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Volum e IX Nos_ ITT, IV. 

l'a g·e 7, se1'e11 fh 11arugraph - la st lin P - to rea d.:-
"These canals dra in either into bayous or nearby swamps_ 

l'age 17, fa st line - to rea d:-
"fi elds" instead of "yields_" 

Page 2-J, third paragraph - seconil line - to read:-
"non e of the sections was" instea d of "none of the sections were_" 

l'age 2-J, seventll 1mragraph - fi rs t. line - to reail :-
" 8 20-ton" instead of " 8 to 20 ton' a n d "2 3- ton - instead t.f 
' '2 to 3-ton". 

Page 26, eighth paragraph - fast linP - to read:-
"are" instead of " is". 

Page 34, paragra1ih (ii) - to read:-
"steam" instead of "s teel. ' 

Page 38, second paragraph - to rea1l :-
"150-0 % " instead of "15-0%"-

Page 44, sernnth paragraph - to reatl :-
(" See Page 32" ) instead of ("See Page 

Page 44, tentll parag·raph - to read:-
" C0 2 " instead of "Co"_ 

Page 48, 11a1·agl'nJ)l1 A - fast .line - to re11,l:-
"maximnm " instead of "minimum' . 

l':ig·c• 81, lhh·,1 1m1·ng-rn11h - fourth Uue :-
Dele te l'onrth line comple tely a nd substitute - "or second class 
lnud untl e r nntn rn l conditions nud it h ad been found necessary." 
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Volume IX Nos Ill , IV. 

I>ng·e 7, stn·eu1h pnrn~rnph - 1ast, lin e - to rc:ul :-
"These canals drain either into bayo us or n earby swamps. 

Page 17, la st line - to ren•l:-
"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 Jlaragraph - first line - to rea•l :-
" 8 20-ton" instead of " 8 to 20 ton' and " 2 3-ton" instead of 
"2 to 3-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 

Pa.ge 44, tenth paragraph - to read:-
"CO 2" instead of "Co". 

) 

Page 48, l)aragra1,1t A - last line - to reatl :-
''maxim um" instead of "minimum' . 

Page 81, third paragra1lh - fou1·th line:-
Delete fourth line completely and substitute - "or second class 
land under natural conditions and it had been found necessary." 
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severing their conneciions -with the Industry and, whil~-~e -~-isi; -tvll ~••v •• 
· h · h f t· ·t· em " m t e1r new sp , ere o ac 1v1 ies, we also hope that their knowl d , 
experience will be at our disposal even tho»~ev will no lm, P~A , ~~"'( 
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- VF.RY OP RUM VAT YEAST AT USTNE STK ~rAm~U '. l NE, 'fHI N[)) J\l). 
G. SWliJYN SK INNRR, Chief ChcmiRt & Snpt. ~tan ufnc tu re , 

Orny 'R lnn Centra l Factory, 

(Mr. G. T . Mncdonnld In the r hnl r) 

ln prosontin~ thi s pa\rnr I wonlcl l\ke to emphasize th at the recovery or 
Rnll'I, Vnt YoRst a t Ste. Mndel eh_1e Cnctory, Tl'inldnd , Is Rtl ll in the exper imental 
stflg;e and th~ app:.un.tu R n st>d l R necesRar lly of a make-shirt na ture. Efficient 
s(' parntion of the yeiuit 1n1d t h o ~H10 of drum driers are under consi<.leration 
pending the n~~nlts ~f fe:'dln g tna ls and of improvements in ferm enting and 
distillery techmque gen ernlly. 

T~1e vafll
1
1~ 

1
of t~1et !eastdfro

1
1tn t~e ferm enting vats at Ste. Madeleine as a 

materrnl o 11g 1 PIO em an v amm content had been realised for so·m _ . b t . tt e con siderable tune, u no senous a empt had been made to recover the yeast 
until 1944. 

Du~·ing that year s~udge_ was collected and th ickened in a 30'' centrifugal 
using filter cloth as a hn~r m place of the _us t~al copper mesh used for sugar. 
The yeast was washed fairly fr ee from acid m the cent rifugal and dried on 
woode!1 trays in t~e sun. This ~ried yeast was ground in the laboratory, using 
the soil sample mill , and stored m 100-lb. sugar bags using waxed paper liners. 

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

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 star t-
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 lbs. 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 wer e 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 :-
Ueavy sludge 'from the vat bottoms is placed in a 45-gal~on 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 ½" feed pipe. Appro~im~tely 
30 gallons of heavy sludge are used fo1: each charge and. the drum 1s filled 
twice , using 15 gallons of sludge each time. . 

