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Volume IX Nos. IIT, IV

Page 7, seventh paragraph — Jast line — to read:—
“These canals drain either into bayous or nearby swamps

Page 17, last line — to read:—
“fields” instead of “yields.”

Page 24, third paragraph — second line — to read;—
“none of the sections was’” instead of “none of the sections were

Page 24, seventh paragraph — first line — to read:—
“8 20-ton” instead of “8 to 20 ton’ and “2 3-tocn’ instead o1
“2 to 2-ton”.

Page 26, eighth paragraph — last line — to read:—
“are” instead of “is”.

Page 34, paragraph (ii) — to read:—
“steam” instead of “steel.’

Page 38, second paragraph — to read:—
“150.0%” instead of “15.0%".

Page 44, seventh paragraph — to read:—
(““See Page 32") instead of (“See Page )

Page 44, tenth paragraph — to read:—
“C0 2" instead of “Co".

Page 48, paragraph A — last line — to read:—
“maximum” instead of “minimum’ .

Page 81, third paragraph — fourth line:—

Delete fourth line completely and substitute — “or second class
land under naturai conditions and it had been found necessary.”
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severing their connections with the Indust'lty and, while we wish them lyl
: we

in their new spheve of activities, we also hope that their knowledge 1
and

experience will be at our disposal even tho
the Island.

ey will no longer he in
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Page 7, seventh paragraph last line to read: - )
“These canals drain either into bayous or nearby swamps

Page 17, last line — to read: — a
“fields” instead of “yields.”

Page 24, third paragraph — second line — to read:—
“none of the sections was” instead of “none of the sections were.” i

Page 24, seventh paragraph — first line — to read:—
“8 20-ton” instead of “8 to 20 ton’ and “2 3-ton” instead of
“2 to 2-ton”. !

Page 26, eighth paragraph — last line — to read:— 1
“are” instead of “is”

Page 34, paragraph (ii) — to read:
“steam” instead of “steel.’

Page 38, second paragraph — to read:—
“150.0%"” instead of “15.0%".

Page 44, seventh paragraph — to read:—
(“See Page 32”) instead of (“See Page )

Page 44, tenth paragraph — to read:— ,k
“C0 9” instead of “Co”.

Page 48, paragraph A — last line — to read:—
“maximum” instead of “minimum’ . :

Page 81, third paragraph — fourth line:—
Delete fourth line completely and substitute — “or second class
land under natural conditions and it had been found necessary.”
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RECOVERY OF RUM VAT YEAST AT USINE STE. MADELEINE, TRINIDAD.
G. SWEYN SKINNER, Chief Chemist & Supt. Manufacture

Gray's Inn Central Factory

(Mr. G T Macdonald in the chair)

In presenting this paper T would like to emphasize that the recovery ot
7 " oast ¢ St e i \ v fae : LA ‘

Rum Vat Yeast at Ste M"‘l“““_“ factory, Trinidad, is still in the experimental

tage and the apparatus used is necessarily of a make-shift nature Efficient

separation of the _vonst,‘nnd the use of drum driers are under consideration
pending the res’nlts of feeding trials and of improvements in l‘@rnw‘nti g 1
distillery technigue generally. ; g wm

The value of the yeast from the fermenting vats at Ste Madeleine as
. : " . . e ] ) €
material of high protein and vitamin content had been realised for some im?

siderable time, but no serious attempt had been made to rec
- ove 5
until 1944. r the yeast

During that year sludge was collected and thickened i . i
using filter cloth as a liner in place of the usual copper mnelsﬁ ﬁgedcgcr)lrtr;fl“iil
The yeast was washed fairly free from acid in the centrifugal and driedg oﬁ
wooden trays in the sun. This dried yeast was ground in the laboratory, using
the soil sample mill, and stored in 100-1b. sugar bags using waxed paper liners

The yeast so obtained was generally pale in colour and had quite a
pleasant odour. After six months’ storage it showed only small traces of
mildew and had, apparently, lost none of its value as a foodstuft.

About this time the Trinidad Government became interested in this yeast
as a material of high protein and vitamin content to be used in enrichening
locally made poultry and pig foods. A series of tests with poultry were start-
ed, but unfortunately, they had to be abandoned. Investigations were how-
ever continued by the local Government and Imperial College staffs. As a
result, a paper on Rum Vat Yeast in general was presented at the Annual
Technological Conference in Barbados in 1944.

The Government Farm in Trinidad have undertaken a further series of
extensive tests with poultry and are being supplied with 200—300 1bs. of yeast
monthly by Ste. Madeleine.

The recovery procedure had been altered somewhat for the 1945 season.
The drainage holes in the 30” centrifugal basket were sealed up and three
flat rings welded at equal intervals inside.

These rings are cut from 1/8” M.S. plate and are 3” wide, they were put
in to prevent the machine from oscillating when being fed with thin watery
sludge.

The procedure adopted at the time of my leaving was as follows:—

Heavy sludge from the vat bottoms is placed in a 45-gallon drum diluted
with from two to three times its volume of water and kept stirred. The drum
is situated above the basket and provided with a 3" feed pipe. Approximately
30 gallons of heavy sludge are used for each charge and the drum is filled
twice, using 15 gallons of sludge each time.

Asg soon as the machine is up to speed the feed val_ve i.s opened_aud the
diluted yeast run in by gravity. The optimum rate of feeding was tguud })y
trial. The compartments 1, 2, 3, & 4 counting t‘rom below are t‘ll}?d in ;un};
the liquid finally overflowing from the top of the bi'lskf?t. ’11‘11? 1u11u‘u1 1;
caught by the monitor casing in the ordinary way and runs to waste throug

t.
the I‘I;V(;i:;s;se::;lzeast gtarts to overflow the feed i‘s .st‘op?ed a.ndA th.: ytefllat
atlowed to compaet aguinst the wal o€ the Wl GESL Sy ety tul

s i p o to ens g aske ull.
?fd (tltlltéog(‘e:dfiltlheh(:;ugzeih;%%;églglgegulated this is of course u‘lmelce?urg‘v ;lnhe
yeast is theng extracted by hand using small wooden. ll)llle:szS ‘utldlbpllla ;ed oﬁ
stiff putty-like condition. It is broken up into small b .

wooden trays in the sun to dry.
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METHODS OF SPEEDING UP DISTILLERY OPERATI NG

NS§

M. B. FLORO. B.Sc.. Chief Chemist, West Indieg Sugar (o, Ltd:,
© A Tome:
(Mr. H. B. Springer in the Chair).

Broadly speaking the capacity of a Distillery in tey
Rum output per 24 hours will depend on:—

1. Design of Distillery — that is relation
Distilling and Rum Storage Capacities.

Types and Design of Equipment.
Types of Rum produced.

ms of Gallong Progf

ship between F‘ermentin
5
5,

@ o

It is possible in building a new distillery to make
cf the above factors and incorporate all the desirable t
sure the attainment of maximum capacity angd efficiency during operati
- . 10n,
In the cases of distilleries that are already in existence, and wh; n
abnormal war conditions found ill prepared to cope with : Which the

(a) unprecedented demand for Rum and Alcohol,
(b) inability to obtain new and replacement equipm
. e ent,

(¢)  constantiy rising fuel and labour costs, > and
the main problem for the last five crops has been to fin
{ncreasing distiilery productive capacity by minor add
in equipment. and slight modifications in operating tec
ments in distillery performan
will be surprising to many.

It is the aim of thig paper to indicate the general dir
rarticular care and attention can be focused to hel
tions. While the points which will be pre
to the memll)ers of this Association, nevertheless, they gre
portance to be again zired, even if only for the urpose remindi
to averlock Lh_n ‘:Hule things™ in quest for higherpcappacitigsf ;sg“enf’;‘}gifngise;lfrf
the pr“’,"nF dxs'hl!eries. It may also he true that conditions will vary in dit-
ferent dvxsn]lenes‘ bu)t it will be found that the possihle sources of improve-
uents listed below will he generally applicable to all existing distilleries.

A Maintenance of Equipment:— 1t
Improvement can he done

a very cloge st
u
eatures Which will e(}i

d ways an

d meang
gl o
itions and 3

s - alterationg
tio ue. 1e improve.
ce which can he accomplished along suchplior:/:s

: e dis rather surprising how much
! i ) ! by e judicious expenditure of money for
Tepairs and general maintenance of distillery equipment during the non-

Z’?fif?if:{id"';;'ﬁd;e,;"a?”"’“- per: Possible sources of hold-ups may even be
those who v b t‘;x led on the spot. It is jn thig particular direction that
pound-foolish To - nurseq’;trjngg of the Industry can he penny-wise and
Ho18 ore c]z;q;-l . a very great exten;, the economics of a distillery’s opera-

" &T€ ciosely bound with what its total output i produced during
andable, since in practically all cases
actory for steam and power. Breakdowns and
avoided by proper off-seagon main-
off-geason operations. To he ahle
m 8peed, equipment must he iy tip-top shape,

bartip:uIa"r[i’“m:.'f':‘mce of Quality of Raw Material:—
for diﬂtﬂla{iorn‘ ,r():lo thfe molasees, hut to the quality of the fermented liquor
able 10 process wag‘ﬁ o Ereatest helps in maintaining production, is to he
distillerics fl;'r:durinw‘:;,th Practically constant alcohol content in the case of
ariges ag to what‘thﬁ’ e heavier hodied rum type. The question naturally
of alcohol or rym [e optimum content of the dead wash should he in terms
not only be consfge make the distinction, alcohol or rum, as the latter should
and other ;w'onld ,ref’x as alcohol, but in combination with the volatile acids
There hag r)}.}‘n aar{ constituents, which getg rum apart from dilute alcohol.
ohtained in };l;e”.leaﬁOn ]atf}ly, on the bhasis of Arroyo’s claims and resulls
In my ¢ > Rico, 1o aim a5 high as §%,—10% hy volume of alcohol in