As soon as the machine is up to spe~d the feed vfalfved1_s ~penedt and1d thb~ 
dil t d t in by gravity. 'l'he optmrnm rate o ee mg ~~as ~m ) 

. u e yeas run ·t t 1 2 ') & 4 counting from below are tilled m turn . 
tnal. The compa1 men s ' ' "rrom the top of the basket. This liquid is 
the liquid finally overflowi ingi the ordina ry way and runs to waste through 
caught by the monitor cas ng n 
the molasses outlet. fl th feed is stopped and the yeast 

h ast starts to over ow e . . When eavy ye . ,111 of the basket. Befo re stoppmg, a further 
allowed to comp~ct agamst the w, d to ensure that the basket is properly full. 
addition of the dilute sludge is ma e 1 t d this is of course unnecessary. The 
If the feeding has been properly re~u a s~nall wooden palettes. lt is now in a 
yeast is then extracted by han_d usm: ip into small pieces and placed on 
stiff putty-like condition. It 18 bro en t 
wooden trays in the sun to dry. 
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METHODS OF SPEEDTNG TTP DISTILLERY OPER,,\'rJONs 

FLORO . B.Sc .. Chief Chem ist. "\Vest Indies Sngar Co., Ltd · F · :u. B. ·, 101ne : 
(Mr. H. B. Springer in the Chair) . 

B oadly i,peaking the capaci ty of a Distillery in t erm s of Gallons Proof 
R u.m ~ulput per 24 hour s will depend o'.1 :- . . 

1. Design of Distillery - that 1s r e(a_tions lup between F erm enting, 
Distillillg and Rum Storage Capacities . 

2_ Types and Design of Equipment. 
3_ Types of Rum produred. 

It is possible in building a new distillery. to mak e a very close study 
d the above factors and inc?rporate all. the des1rabl_e feature~ Which Wi ll en. 
~ure the attainment of ma:ximum capa city and efficiency dunng operation. 

In the cases of distilleries that a r e already in exis~ence, and which the 
abnormal war conditions found 111 prepa red to cope With : 

ra ) unpreceden t ed demand for Rum a nd Alcohol , 
, b) inability to obtain n ew and r eplacement equ ipment, a nd 
re l constantly risin g fuel and labour costs, 

the main problem for the last fi,·e c rops has been to find ways a nu m eans or 
!ncreasing distiilery producth·e ca pacity by minor additions and altera tions 
in equipmen t . and €light modifications iu operating tech niqu e. The improve. 
m<> nts in dietillery performance which can be accomplished a long such lin es will be su rprii-ing to many. 

It is the a im of th is paper to indicate the gene ral direct ion on which 
nar tlcula r ca re and attention can be focused to h elp s peed up di s till ery opera. 
tions. Wbfle the points which w ill be presented may a lready be familiar 
tr, the m(-mbers of this Association, neYerthe less , they a r e of enou gh im-
portan c-e to he a~ain ;,ired. even if only for the purpose of reminding us not 
to overl0<,k th,: .. liule things' · in q uest fo r higher ca pacitie s and efficiencies in 
the pr<>sent d i~ t illeries. It may al so be true that conditions wi ll va ry in dif· 
ftrent distilleri es, but it w!J] be found that the possibl e sources of improve. 
m,.r,ts listed below will be gen<::rally applicable to a ll exis tin g di stilleries . 

A. JfaJnt1-nsnCf- of f: quipmf'nf :- It is rather su rpris in g how mu ch 
impn,\·ement <:an he done by the judicioui; expend iture of money for 
rr,p~irs and general main tenan<.:r; of di s tilh,ry equipment durin g th e 11011-
up<: rat!ng period . In Mme cai=,ef , possible sou r<:ei; of h o ld -ups may even be 
~nticl,,~ted anti remedied on tbe spot. It is in thi f! particu lar direc ti on th a t 
those who r;ontroJ thE: purse--£trlngs of the Industry <:an he prm ny-wisc an d 
po11ntl-foolleh. To a very great extent, the economics of a dh;t illery 's opera-
tir, nh ;, r i, closely hound With what r,Qrtir,n of its tota l output i H produced !lurin g 
the Hugar cropping period. Th ill If! 1inde r1;tandahle, i;inr:,~ in prar:tieall y a ll cases 
th1, dh1till ery depends on the !ar;to ry for steam and pr,wer. Brr1:d1dr, wn H and 
h<,! rl -u r, fi lh'!r1:fore, whi(;h eouJd have h<,-en avoided t,y r,rop ,,r ,,ff.i;,,:rnon ma !n -
1'· nance, he<:<,me very COAt]y in prolon ging off-rH,ason opern.tio,rn . To he a hle 
to h1::p pruducttf)n at minimum HJJeed, equipm ent mu !it he in tir,-top Hli a r,e . 

!3· )Jainfl•n1mcfl ,,r (lnality of Jtaw M11forlal:- fly ra.w rn atml:-t l, I do 
1
]',~ 

r,~rt1cu larly rdcr to th e m,,l aAf;ef! , hut t o th e r~ual!ty /Jf the fi> 1·111 entr,d l! r1
1101 for r.liHtillation . One of th e greatest h 1, lp 11 in n,ainta ln!n g- produetion , iH 10 J, r, 

a.hi~ f.() pro,:ess wash with practi cally con Htant al cohol content in tll c c aHe or 
<lIF. tilli,rJ ,,s 1,rr:ducin g the heavier horli ed rum type. Th e cp wHtion na t 11rally 
arifieK 

8
8 t o wh at the optimum content of th e dead waRh i;h oulc! he in tnrni s 

r,f alcohol or ru m. I make the di sti nction , a lcohol or rum , aH t.he la tt"r s lwulcl 
n,,t only he con ~ld er ed aR a lcohol , but in <:ombin a lion with th<, vol a l il c acidt 
rm

d 
,,

t.h
,, r Hrir:on dary <.:ons tituents, which sets rum apart from rlil11te alcoho · 

Th•,re ha~ h<
1
en agitation lately, on th e basis of Arroyo 's c la im s nn<l r c•s u\l~ 

r,ht:;i n8d in Puerto R_ico, to a im as high as 8%-10% hy vo lum ? of a l_colwiu!'e 
Waf!h. In m y ex perience this is only atta inable by proccss m g willi 1 
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cultures. H ere i~ ,Jamaica und er present di s till ery conditions, an equivalent 
rum content of 6 7a a lcohol by volume ln the wash, will he a good target to 
aim at. The average generally attained la a bout 5% _ 5.50%. To keep a 
reasonably cons_t.a nt a lcohol or r11m content in wash however, is not as easy as 
it a ppears. It mvol ves very close control in th e fermentation house in the following llnes :-

(1) k eeping a goo<! alcohol or rum producing yeast s train ; 
(2) k nowledge of the quality of t.he molasses or other materials for 

k eeping consta nt con centrntion of sugar in th e wash ; 
(3) knowl edge of chemical reaction s favourable for efficient fer-mentation ; 

(4) cleanlin ess a r ound the fermenting house. 

c. i'Uaint.en:mce or Di~till11fio11 Spee1I ancl Efficiency:- Under this head-
ing, phases of the distilling end which may he stndied are :-

(1) Area and disposition of heating surfaces of the still in relation 
to volume capacity, and loading level. In the last report issued 
by the Sugar Technologist of the S.M.A .. his survey shows that 
the sq. ft. of heating surface varies a good deal in stills or the 
same volume capacity, The average at Frome is 8Q sq. ft. for a 
1,500-Gallon Still with average working cycle or 4 hours. One 
point, however, which is a~hered to is to ins~ll the heat!11g 
surfaces with an eye to easier access for cleanmg, by allowmg 
enough room between the still bottom an~ sides. and t_he 
heating coils. It may be pointed out that a big~ l-I.S./ ~a~a~1ty 
ratio will only help in speeding the first step m the d1st11lmg 
cycle - that is bringing the wash to boil. 

(2) Raising the Temperature of the incoming Wash: This has ~! -
ready been elaborated upon in previous papers presented to this 
body. 

(3) Pre-heating Hig]t Wine & Low Wine Charges !n the Retorts: M. R_e• 
suits obtained at Frome showed that a sav:ng o~ about 8 ,ce/: 
distilling time cycle may be affected at this pomt. 

0 
Temp : 

tures carried are 1400F in High "\Vine Retort and 160 F m Lov. 
Wine Retort. 

(4) Provision for Adeq1111te Ste111~t t~upil~:tu~~:~ 1~~~::a: u!~;i~~; 
steam supply to take_ care o :es onsible for u good dea l ol' 
the distill a tion cycle, is _vrobably .-~ between performances the varia tion observed m a_ compa1 ison 
of pot stills of identical designs. tioo during the different 

An a naly~is o_f the ,.s team co~::ttte maximum demand oc-
stages or. di sL11lat10n _,\ 11 \ ;hi:ling stage. and that the rate of 
cnrs clurmg the h~atmg s twice or more, the average rate for 
consumption then is a lwayte ste~m supply means not only 
the cycle, Thlusf. ·att:q:~erage requirement, but also a reserve adequate supp Y ?1 
fo1• the peak reqmrement. 