¥ experience thig jg only attainable by processing with pure

tenance, hecome very cost]
t : Ve Y in prolonging
to keep production at minimu - e

3y raw material, I do not
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tures. Here in Jamaica under regent i -
ﬁ:::n content of 6% alcohol hy vnhIl’me inr t?lft::,?;g' Cv:"ifll‘dl}twns
aim at. The average generally attained is aboyt he a
reasonably constant alcohol or pum content in v t
it appears. It involves very cloge control in ¢

following lines:—

(1) keeping a good alcohol or pym producing yeast straip:
(2) knov{ledge of the quality of the molasses or other mat'r’ Is f
keeping constant concentration of sugar in rho‘ wwsh? s for
(3) knowledge of chemica] reget: ) B s
— reactions favourahle for efficient fer-

» an equivalent
R © 4 good target to
v/0—550%, To keep a
ash however, jg not ag eagy as
he fermentation house in the

(4) cleanliness around the fermenting houge

C. Maintenance of Distillation Speeq and Efficiency;—
ing, phases of the distilling end which may be studied are:—

(1) Area and disposition of heating surfaces of th
to volume capacity, and loading level,
by the Sugar Technologist of the S.M.A
the sq. ft. of heating surface vari
same volume capacity. The average at Frome ig 80 sq. ft. for a
1,500-Gallon Still with average working cycle of 4 hours, One
point, however, which is adhered to is to install the heating
surfaces with an eye to easier access for cleaning, by allowing
enough room between the still bottom and sides, and the
heating coils. It may be pointed out that a high H.S./ capacity
ratio will only help in speeding the first step in the distilling
cycle — that is bringing the wash to boil.

Under this head-

e still in relation
In the last report issued
.. his survey shows that

(2) Raising the Temperature of the incoming Wash: This has al-
ready been elaborated upon in previous papers presented to thig
bhody.

(3) Pre-heating High Wine & Low Wine Charges in the Retorts: Re-
sults obtained at Frome showed that a saving of about 8% in
distilling time cycle may be affected at this point. Tempera-
tures carried are 140°F in High Wine Retort and 160°F in Low
Wine Retort.

(4) Provision for Adequate Steam Supply: The lack of sufficient
steam supply to take care of the fluctuating demands during
the distillation cycle, is probably responsible for a gogd deal of
the variation observed in a comparison between performances

f pot stills of identical designs. "

° pgn analysis of the steam consumption dl{ring the different
stages of distillation will show that the maximum demand oc-
curs during the heating to boiling stage, and that the rate of
consumption then is always twice, or more, the average rate for
the cycle, Thus, adequate steam ) supply means no.t Olzlly
adequate supply for the average requirement, but also a reserve
for the peak requirement.

v » of Heating Surfaces: Scale, if allowed to accumulate

i t)ll\oltl;lli“l!\‘egfing coili" can cut dqwn the _speed of distillation by }z:s

much as 50%. If heating coils are H_lstall.ed too close_ to the

* the bottom of the still, it will mvanably result in sca_le

sid.(! - lating, either on the underside, or on side next to still

nmunu}“ is n‘nturully cuts down effective hgatmg su}-face by a

X We have found boiling .Wlth alkali, followyed

weeks in combination with weekly' ‘brushn}g,

In the case of column stills, bmh.ug with
3 weeks will be found very beneficial.

wall.
high percontage:
by acid every 6
quite effective.

caustic soda every
osenecks: This is probably one of the

Cleaning Inside the (}0f o maintenance work. It should be

(6
most neglected phases O

-
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noted that the deposit of sludge by splashi -
unavoidable, and will vary accordiyngpt0 htll?g i)“:_ bractically
suspended solids in the wash, and the regulation Lfoll;’()l'l]()ll of
sures during distillation. The presence of sludge <is €am preg.
side the goosenecks and vapour pipe leading to th .ODOS”S in-
retort, has a throttling effect on the vapour line wi;hlo“v b
increase in vapour velocity. The Sugar Technologist ]l:QS

me Fo refer to the effects of still design on tinw' c oy asked
particular emphasis on still top, taper piece and‘ y(‘.]‘e_ ity
My personal opinion is that very little if any impmsg%mmckg'
be made on the design as supplied by the makers, a Jrllem.c;m
found necessary to build a part locally, the origina‘l ‘(IY}( it l-t %
and shapes should be adhered to. The only éltemt'lmmm(}ng
can be suggested is to have the goosenecks and (qtl"])ln wh"fh
flanged sections to make those parts more accessiblle lf ,mp 2
ing and rgpairs. More than likely the absenceb of ¢ O‘l‘ ("10.‘1"'
between still design and time cycles noted by the Te ‘(})lllclat!cm
is due to the varying stages of internal clealllilx(éq:()logls"'
goqsengcks. It should be of interest to find how man g d-]e
leries include dismantling of still tops and goosa“y el
part of routine crop and out of crop maintenance enecks

ine
Ulting

as

7) Pfonsmn .for Sufficient Vapour Outlet Space in Retort Injecti

g;][;ec.ide};;ther ;’09 small or too big a space should be a;]rt)(i‘dl:(?

¢ condition is to provide a spac i 5
th_ecretlc'al volume of vapour coming tk?l‘ofg;.qu'l[“rilsel}\tot? th~e
will be influenced by the size of the charge and the de . o
the retorts themselves. We have found it very helpfu]S]g(r)1 -
the right size of space has heen determined, to keep a o‘ it
volume of charge for every distillation. ' constant

(8) g:sf(laﬁon of 4sm1 _Bodies and Retorts: Aside from the saving
. ;he;al;n‘ cg:}:}:mptlon per .proof gallon rum produced, insu\atioﬁ
o savinéri) hth areas of still hodies and retorts may account for
%4 ? e ume.c_ycle of as much as 10% depending on still
ocations and prevziling outside temperature.

D. Maintenance of Proper Process Control:

been mazntc: t;:heed?;f'?ln ization of the J.A.ST, strong recommendations have
cheriloal contral i illery owners with regard to the establishment of proper
to enlarge furtherl; e\tf;_ry Island distillery. There is no necessity, therefore
ber of this body to :b is subject. Tt should be very gratifying to every mem-
responsible for distillery m the results of their efforts and to know that those
in rum processing i ery management now fully realize that Chemical control
work as in th g is just as useful and just as inseparably bound to efficient
in the sugar branch of the Industry.

E. Maintenance of Efficient Supervision:—

The i . .

1»emuneratt::;1 g?;?ﬁﬁ;czt:fff Bavmg an adequate number of efficient and well
s e 4.armot be over emphasized. Tt is said of the good
were more or less prepasrede;y book-keepers came to work on Monday, they
has now no place except i Sr a 6-days stay. That kind of working condition
o SetiTe oo e nt he memories of old-timers like myself. Present
other branch of ,the Sugi ??ldétln(z remun_erated O e e M toested s1f
efficient organization can be bui?trip A el g S .

Befor —
that, aimi; iLO:lgfs:tvl«T;aYlgot be out Of' place here to sound a note of warning
ahead, and the very ex?lt War 1 period, there will again be difficult times
v is 1elnce of many of the present distilleries will depend
e e ga on of proof rum can be produced, or in other words,
earnest hope that thi cieney apd productivity they can be developed. It is e
o ey is paper \.mll at least serve the purpose of starting the ball
e direction of higher distillery performance.
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DISCUSSION.
The Chairman declared the subject open for discussion.

Mr. J. (. Davies asked if there would be any benefit in i :
e alteri v

of heating surface of the top and bottom still coils. He enqurifeéheo;a&g

gtrength of the solutions used for cleaning. He quoted figures showing that

there was no correlation between size of still top and gooseneck and the tir;le

cycle.
Mr. Floro thought that little would be gained b i ;
s . ; y altering the h.s. N
The cleaning solution was caustic soda and trisodium DhOSpgateein ih:a;ﬁ,,
portiog of 2:1 and at about 15° Be’. 1% hydrochloric acid could be used
instead.

Mr. Henzell asked whether softened water used for mixing wash would
help in scale prevention.

Mr. Floro replied that if the water was originally hard, softeners would
help.

Mr. J. G. Davies confirmed this from his observations in Puerto Rico.
Mr. Floro described for Mr. Robertson their cleaning procedure.

Mr. Nurse agreed with the author that the cleaning of goose-necks was
very important. At one factory the goose-necks had been flanged to facilitate

this process.

Mr. Graham felt that there must be an ideal shape for the top of stills,
gooseneck and vapour pipe, and wondered whether the makers had any method
in designing shapes or if their product were a result of trial and error. He
also wanted to know if there were any big differences between old and new
stills.

Mr. Floro said that two new stills which had recently come to the island
had not shown such tavourable time cycles as older ones.

Mr. Cuthill asked if the limiting factor in speed of boiling was not pre-
vention of entrainment and Mr. Floro replied that it was, as .far as the still
was concerned. Mr. Cuthill asked if the time cycle (_)f }arge stllls_ would vary
from that of smaller stills apart from time of preliminary heating and dis-
charging.
depend on whether heating surfaces in a

i istri 3 till there should
big still were properly distributed. He felt that for a lar'ger s 1
begcorrespondingly larger heating surfaces, and theoretically, the time cyfcle
should not be longer. However, in practice, it would be found that the time

cycle was longer for a bigger still.

Mr. Floro replied that it would

i r igi ill was 1500 gallons in capa-
e said that at Barnett the original sti

: Mr.lell{)Be“ was added to make this up to 2200 gallons. Last c'rop, they
;:tl)tlydjc? touonly 1800 gallons. The number of loadings was therefore increased

but the total output of rum per 24 hours was also increased.

i s the dis-
R t the reason for the Barnett e_xpenence wa.
L e éhsm'face and its effect on entrainment.

tribution of the heatin .
Estates, they had two stills — an old
n erected after the last crop. Both were of the

h. The newer still took three-quarters of an
e 5 Both had the same heating surfaf:e.
tly from the old still.

Mr. Robinson said that at United

type and one which had bee
same capacity, 1200 gallons :
hour less per cyclehtharz)gélgnoec e i s
‘ g i s bottoms of ‘he stills.

For the new : of 1ho e sl ¥

. S 1
The only slight ; little more shallow and sma
bottom of the newer 1 was a raised a little. To compensate for that, tl:e
the sides had been was flanged to facilitate

sO
the old one, 50 K€ %y i1e flatter. TH

dome was ma
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a i : ¢ ffect holes in the vapour pipe
i ing. He inquired as to v&hat.e 1 S to the
:g:?(s gWould have upon the operation of these stills.

Mr. Floro said that holes in the vapour pipes would lead to the b

s i Y-passing
of vapours and it would be difficult to obtain the required strength o

f rum,

Mr. J. Scott asked Mr. Floro whether at I_<‘1‘ome. Wash was screened hefore
it went into the still and if so, had this any influence on the ether content of
the distillate.

Mr. Floro replied that they did not use fine screens but centrifugal Separa-
tion. This was done in order to prevent any “rice grain” entering the stilg,

Mr. Springer thought that it might be pos:si.ble to speed up operation by
cutting off the rum at a higher proof, the limiting factors being the type of
rum and the distillation efficiency desired. It was interesting to mention
that the time cycle guaranteed by makers of new stills was not covereq by
any conditions of operation.

The Chairman then thanked Mr. Floro for his very interesting paper,

:0:

OBSERVATIONS ON THE EVAPORATION OF ALCOHOL DISTILLERY SI 0P

M. B. FLORO, B.Se.
Chief Chemist. West Indies Sugar Co. Ltd., Frome.

(Mr. G. S. Skinner in the Chair)
INTRODUCTION:

In view of the importance of the problem of distillery slop disposal to the
Sugar Industry in Jamaica, it is felt that observations on actual industrial
application and results obtained by a method of treatment seen in the U.S5.A.
would be of interest to members of the Association.

~'l'he observations made in this paper are hased on observations made from
Seeing actual operation of the new slop concentration plant recently erected
by the U.S. Industrial Chemical Inc. in their New Orleans Plant. It may be
mentioned that the Company’s aim in the evaporation of slop, is not to solve
the problem of disposal. but to obtain a substitute for heet molasses as a bind-
er for stock feed. All surplus slops are discharged into the Mississippi River.
\\'h.\le it must be confessed that the results obtained were far below the
writer's preconceived notion of what guch a plant could do, the operating data
and results given below will nevertheless he found extremely useful as a
guide to any one contemplating evaporation as a method of slop disposal.

EQUIPMENT.

1. Quadruple effect evaporator of old design previously used in Paper

Mill — all. copper including Vapour Pipes — with total Jieating surface
of approximately 11,000 8q. ft.

Brass tubes in the 2nd, 3rd, and 4th vessels, stainless steel in the 1st.
Jet condenser.
Steam driven condensate pumps with float v

alve controls.
All Copper piping,

E S

Meter for steam supply and meter for dilute slop supply.
GPERATION DATA.

(a) Steam supply at 10 lbs. per 8q, inch pressure.
(b) The slop is pum

ped direct from etha i . molasses wort
b0 the Svaporal ethanol stills processing

Or supply tank. Difficulty is experienced due to settling
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m i 2
is 5.50° Brix. of this tank. The average density of the slop

(c) The concentrated slop ig pumped out
approximately 467, solidg by ;
the storage tanks.

at a density of 28°.30>

¢ Beaume or
drying and igs loaded in tank

cars from
(d) Cleaning is done once a week No. 1
One 2ok, vessel has to
plugged tubes drilled with electrically o 3
Chemical cleaning consists of boili itk o e ;lrr:ll(sf a:u}l b
caustic soda solution at atmog ric pre g h}.|1)rss;:;13 E}E‘l?o;::g
by boiling with 2% hydrochloric acid, als at i v
: C ©acld, also at atmospherie
used to take 36 hours for cle o e s, T8

aning but this time wag gradually cut down.
OPERATING RESULTS.

Average Rate of Production — 440 U.s.
per hour.

he examined and its

Gallons concentrated slop

Equivalent to — 4,000 U.S. Gallons of dilute slop eva-
porated per hour.
Evaporation Rate —_

Steam Consumption —

3.50 1bs. water per sq. ft, H.S.
0.263 1bs. per 1 1b. of water evaporated.

Dilute Slop Evaporated — 0.364 U.S. Gallons per sq. ft. H.S. per
hour.

POSSIBLE SOURCES OF BETTER PERFORMANCE.
1. More modern design of Evaporator.
2. Pre-heating slop supply to 230° — 240°F.
3. Separation of all suspended bodies in slop before evaporation.

It should be noted that in Jamaican rum distilleries, the dens.ity of the dunder
is much higher, 10° — 12° Brix, and therefore more quapmy per sq. ft. of
H.S. would be capable of being handled by a plant of this type.

DISCUSSION.
The Chairman declared the subject open for discussion.

Mr. Dron asked what size of evaporator tubes Wgre_used._ and Mr. Flnrp
replied that they were 1-5/8” outside diameter, 1}” inside diameter and 3
long.

Mr. Henzell asked whether the concentrated slx;p] pumpe? i(r]xttohﬂtlelhs;otx;;iela
2 J E i i and Mr. Floro replie a
t was stored for any appreciable time, an - Flc L tl e
E‘.?:‘)‘1]"{1ge capacity was 14,000 gallons, consisting ot‘ two tanks of 7,000 gallons
lezich. The maximum time of storage was 3§ to 48 hours.

9 1. Davi id that two things struck him — that.evaporatmn was
MI.. .!. (;.e({);::gsn?g:\‘ll\; of disposal but to produce something saleable, ‘alég
not being us de about operation data — “that the vessels had to be ex‘?n&ur
ey bes drilled with electrically operated drills and Scmpeﬁs , de i
and pluggot\Al\l L-zc'\nblu decrease in heating transmission towards the g‘]:iogs
:llmm l:)el :ltlilagpllzériod and he wondered whether suitable operating condi
1e opert

could still he mainta ined towar ds the end of the run.
| , the
Mr. Floroe lk’])ht’d that they pdld close attention to that phase o
. f th

: the rate of eva-
i ade every hour. Once

sis of slop bethg T r ere cleaned.
opemtiond—— lll;ﬁl}l'ail;O\\' a predetermmed figure the evaporators w

poration dropp R

i from

ill as to where the steam came 2
e ith a central power plant supply-
d fuel oil, but was also equipped

: estion by Mr.
Tn reply to a question : \ Ao
Mr. I'loro said that the‘plant w a;‘l(:eh;%a?llt b
ing steam to alcohol stills ete.
for hurning natural gases.
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Mr. J. G. Davies enquired for details of construction of the evaporators.
Mr. Floro stated that the equipment was not modern a?d the down-take wpgq
not big enough: also, the edge of the down-take was 2" above the calandria,
which was not baffled — the incondensible gas lines were also inadequate.

Mr. Cuthill asked what was the nature of the product and to what com.
mercial use could it be put.

Mr. Floro replied that the concentrated slop was sent to the Miqd West a5
2 binder for stock feed as a substitute for beet molasses which was unobtain-
able during war time, being required for alcohol production. The product
was in liquid form of a density of 28" to 30° Beaume.

Mr. J. G. Davies doubted the efficacy of such a plant for dunder disposa]
\n Jamaica. and wondered whether if such a plant were used, the concentrate
could be disposed of in Jamaica.

Mr. Floro thought that the only possible adaption would be in conjunction
with the burning of the concentrate or that the concentrate might be put
through an Oliver filter which together with mud could be applied to the
fields for fertilising purposes.

Mr. Whitaker szid some years previously, he had had specificationg of g
plant for dunder disposal similar to the method described by Mr. Floro. It
was a question of injection of slop on to hot rollers which produced a powder
which could be used for fertiliser but the process would prove much too ex-
pensive under local conditions

The Chairman thanked Mr. Floro for his paper.

0:—

SOME ASPECTS OF THE CHEMISTRY OF RUM PRODUCTION.
J. R. McFARLANE. B.Sc., A R.T.C.. Chief Chemist, Caymanas Estates Ltd.

(Mr. V. Williams in the Chair)

Since rum production in Jamaica dates far hack into the dim and distant
past, it is not surprising that the methods employed have come to bhe regarded
w8 axiomatic or that rule of thumb and empirical formulae have been the
rule rather than the exception, and the Sugar Industry Commission (1) has
summarised the position admirably when it states: “The production of rum
in Jamaica is, in general, still regarded more as an art than as a science.”
However, in view of the advances made in recent years in the sugar industry,
It must seem a little strange that little or no attention has heen paid to the
scientific aspect of rum production in the Island. At the heginning of the
century, a foundation was Jaid by the excellent work of Cousins (2) Ashby (3),
Allen (4), and Greg (5) but since that {ime any attempt to huild on their
siructure has heen very limited. Arroyo, in Puerto Rico, has carried out ex-
tenslve regearches, some of the results of which muy he found fn his many
papers, and he hag added considerably to our knowledge, hut his suggestions
do not seem to have met with wide approval here. In the last year or #0, i
determined effort has heen made to establish chemical control in our dis-
thleries, but this hag been made more with a view to obtaining some Idea of
the efficiency of alcohol production than to investigating the conditions gov-
crning the production of Jamaica rum, but even 80 it does not yet appear Lo
have the whole hearted support of the manufucturers. So far s can he a8
certalned, no gerious attempt has been made to correlate the proportions of
Lthe varfous constituents present in the wash with the quality of the rum
produced or to determine the conditions under which the desired proportions
of those constituenty can ho produced at will, In an attempt o show that
rum production I8 indeed a sclentific Industry and deserves to he treated ns
such, 1t has been thought that a briet outline of the chemistry of Lermentation
ut far us L 18 concerned with {he manufacture of rum and of the reactions
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which are involved in the production o .
up what is known as .]:-!r1nir-:| Rum, wiI;rsi};‘zzet:“r]bs::)?fqis ‘twhwh B0 to muke
to induce a new and different outlook on the fo;hlﬁrr;gra;;‘tllese 'fact.s. and
industry. It is to be regretted that, wity the limited time ' l};’h e
heen pnsmhlo' m_ do more than to touch on the mg}‘. im rBtvan able it has not
subject, but it is hoped that this paper, iﬂCOmp]p{a UFJF ant aspects of the
arouse fresh interest in the chemica] asp *te though it may be, will

It § t i £ ects of the industry.
is nol proposed to consider the varioug t ;
detail other than to recognise the main oneg v:hig}r:e:n;f Jamaica
Clean, Plummer, Wedderburn and Flavoured.
their production and the nature of their consti
though the practical methods of production may v pen
proportions of constituents may differ with eacf\ t;;Z considerably and the
Jamaica rum can be considered as an aqueous mj

A mixture

aliphatic acids, esters, higher aliphatle alec ixture of ethyl alcohol,

. > ) hols, aldehydes, furfurals, :
traces of certain unidentified substances which appear u})’ be rpl;;)r;:;silbbleltgfll

the character of the product as distinct from other spiri i ]
by the alcoholic fermentation of aqueous solutions of llnrt;f::;seii"ltl;]rlgaziofli‘itze
and dunder by means of yeasts in the presence of bacteria and other micro-
organisms which promote subsidiary reactions leading to the prodﬁctinn of
substances other than alcohol. It has long been claimed that environment
plays an essential part in the production of specific marks of rum and for
this reason, great care has been taken not to destroy the character of the
fecrmentation, manufacturers having gone to such extremes in this direction
in the past, that some of the distilleries were definitely insanitary. While
under the conditions of adventitious fermentation as practised in Jamaica,
there is little doubt that each distillery produces a distinct rum. Floro, at
Frome, has demonstrated the possibility of manufacturing several marks.
which were previously made on individual estates, at one central distillery.
It has also been regarded as essential to employ pot stills but, while this type
of still will normally produce rum with a greater proportion of higher boiling
constituents than the continuous type, good rum has recently been made in
a continuous experimental still at Frome and there is no reason why, with
careful setting' of the plates, all but the heaviest types of Jamaica Rum cannot
be distilled in this manner. Arroyo (6) has succeeded in producing a rum in
Puerto Rico, under very different conditions to those obtaining in Jamaica,
which, he claims, is “indistinguishable from Jamaica rum in taste. bouquet and
chemical analysis,”can be manufactured “in a fraction of the time required for
the confection of rums of similar quality under Jamaican methods and con-
ditions” and ages so rapidly that a three month old rum offers the chemical
analysis of a two year old Jamaica rum, while a six month old product is com-
parable with five year old Jamaica Rum. (23). This would seem to indicate
that the control of conditions of fermentation is the most important factor in
the production of rum.

Production of ethyl alcohol is the major process in rum manufacture
since alcohol comprises over 80 percent by volume of rum distilled. Alcoholic
fermentation is brought about by yeasts, but the yeasts employed in rum
distilleries are, in general, incapable of fermenting any carbohydrate more
complex than the hexoses. Since some 30 per cent of the total sugars in
molassey are present as sucrose, it is necessary, therefore, to convert this
disaecharide into dextrose and laevulose before .cor'nplete. termentatipn of
sugars can be effected. The yeasts employed contain 'm. their cel}s a mv\.\'ture
of complex substances, the exact chemical natures of which are still unknown.
Thoesie substances, tho enzymes, may be likened to catalysts. in that they can
promote reactions without apparent detriment to !hemselvels. but‘iﬁ must be
pointed out that they ave extrewely specific and many otf tllem “u7 Pm“:smoi;e_
ono particular reaction and that nmvgiml alone. One o' t;sse e; s‘\}:cros‘e o
vertase, or more correctly sucrase, brings about the inversion o

rum in any
1 y be taken as Common
since the reactions involved in
tuents are esgentially the same

dextrose and laevulose. -
CpMge0y + Ha0 = 2Cl1a0%
Sucrose Dextrose and Laevulose

g0 (hat there is no need to effect the hydrolysis of the sucrose by any other

means.
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The production of ethyl alcohol and carbon dioxide from .hexoses by fer-
mentation is the result of a series of involved reactions, mainly effecteq by
the action of different enzymes but the overall result may be represented as

CGHI'ZUG = 2 CH3~CH2'OH + 2 CO,,

Hexose Ethyl alcohol Carbon dioxide
where 100 parts of hexose will, theoret.ically..yie]d 51.11 parts of alcphol and
48.89 parts of carbon dioxide. In practice, using pure yeast cultures in sterile
substrates, it is possible to obtain a conversion in excess of 90 per ceqt of the
theoretical but, for reasons.which will be appreciated later, the efficiency in
rum production is considerably lower.

A great deal of research has been can.'ied out on the mechanism of
alcoholic fermentation and the various theories put forward have been dis-
cussed by Meyerhof (7). One of the more widely accepted theories which,
while it may now be considered incorrect, serves to show the complexity of
the reactions involved, is as follows:—

1 Hexose and phosphate, in the presence of the enzyme phosphatase,
combine to yield hexose diphosphate

CcgH1906 + 2 RHP04 = CgH 904 (RHPO4 )9 + 2 H,0

Hexose Hexose diphosphate

2. The Hexose diphosphate, by the action of zymo-hexase, yields two
molecules of triose phosphate. probably glyceraldehyde phosphate
C3H1¢04 (RHPOy )y = 2 C3HgUy (RHPOY)
Hexose diphosphate Glyceraldehyde phosphate
2. By internal oxidation-reduction (comparable to the Cannizzaro
reaction) in the presence of water, one molecule of glyceraldehyde phosphate,
acting as hydrogen acceptor, is reduced to glyceryl phosphate and a second
molecule oxidised to glyceric acid phosphate. This reaction is promoted by

mutase
Hjy + CHO. CHOH. CH,(RHPO4) = CH,0H. CHOH. CHg(RHPO,)
Glyceraldehyde phosphate Glyceryl phosphate
0] + CHO. CHOH. CHy(RHPO,) = COOH. CHOH. CHj (RHPOy)
Glyceric acid phosphate
4. These phosphates are dephosphorylised in the presence of apo-

zymase, glyceryl phosphate yielding glycerol and phosphate, and glyceric acid
phosphate, pyruvic acid and phosphate
CH,0H. CHOH.CHy(RHPO4) + Hp0 = CHp)H.CHOH.CH,0H + RH;,PO4
Glyceryl phosphate Glycerol
COOH. CHOH. CHy (RHPO4) + Hg0 = COOH.C(0OH)y.CH3 + RH,POy
Glyceric acid phosphate Hypothetical substance
COOH.C(OH)9.CHg = COOH.CO.CH3 + Hj0
Pyruvic acid
5. In the presence of carboxylase and co-carhoxylase, pyruvic acid de-
composes to yield acetaldehyde and carbon dioxide, the latter heing liberated
COOH.CO.CH3 — CHO.CHg -+ COZ
Pyruvic acid Acetaldehyde

6.  Acetaldehyde now replaces ¥ : g A
: e glyceraldehyde phosphate as acceptor I
relsacuon 2. yielding ethyl alcohol and glyceric acid phosphate, little or no
Eoﬁzgécsgosphate being formed once the production of acetaldehyde has

Hy 4+ CHO.CHg =  CH3CHy0H
Acetaldehyde Ethyl alcohol

0 + CHOCHOHCH,(RHPO,) = COOH. CHOH.CH, (RHPO4
Glyceraldehyde phosphate Glyceric acid phosphate
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The glyceric acid phosphate formed
reaction 4 and the subsequent react
plete. Hence the main productg [
dioxide with small quantities of
substances are formed during fer;

the waste productg of yeast i
duc metabolism or to be prod i
> 9 - g - ine
Xloelzitz:,iozact’?hl:yt:anont(l)lterthorgafmsms and either slfgars c:)a:l 330(11-1?3{::“:;51’;?
g , ther :
et i efore, be regarded as direct products of aleoholic
The efliciency of conversio

m
governed by a diversity of fact of hexoses to alcohol and carbon dioxide is

ors of which the most important are:
a. Type of yeast employed,

The type of yeast used for ferm i i
entation will have consid i
:)oth }(:n the yigld of alcoholl apd on the quality of rum prodliceeaazgc:e::;ng
ype has peculiar characteristics and each strain of any particular t 4
produce different results. ype may
In general top-fermenting yeasts are em i isti i
) ployed in rum distill in spi
of the fact that most othe:r distilleries employ bottom fermentilgerylzzsl; quatf
though a1c9h01 f(_ermentatlol} would appear to be a purely anaerobic précess
yeastls ar%&pt li'eahty facultative anaerobes, and work best with a limited oxygen’
supply. ith excess oxygen, the sugars are comple idi
s pletely oxidised to carbon

However, the carbon dioxide liberated during fermentation dilutes the oxygen
present while reactions involving bacteria have a large and preferential oxygen
demand, so that, under normal conditions complete oxidation is not pro-
nounced. Even with a very large excess of oxygen and in the absence of
bacteria, it is not likely that more than 20 per cent of the total sugars will be
oxidised completely and this would be a decidedly abnormal condition.

The yeasts most usually found in distilleries are of the budding type
(Saccharomycetes sp.) and the production of alcohol will be found to vary
widely with different strains. In alcohol distilleries it is customary to develop
a particular strain of yeast which gives the most desirable results, but this,
of course, only applies to pure culture work. In rum production pure cultures
are not used, the fermentation being spontaneous and it is obvious that un-
desirable strains will be present. This will affect the efficiency and it is
probable that a fermentation efficiency of 85 per cent isexceptional. This
fermentation efficiency must not be confused with the overall efficiency re-
ported by a number of our distilleries, but is the percentage of the t.heoretical
yield of alcohol which would be produced in the absence of all reactions other
than alcoholic fermentation. Although the adoption of a pure culture system
seems remote there is no apparent reason why cultures which would ensure
a preponderance of desirable strains should not be employed in an attempt

to raise the efficiency. )
1t is of interest and possible importance tc.)d notl(; that, t-vlclrhereass l:)&d((l:fng
ear to predominate in Jamaican distilleries, the prese fa
%esi?:)i ];'(;:sta I()IS)chizosnlc’:chm‘omyces mellacei) was reporteq by (f}regh(loc}; c‘]t.)
some 50 years ago and was alleged to be partially responS}ble_ or t! 9dc ar a.c’-f
teristic flavour of Jamaica rums (Allen, loc. cit.). There is little eg’ll ence 3
this type of yeast being present in most distilleries in any appr:cxaf e qu?x i-
ties at the present time. Arroyo (8) has sugge_sted that a hop— i;men mgl
fission yeast will produce a more desirable quaht}; of l‘llglm;baén ea:t 1(121(1:%
hudding type, and has investigated .the pro.blem % 01? o troductiyt;n of a fis:
sotibie) whlcil was discovered by Lmdl{er in 188':1 (9)l e-in iyl
Il t into our distilleries in suﬂlment.ly pure culture to %“Sm ) ﬁ
flon ye?ls lil:l ant organism, might lead to m_Jpr_ovement of7b60t e e‘;lteralx?cloﬁgl
q:gﬁ)tr; stijxrxr‘l:e it is reported that Sch. mellacei yields 6.6 — 7.6 per ¢ "

ely on the temperature

b. Temperature.
larg
f yegst fiegenils viE be no definite optimum

The metabolic activity o S =
at which it is maintained and, while there appears
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1empersture 81 which s yeast thrives best. there is a fairly narrow range over
which reasonably good results cam be obtained. For the production of pym
i+ iz not usnal to allow the maximum temperature of the wash to exceed 35°C
and temperatures shove 27.5°C shounld most certainly be avoided if reasonable
vields are to bs expectad Actually. the Jower the temperature the slower
*ill be the fermentation. but the better will be the quality of the rum produceq
and it iz generally accepted that distilleries at higher elevations produce
better rum for this resson. Arroyo (10) claims that for good quality rum
the temperature should be maintained at about 27°C. but, w_rithont elahorate
devices, thie would be extremely difficult to achieve in most Jamaican
ries

While the rate of metabolism increases gradually with increase in tem-
perature at temperatures above 37.5 C. the metabolism is disturbed and, due
to the fact that it iz hizhly improbzble that the various enzymatic processes
taking place duringz fermentation will have the same optimum temperature,
gome processes will be gpeeded up more than others by an_incrcase in tem-
perature  The production of involution forms to ?ye found in yeast cultures
propagated at high temperatures is regzarded as evidence of this latter fact.

e. pH of Substrate.

The degree of acidity of the substrate in which the fermentation takes
place has an tmportant bearing on the rzte of fermentation and on the nature
of the reactions taking place and therefore of the final products. In general,
jow pH values fzvour reactions involving yeasts and higher values those in-
volving bacteria. aithough it is possgible to acclimatise micro-organisms to
conditions very different to those under which they normally thrive best,
though the products of metabolism may, and most probahly will, be different
fn these c In the produ 1 of alcohol. as distinct from rum, the opti-

mum pH the vici of 5.0 but, for rum production_ a pH of 5.8 is
claimed by 6 vieid the best results. This degree of acidity would
seem to zliow clent bzoterial activity to ensure the production of those
amou opstitgents required to maintain the quality of the rum

at t i level where pH of 5.6 the hacterial activity is almost
completely suppressed maintaivance of a2 constant pH during fermen-
tation is advoczted by Arroyo (11). who gtates thai, by this means, “rums of
great cleanliness of aromz which aged rapidly were produced, while the mature
rum hzd mellowness smoothness znd delicacy of flavour.” No progress in
this direction zppears 10 bave been made in Jamaica though the huffering
eflect of dunder must heve z limited influence on the pH of the wash.

d  Yeast NVatrients,

The quantity snd proportions of different food materials can greatly alter
the metahohsin of yeast cellg both qualitatively and quantitatively and yeasts
krown on different medis and under different conditions can show extreme
vartability i composition. Thue the fat, protein und carbohydrate content
of a yeast may vary through wide limiis depending on the conditions of growth
and thix must mesn that there will be variations in the metabolism of the
yeast during growth.  These are reflected in the differences in the fermenting
power and products of fermentation of the resulting yeasts

With regard to the actual nutrients required, with the exception of car
bhon, hydrogen and oxygen which are gupplied by the sugars, the main 1¢
quirements appear Lo be nitrogen phorphorug and an alkuall metal though
there s Nttle doubt that trace elements, may play an important part in yvast
metaboligm

It has been shown that, when a snall quantity of yeaet i used for in
oculation, cell growth {8 very slow. whereas, with larger scedings, porma
rapld growth takes place. This fact was first observed by Pastenr and lated
confirmed by Wildlers, who suggested that the failure to grow rapidly frow
# small inoculatlon was due to the absence of o ppecific indigpensible _N"“
stance which he called ‘bios” and which would be introduced in appreciuble
anantity only when using larger quantities of yeast for geeding  For ey
yeurs nothing more was heard of this ‘hios’ until, about 1620, it was s\lm"‘““"’,
that it wag identical with a vitamin of the B group now termed M“‘.“‘ 92
Vitamin H, one component of which (d biotin) has been gym)u-almvd (26)

—_— —
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In rnm manufaotnr; - . '
L . hitrogen |
‘i"h’”“* '?" precursory of amlnn-qr‘id: :':-f,m”“d
down of yeas ki -
oSt easi]}; agilg?{’;:‘ifr Nitrogen in the form of ammonia appears to be
in the lﬁl’nduétion of a(]. ’;‘!""“ the nse of ammoninm asulphate ag a ﬁutﬁent
cohol and of light rums in other countries, and it is

haeh?:z’nr‘e of ammonium aalts, de-amination of amino
rmation of ammonia and aliphatic alcohols

NHy COOH + Hy0 = CHz CH; CH(CHg) CH,0H
Ad—Amyl aleshol -+ C0z + NH3

in the molagges and in dunder,
produced as the resnlt of breaking

CH2.CH | CH(CHs) CH
Isoleucine

Owen (27) states that 0.5- 2 0%
creases the efficiency of fermentation
more readily available source o
“bios” present.

of autolysed yeast added to the wash in-
on. This may he due to the supplying of a
t nitrogen or to an increase in the amonnt of

It is of interest to note that none of
bolism contain nitrogen and this woul
for synthesis in the yeast cell,

With regard to phosphorus, this is always present in molasses in the
form .of phosphates and it is also to be found in yeast nuecleic acids which,
combined with proteins, are present in the yeast cells as nuclevproteins
Yeast nucleic acid has been postulated tentatively as

4 th‘e normal products of yeast meta-
d indicate that nitrogen is useq purely

Phosphoric acid — Pentose — Guanine
Phosphoric acid — Pentose — Cytosine
Phosphoric acid — Pentose ——~ Cytosine
Phosphoric acid — Pentose — Adenine

in which the pentose has been identified as d-ribose. Guanine and adenine
are purine bases and cytosine a pyramidine.

It has been claimed that potassium plays an important part in the meta-
bolism of yeasts (12). This element is one of the main elemental constituents
ol molasses ash. It is probable that sodium, which is also present in fair
quantity in molasses, can replace potassium in the metabolism.

In passing, it should be pointed out that, while a certain amount of sugar
is undoubtedly employed as a source of yeast tood, this amount is small com-
pared with the total amount used up in fermentation and it wounld seem that
the yeasts derive energy rather than food trom sugars. This was frst in
dicated by Pasteur, in 1861, when he showed that the production of one part
of yeast required 176 parts ot sugar under anaerobic conditions but Aonly N
parts under normal aerobic conditions. Considering the eunergy rela.uons of
the overall fermentation reaction and that involving complete oxidation

CgH 405 = 2 Ctig CHYOH + 2 COy + 8T BThU

Cetl190g + 120 = 6 COy + 8 H,0 + 267t B.Th. U.
v here the tigures rvepresent the total theoretical energy liberatad when one
pram mole of hexose 8 decomposed, the ratio of energy liberated under aerobic

Lerobie conditions is approximately 30 L while the quantities of hexose

Bl a1 of unit quantity of yeast under the same conditions

involved in the production

are in the ratio ot 10 22
Remembering that a cert

food, the reasouably close agre

ain amount ot sugar will be used up as yeast
oment would indicate that, as suggested. the
ast cells derive energy rather than tood trom the decomposition of sugars,
ymb" ocess under wuaerobic conditions may be regarded as respiration
ith “:;‘ l'x:mnimrhml growth whereas, under weroble conditions, propagation
101 n ’ oee
twwrurz4 wul{ vary considerable cell growth and multiplication.

e, Biioct of Metubolle Products,

! yeasts ;
U oducts of metabolism o 0
n|utn.h!t‘x‘l.lull)xllmumt iy also cnuse the tormation of involution forms which are

S s ol waste
usually associated with old cultures where there are accumulation

hr . ‘
l “‘t‘li(:::«- the composition of the substrate will chan(gleclgcstp;;llis; ;lt‘)l\?iot\(x)s léltliill:.
sution of ‘(ood materials and accumulation ot waste products,
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it will be impossible to maintain yeast cells on what might be termeq a con
stant diet under normal conditions of fermentation and, after some time, th(;
growth of yeast will slow down and finally cease. This is, probably, due
more to the accumulation of waste products than to a lack of sufficient
nutrients. but the effect of different waste materials is by no means the same
The accelezated rate of growth caused by aeration of the substrate is 1)1'01):11)1\;
due to the removal or dilution of waste products in the immediate vicinity o'f
the cells rather than to facilitation of absorption of food materials. These
factors have been taken into account in the continuous fermentation Process
proposed by Bilford et al (13) wherein the concentrations of nutrients and
of waste products are kept constant and agitation is effected by means of
carbon dioxide.

The inhibitory effect of alcohol is well known and has a direct bearing on
rum and alcohol production though it is by no means certain that the con.
centration of alcohol in the wash is the limiting factor in the inhibition of
veast growth. The degree of inhibition of the higher alcohols is more markeq
than that of ethyl alcohol and appears to depend on the position of the
alcohol in the homologous series. Segal (14) gives the following percentages
of alcohols as completely inhibiting alcoholic fermentation (and also yeast
growth).

Ethyl alcohol 12.0 per cent
Propyl alcohol 3.4 2
Butyl alcohol 15 7 v
Iso-amyl alcohol 06 24
Fusel oils 0.8 7 v

The degree of inhibition of other metabolic products does not seem to
have been investigated at any length, but there can be little doubt that this
phenomenon does occur.

Yeasts however. can be acclimatised to greater concentrations of various
substances as is instanced by the fermentation of washes set at high Brix
which. with the ordinary strains of yeasts, would only be partially fermented
(15). Actually. the process of acclimatisation consists of the selection of the
very small proportion of cells which have the desired properties and their
propagation at the expense of the remainder.

Next to alcohol. the organic acids constitute the most important com-
ponents of rum and they are found in the final product not only in the free
state but also combined with aicohols as esters. Of the free acids, some
97-98 per cent is acetic acid. the remainder being about 1 per cent butyric

acid together with traces of formic, caproic, pelargonic, capric and other
aliphatic acids.

There are three methods in which the acids may be produced; first, by
the direct fermentation of sugars hy means of bacteria; second by the bac-
terial oxidation of the products of alcoholic fermentation and third, by the
de-amination of amino acids, probably brought ahout by enzymatic action.

In the case of acetic acid, it is probable that the greater part is formed
by the oxidation of alcohol hy acetic acid bacteria although organisms are
known which can produce acetic acid directly from sugars as is evidenced
by the souring of cane juice under anaerobhic conditions. Acetic acid ba¢
teria of which there are many known varieties, (e.g. B. aceti, etc.) work
under aerobic conditions and, in this reaction

CH 3CH2 OH + 2 0 = CH3 COOH + HgO -+ 456 B.Th.U.
Alcohol Acetic acid

100 parts of alcohol yield 130 parts of acid. In practice, the yield is DI"ObaI.’ly
much lower due to a certain amount of complete oxidation to carhon dioxide
and water, but it is obvious that, for every 100 parts of acetic acid produced:
_the‘yleld of alcohol will be reduced by a minimum of 77 parts. 'I‘his'Wm'
be independent of the method by which the acid is produced, that is, elth,m
mter'nally in thf: wash or externally and added at some later stage of p.l‘])‘
duction, and will help to explain why it is impossible to obtain a hish

efficiency in rum production when tk i i tential
) hat effi 3 »d on po
aloohg] prodirction. efficiency is calculated )y

The greater the increase in acidity hetween live and
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dead wash, the greater the g
the lower the yield of alcohol

In adventitious fermentation
In ad ' : 8 such as are general in i i
acetlr(, .a‘ud });}cter{a are usually present in the wash ftlar tJl;lg]alcad S“f'ﬁment
the ‘.?1(trem}1red‘ in t}1e production of the lighter rums, but itme;o e
mm.my O prepare acid externally in the case of the Heavier o A
there would seem to be no fixed practice for this ¥
It seems likely that butyric acid i »

§ 7 ic 2 is formed by the direct i .
menitl,;:lt[;grta()lfts;gars b{) bacteria, the Clostridia, of which these zi)t;i?g:?;cfcf:;l
an . roup, being part of the i
S Do ot Balip normal floro of molasses, entering

bout the cane roots. Arr 5, 17 i
B . 3 2 L9 oyo (16, 1 i =
vestigated the formation of butyric acid and has isglate(l an‘ )orxéfni]slrln

wp]ch can yield some 45 per cent of butyric acid on sugar converted together
with hyd.rogen and carbon dioxide. Such active bacteria are not normally
present in wash but Arroyo quotes Buchner and Meisenheimer's figures for
B. butyricus Fritz which produced the following amounts of various pro-
ducts per 100 parts of sugar. i

Butyric acid

61

mount of acid w

hich h
and therefore of rum. as been produced, and

; » i 26.0
Acetic acid e - 75
Formic acid - _— 2.4
Lactic acid . — 10.0
Ethyl alecohol . . ” 2.8
Butyl alcohol - 0.7
Hydrogen ww e 1.6

The optimum pH for the formation of butyric acid appears to be
between 7.0 and 7.2 which is well outside the range of normal wash acidities
so that the percentage of butyric acid present in the wash will, most prob-
ably, be very low. The direct formation of butyric acid from hexose is
represented by

CgH1p0g = CH3 CH, CH, COOH + 2 Hz 4+ 2 COg
the hydrogen being assimilated, but it is highly improbable that the re-
action takes place along such simple lines, particularly in view of the figures
quoted aboye. Butyric acid is a yeast poison but, in the an.all qun:mities
present, it is not likely to have more than a slight _retardmg_' act_mn on
fermentation. Moreover, Arroyo (8) reports th.at cert:am butyrie a_c1d bac-
teria (Clostridium saccharo butyricum Arroyo in pz_lrncular) can live sym-
hiotically with yeasts, especially those of the flss'xon type. T.he effect of
the bacteria is to accelerate the rate of fermentation al}d to improve t}xe
quality and aging properties of the rum Aproducgd. Since the benﬂeﬁcml
effect can be exerted through quartz, it is canIde}‘ed probable that the
bacteria produce radiant energy capable of stimulating ‘the yeast cglls tg
a very rapid rate of multiplication. (1'.‘&)~ In the pro_ducn‘on of bu.tync‘.atc)}
from molasses small amounts of caproic apd capric a‘clds are mv?%ibly
produced and the traces of esters of these acids present in 1runf1 are ({no t‘y
derived from this source. These acids are most pro?aby ormed as the
l'c:sult of degradation of proteins present in the ba(:term -
This process of degradation is also re;ponsn})le for the product_mn
her higher acids found in rum, proteins being decomposed to yield
of ;]:((; 30;1:12 whbi'ch are reduced with the liberation of ammonia, this being
;:slailmllnted by both yeasts and bacteria -
RCHNHy COOH + 2H = RCHp COOH + RNH3

idised, as in the case of glutamic acid, which particular substance yields
‘ 1 : o . 3
2:10(2');11110 ‘w,m an inevitable product of alcoholic fermentation.

G OH
CHy. COOH CFZCO
1+ 20 = i
CHoCOOH
CHy CHNHg2 COOH 4+ Coy
Glutamic acid 1+ NHjg
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The acids generally found in rum, either in the free state or as esters

are
Acid Formula B.P
Formic H.COOH 101°
Acetic CHg COOH 118°
Butyric CH3 CHp CHy COOH 162°
Valeric CHg, (CHQ‘) g COOH 185°
Caproic (CH3 . 2 CH. CH, CH, COOH 200°
Heptylic CHz (CHp ) 5 COOH 223°
Caprylic (Hy (CHy ) g COOH 36°
Pelargonic CH; (CHz ) 7 COOH 186° @ 100 mm.
Capric CH3 (CHy ) g COOH 268°

The majority of these acids are to be found in traces in rum, ang
in view of their high boiling points as compared with alcohol (78“0‘) ar,
probably distilled in steam towards the end of the distillation, They éhbu]de
therefore, be more concentrated in the retort lees, a fact which is bOrné
out by the use of these lees for the preparation of ‘lime salts’ used in the
preparation of ‘high ether’ rums.

The presence of esters, or ‘ethers’ as they are usually termed in Jamaica
in rum has already been indicated when discussing the acids, from which the§
are formed by combination with alcohols with the elimination of water

€Hg CH9OH + CHyz COOH = CH3 CH,00C.CH3 -+ Hjy0
Ethyl alcohol Acetic acid Ethyl acetate

The ester content has come to be regarded as the criterio ity i
a rum and, although it is not the essential factor in determinin;1 i(fi: gl‘::i;tgtelﬁ
istics, there is a definite trend showing increase in other constituents with
increase in esters, so that there is a real basis for a system of classification
of rum types according to their ester content. With regard to the four main
types, the ester content is usually given as

Common Clean 80 — 150 parts per 100,000 alcohol
Plummer 150 200 do.
Wedderburn 200 300 do.
Flavoured 700 1600 do.

The reaction involving the formation of esters from ids 1
reversible and should be written alcohols and aclds s

. Alcohol + Acid f Ester 4+ Water
equilibrium being established when the two o i i ificati
b pposing reactions, esterification
of the alcohol and saponification of the ester, attain the same velocity.
Applying the Law of Mass Action, at equilibrium
Concentration of Ester X Concentration of Water

= K
Concentration of Alcohol X Concentration of acid

where K is the E i
e iCie. Equilibrium Constant and concentrations are expressed as

™ot ormuta 1 18 oSl to calnlte he amount of estor G
acid are known quilibrium if the initial concentrations of alcohol and

H a

- f gl’l,l. molefular concentration of alcohol at start
] . ” " ” acid at start
" ester at equilibrium
then x2/ @—3%x) h—x) = K
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Ethyl acetate comprises more than 98 -
jn rum, ethyl h}ltyl‘ﬂtf‘ about 1 per cent arr)nedl ;efrlltix%;l;eoﬁom ;sters g
remainder. Tt is probable that the greater part of the ester?% el‘: %sters -
is formed b){ direct esterification of the alcohol produced by fen s te.r o
micro-organisms are known which are capable of the produé—(n'wnmm)n s
directly from sugars. One of these organisms was isolated Lon F(’Jf i
Deerr (18). and produced over 7000 parts of esters per 100 0)(;0 eC]f ‘and
alcohol while an even more active organism was isolated by Asﬁby (})gc”scito)f

in Jamaica. These organisms are apparently non-spori
A 5 A -sporin
an important part in the production of high ester rul:ns. & Torilas and play

Since most of the esters are produced by direc { Faci 4 1 .
that the acid content of the dead wash will};e aeccfnii:{ilrf\igcafzﬁ?o:.t i‘: SPV‘OUS
duction. of esters in the rum and, in general, the higher the acidit; ;’f pt‘i&
wash, the greater the amount of esters formed. Hence the yis-ld ofy alcoh:ﬁ
will be decreased as the esters increase since sugars will be used up in the
formation of those acids necessary for their production and the higher con-
centration of acids in the wash will also tend to inhibit the process of fer-
mentation to some degree. Therefore, from an economic standpoint, an i‘n-
crease in esters will mean an increase in cost because (i.) more molasses will
be required to produce each gallon of rum, and (ii) the production will be
slower in that each still will yield less rum. A reduction of 2 per cent in
overall efficiency due to increased acid production would mean an increase of
approximately 4 per cent in the amount of molasses required per gallon of
rum under normal Jamaican conditions of efficiency, while a drop from 100

gallons per still to 95 gallons would increase the cost of production by 5
per cent.

Although it is improbable that equilibrium, as expressed by the equation
quoted, is ever attained, due to the hydrolysis of the esters by enzymes
(esterases) and to the relative short time for which the wash is kept before
distillation, it is of value to calculate the theoretical amounts of esters which
would be formed under varying conditions of concentration of aleohol and
acid. The tendency of the ester content to increase with increasing acid and
constant alcohol concentrations is illustrated by the following figures which
relate to a wash containing 5 per cent alcohol and 82 per cent water, the acid
content varying from 0.5 to 1.5 per cent expressed as acetic acid.

Concentration Concentration Concentration
of acid of acid gm. mol. of ester gm. mol:
0.5 0.0083 0.000875
0.75 0.0125 0.001125
1.00 0.0167 0.001600
1.25 0.0208 0.002082
1.50 0.0250 0.002375

hese figures would represent a range of some 1500 to 4000 parts of ester
per ’11‘00,000 garts of alcohol in wash, figures very much h\ghe'r than thoseq?or
the rums which would be produced from su?h \\'.ashes. Since the bmhmlg
points of ethyl acetate and alcohol are almost identical. p?qctlca'llyﬁt‘he wt o'te
of the ester will distill with the r\m\.and. moreover, conditions ;r‘-x‘ g e re‘f:;i:
are such that they favour the formation of additional esters so | atha I‘cem o
amount of the esters in rum must be the result of esterlﬁc.atlar‘\ mv 13 i: vler‘
Hence it is probable that the amount of esters Ioru&eg mf 2 (:e:-‘easi 3 daery_
mﬁcﬁ gmaller than the calculated figure and it woul t\_e o 'mht A

i tual ester content of dead wash although ‘t is mig s th

e t.h‘e 2 ‘0‘ odure. It must be pointed out tha‘t..he' total acidity of the
e ety tcrLé )res.ent the acid available for esterification, both becau;e ac.]-ill
Taih does g?iel t‘o the wash in the form of dunder and becz.iuse_all t e a:‘x
h‘n.sdbe.m:] nduri(ng fenﬁeutation is not acetic or b“tync'acigdélg?:étlix::gaci‘;
2::{\S‘;erue“mge of essential higher acids formed), but inc s s

ete. o i . . i i
e production of i esters by the s S POTLLE o ecrion,
’ ilibri an be shifted by the re 4 ¢ iy
}:0\tl\§1slep?~gzél;;)":\‘I.lci(\‘lm salts of the acids from retort lees are treated
) . ca
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sulphuric acid in the presence of alcohol (high wines) and the mixture of
acids, after precipitation of calcium sulphate, used in the high wine I'etox?t
The concentrations of alcohol and acid as compared with that of water wil]
be enhanced by the removal of this latter constituent by the excess sulphuric
acid and the degree of esterification will be greatly increased.

When strong rum is broken down with water, the equilibrium is disturbeq
and the reaction from right to left, that is, saponification of the ester ig
accelerated. Hence the ester content of freshly diluted rum is invariamy
lower than that of the original strong rum and Arroyo (19) stateg that g
period of from six to twelve months may elapse before equilibrium is re.
established. He also suggested the use of pre-treated aqueous alcohol for
breaking down rum.

It has long been recognised that certain rums, on aging wil] decrease
in ester content while others exhibit the opposite phenomenon. Analyses of
these rums will show that these changes are due, for the most part, to the
gradual establishment of equilibrium, the rise or fall of ester content depend-
ing on whether there is an excess or deficit of ester compared with the amount
demanded by the equilibrium equation.

In addition to ethyl alcohol, rum contains varying amounts of higher
aliphatic alcohols including n-propyl, n-butyl, iso-butyl, active and inactive
amyl and traces of higher members of the series. These are generally con-
sidered to add body to the rum and the amounts present increase with the
degree of heaviness of the rum. The toxicity of these alcohols is such that it
has been stated that the after effects of over indulgence in rum are due to
them, their rate of decomposition or expulsion from the system being very
much slower than in the case of ethyl alcohol, but it has been suggested that
the esters are equally responsible for such effects.

It has already been indicated that the de-amination of amino-acids is a
possible mode of formation of these higher alcohols and there seems little
reason to doubt that the amyl alcohols, which comprise the greater part of
these substances, are produced in this manner.

(CH3)2 CH.; CHNH,; COOH + Ho0 = (CH3)2 CH:CH2CH ».0H
Leucine iso-Butyl carbinol
+ NH3 + CO,

These amyl alcohols. which are known as fusel oils, ma: herefor
regarded as degradation products of yeast proteins. The’ pri;’cyi;a]e seosrgé ]3)(;
suc—p'substances must be the dunder which will contain products of decom-
position of yeasts in addition to dead yeast cells and it would be interesting
to compare the higher alcohol content of rums prepared with ordinary dunder
and with dunder from which all yeast cells had been separated.

dem;l;il; g:a;ﬁ reasoztl for the productiog of these compounds is the nitrogen
o reoaic ;hyeas cells, the ammonia produced heing easily and readily
results in the rze)dusi-m ammonium sulphate, as practised in other countries,
loes Rign iy .Il’amal,]ii lon of rums in which the higher alcohol content is much
ammonia in simple f\ a rums, this being due to the preferential agsimilation of
-simple form ang the suppression of the process of de-amination.

duceghsyt:i?fiiggclt)r? Pyl and butyl alcohols present are most probably pro-
Tk afbribured the s ermentation of sugars by bacteria and Allen (loc. cit.)
which he isolated fOl’matiOn of butyl alcohol to the presence of B. mesentericus
group of bacteri rom the wash, According to QOwen (20) the Mesentericus

acteria are invariably present in final molagses. Arroyo (16, 21)

butyl alcohol, butyric acid and acet

since no traces of aceto
ol s diox;:lz h:;::ie :een reported in rum, this substance must be
fn rum production,

Th
tation ;als)r;ilexrcltl;nenotti acetaldehyde as ap intermediate in alcoholic fermen-
substance in rum a1gh oned already and this is probably the source of this
ough it might be produced by the oxidation of alcohol

CHS'?HIfOH + 0 = cH,cHO + Hz0
alcohol acetaldehyde
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Traces of formaldehyde and of formic aciq are

of hexoses on which the 5 and ¢ ositi g
periodates (28) ). Dpositions are un

pentoses which either enter With the mol
of the yeast nucleic acids, of which d-rip
of pentose in acid solution results in th
and cyclisation of the remainder of the
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probaihly formed by oxidation
substituted (cf. oxidation with

The small amounts of furfy
s ral always found i
S 0 rum are produced from

assgs or are produced hy degradation
0se is a component part. Distillation
€ removal of three molecules of water
molecule to furfural,

o | —CH CH HC

+ 3 Hy;0

Pentose Furfural

In addition to the identified constituents there are always present certain
unidentified substances which, although they are to be found in minute traces,
serve to characterise the rum. Greg (loc. cit.) isolated a substance from dunder
by extraction with petroleum ether which appears to be responsible in part
al least for-the characteristic odour of rum. This substance was also investi-
gated by Micko (22) who suggested that it might be related to the terpenes.
It is probably identical with the rum oil of Arroyo (23). This latter author
considers that ‘rum oil’ is the essence of all aroma in rum and, though its
constitution is unknown, it would appear that the amount present depends on
the type of yeast employed for the fermentation, fission yeasts being parti-
cularly effective in this respect. Since the rum oil has a high boiling pou}t,
the higher temperatures attained in a pot still towards the end of the dis-
tillation are more favourable to its distilling over than the steady .lower temp-
eratures existing in a continuous still and, unless a very.eﬁectxve.yeast is
employed it is possible that the prospects of making Jamaica rum in a con-

tinuous still may be remote.

With regard to the aroma, there can be little doubt th:}t the esters, more
particularly ethyl butyrate and the higher esters, play an 1fnportant pa}‘t, It
has been suggested that the more volatile ethyl acet_ate serves as a vehlcle. to
convey them to the nose, but Cousins (Io_c. Clt.‘) claln}s th.a} the actfentuauon
of aroma on dilution is due to a reduction of the volatility of the acetate,
making the effect of the higher esters more pronounced. Tl_le developTent
of those substances responsible for the aroma aufi fla\four of rum hals ] eﬁn
attributed to numerous causes. Greg (loc. cit.) was of the ogltmon f;d t g
type of yeast used was the main factor wheregs A%len (loc.. cil .l) considere:
that a combination of fission yeasts and butyric acid bacten;. D akylv.ed aiv;;ry
important part. This latter view is supported by Arroyo an bm thls 'c:)p n or;
75 per cent of the aroma is contro!led during fermentation by I—? ype 01
a 1 bacteria used, together with correct temperat}lrg an‘d D cont_ro ”
yc,ust‘ nmlning; 25 per cent may be attributed to proper dlStllIatl.On. and aging.
The}t?m‘}eq the“deslrability of centrifuging the wash prior to d_lsnllatlon, the
it l'elm,o‘f pectins, albuminoids, etc. preventing the fon;natlon of an un-
s Fames .oma. The type of fermentation appears to be of importance, Asl}by
plaasnl}t z bs‘el"ving that a slow fermentation with a top-fermenting fission
“(-)C.t mt.gegtmted the production of high esters and googl flavour. Kayser
oy :t):(‘teg (1;r1t with spontaneous uncontrolled fermentation the esters ar}d
\(rill*::tisle‘lau'ids :‘n'e higher but the higher alcohols lower than when using steril-
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=
ised material and pure cultures of fission yeasts. In the case of flavoureq
rums the Torulae probably play an important part by the direct production 6:
esters from sugars.

It will be seen from the foregoing survey that it is not possible to pro.
duce rum without the utilisation of a proportion of the sugars for the pro-
duction of constituents other than alcohol. Hence any increase in these cor.
stituents will mean a decreased yield of rum. Some idea of the losses ip.
herent to the production of Jamaica rum is given by Floro (25) who considerg
that an efficiency of 70 per cent of the theoretical yield of alcohol woulq be
very good in a Jamaican distillery. He points out that the losses wij] be
least for the lightest rums and will increase with increasing heaviness,

In view of the much better yields which are possible with pure culture
fermentation. it might be thought that some progress in this direction would
have been made but it must be remembered that various marks are standard-
ised with regard to quality and the manufacturer is very chary of doing any-
thing which, while it would increase his yield, might cause deterioration in
quality. There is little doubt that it would be possible to employ modern
methods of fermentation with pure yeast and bacteria cultures and tempera-
ture and pH control, for the production of Jamaica rum and to manufacture
all but the hearviest types of rum in a continuous still, but a considerable
amount of research and experimental work on a semi-industrial scale would
be necessary before such methods could be applied in Jamaica on a commer-
cial scale. Under the present haphazard system of spontaneous fermentation
as practiced here the type of rum must depend very largely on the conditions
obtaining in the distillery and this has given rise to the belief that any parti-
cular mark of rum can be produced in one particular distillery only. As
already mentioned, this has been shown to be a fallacy, several distinct marks
having been made in one distillery. but, so long as conditions in the distilleries
remain unchanged. environment will be an essential factor in the production
of Jamaica rum. The pronouncements of the Sugar Industry Commission
(loc. cit.) are particularly illuminating in this respett and there can be no
doubt that, if progress is to be made in the Industry, some attempt must be
made to set it on a scientific basis. A start has heen made in the right direc-
tion with the institution of chemical control in the distilleries and this will
bring home the extremely low efficiency of production, but it will be necessary
to go much further and to set up a research scheme, preferably under the
aegis of the Sugar Manufacturers’ Association whereby all knowledge may
be pooled, hefore any real progress can be made towards the realisation of a
really efficient rum industry in Jamaica. In particular, isolation in pure cul-
ture of all useful micro-organisms in distilleries and examination of their
properties and productive potentialities, investigation of the relation between
the relative proportions of constituents in wash and the composition and
quality of the rum produced from that wash, and of the means of production
of the requisite quantities of those constituents in the wasgh by the use of pure
cultures, all require attention. The possibility of employing a process of
continuous fermentation and of distillation in continuous stills should also be
investigated while there are numerous other problems which will have to be
solved and the results applied in practice before rum manufacture in Jamaica
can be termed a ‘scientific industry’. In view of all this, the logical step
would be the acquisition of a first class hio-chemist with experience in fer-
mentation processes so that any scheme which might he evolved would be

certain to start along the right lines for, under present conditions, the chemists
in the Island have neither the time nor (as they will be the first to acknowl-
edge) the necessary experience to carry any such scheme to a successful con
clusion and this proposition should, therefore, receive the earnest considerd-

tion of all who are interested in the further progress of the rum industry i
Jamaica.
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T \
DISCUSSION.

Mr. Williams, Chairman, complimented Mr. McFarlane on the
detailed treatment of his subject. The paper was then declareq
discussion.

able apq
open fop

Mr. Springer said he had seen top fermenting yeast only once, ip Jamaj

He did not agree that alcohol fermentation was an anaerobic pyo('essam{a.
Martinique, 1. A. Pairault had claimed a 30% increase in recovery by 'l'm "
pure yeast culture in a pilot plant, and stated that the rum produceq was ngf
good quality. The temperature of 27°C. mentioned by Arroyo might sloo
down fermentation and involve increasing vat capacities. In Guadelouzv
yeasts were stored successfully in a substrate of pH 2.5 to 2 for periodspof
6 months

Mr. McFarlane replied that in Jamaica he had seen mixture of top ang
bottom yeasts. In regard to temperatures, Arroyo had said that at 27° C. he
had obtained a better rum. '

Mr. Floro complimented the author on his paper. He said there was
still a lot to be done in Jamaica on the multiplication of yeast, and particularly
in relation to carbohydrate requirements.

Mr. Schonbeek asked what was the advantage of using pure yeast culture
in rum production and also asked whether the culture could be kept pyre
under such conditions as at present existed in commercial distilleries in the
Island.

Mr. McFarlane doubted whether the culture could be kept pure under
present Jamaica conditions. The present aim should be to obtain predomi.
nance of the most desirable strains.

Referring to organisms yielding exceptionally high esters Mr. Smedmore
pointed out that one such organism had been identified in a distillery making
bigh ether rum.

Mr. J. G. Davies asked whether in view of the effect of temperature,
Worthy Park rum was considered to be of better quality than other common
clean rums. He inquired whether there were any figures available of the
fusel oil content of rum made from dunder from which all yeast had been
separated. Mr. McFarlane doubted that the relatively slight difference in
temperature at Worthy Park would have any significant effect. He was not
aware of any data of the type mentioned.

Mr. Floro asked whether the Chairman would contribute to the discussion
in view of his experience of Food Yeast Production and the investigations he
had recently been undertaking at the Gray’s Inn distillery.

Mr. Williams said he had isolated 6-7 yeasts from Gray’s inn wash. In
the laboratory, one or two had yielded a 92-93% conversion of sugars.
Particular yeasts had specific types of fermentation and their products were
specific.

Mr. Whitaker congratulated the author on his paper. He informed the
meeting that the S.M.A., had under active consideration the appointment of a
fermentation chemist to conduct investigations into the production of Jamaica
rum.

Mr. MacDonald proposed a vote of thanks which Mr. J. G. Davies seconded,