f es. Scale if allowed to accumulate 
([i) Cle1111i11g of llNttl_ng ~nr d~wn the .speed of distillation by as 

on the heatl~g coil s r,_u:i i~g coils are installed too clos e_ to the 
m11ch ns 50 /4 • It' htM h rn it will invariably result 111 sc~le 
side or the bottom ~f t e !~el u'ndersicle, or on ~ide next to still 
·u·cumulatlng, elthe1 on t . own effective heatrng surface by a 
• 11 'rhls natnrally cuts d. d boiling with alkali , followed 
WII • We have toun kl brushina hi gh 1iercentage,- • ' . combination with wee Y_ • • "' 
by acicl every 6 weeks i:ase of column stills, bo1l:ng with 
quite effective. In the ks will be found very benefictal. . da every 3 wee 
caustic so ' Th. ·s probably one of the 

• 1 ti Goosenecks: 18 1 k It should be (G) (.'leaning l11s11 e , te f till maintenance wor . 
J;i ost neglec ted phases o s 
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noted that the deposit of sludge by splashing- i s praclif'a lly 
unavoidable, and will vary according t o th e IWO!)OJ lion f 
suspended soli~s )n l~e wash, an~ the r egula tion of s t eam Pre~­
sures during d1 st11l at1011 . The p1 esen ce of s ludge depos its in ­
sid e the goosenecks an d vapour pipe leadin g to th e low w in , 
r etort. has a throttling effect on the vapour lin e w ith r esultin e 
incr ease in va pour velocity . The Suga r T echn ologiBt has aske~ 
me to r efer to th <: effects . of still design . on t ime cye le . with 
pa rticula r emphasis on stil l top, taper pi ece a nd goosc neck s 
lily personal opin ior~ is that ver)'. li ttle if a ny improve ment ca~ 
be made on the design as supplied by th e m ake r s . and if it is 
found necessary to b_uild a pa r t locally , th e orig in a l dim ens ion s 
and shapes should be adhered to . The only a lte ra tion which 
can be suggested is to have the goosenecks a nd s till top in 
fl anged sections to make those pa rts more accessible for clean­
ing and repairs. More than likely the a bsen ce of correla ti on 
between still design and time cycles noted by th e T eehnologist 
is due to the varying stages of interna l cleanliness of th ~ 
goosenecks. It should be of interest to find how m a ny di s til ­
leries include dismantling o! still tops and goosenecks as 
part ot routine crop and out of crop maintena nce . 

( i ) Pro'fision for Sufficient ,apour Outlet l-l1lace in Retort Jnjeetion 
Pipes. Either too small or too big a space sh ould be avoidt>d. 
The ideal condition is to provide a space equivalent to the 
theoretical ,olume of vapour coming through. Thi s h owever , 
will be influenced by the s ize of the charge a nd the design of 
the ret orts themsel,es. We ha ve found it very h elpful , once 
the right size of space has been determined, to keep a constant 
volume of charge for every distillation. 

(8) Insulation of Stm Bodies and Retorts: Aside from the saving 
in steam consumpt ion per proof gallon rum produced, insulat ion 
of the exposed areas of still bodies a n d r etorts m ay account fo r 
a sa,ing in the time cycle of as much as 10 % depending on still 
locations and preYailing outside temperature. 

D. Jlaint.enance of Proper Proetss rontrol :-

Since the organization of the J .A.S .T ., stron g recommenda tion s have 
been made to the distillery owners with r egard to the establishm ent of proper 
c-hemica l cont rol in every Isla nd distill e ry. There is no n ecessity, therefore 
to enlarge further on this subject. rt should be very gratifyi ng to every m em­
ber or this body to observe the resu lts of their efforts and to know that those 
r esponsible for distillery management now fully r ealize that Ch em ical control 
in rum processing is just as usefu l and just as inseparably bound to efficien t 
work as in th e sugar branch of the Industry . 

E. Jiaintenance of Efficient SnpenMon :-

The importance of having an adequate nu mber of e ffici ent a nd well 
remunerated distill ery staff cannot he over emphasized . It is said of th e good 
old days . that wh en distillery book-keepers came to work on Mond a y, t hey 
were more or less prepared for a 6-days st ay . Tha t kind of working condition 
has now no place except in th e mem9ries of ol d-timers like my self. ]' resent 
day distill er s mu st be treated and r emuner a t ed on th e sam e basis as in a ny 
other branch of the Sugar Industry . It is only t hus that a n inter es t ed a nd 
effici ent organization can be built up. 

Before closing it m ay not be out of place here to sound a note of warning 
that, as in the post World War 1 period, there will again be difficult till1 es 
ahead, and the very existence of m a ny of the present distill e ries will depend 

un how economically a gallon of proof rum can be produced , or in other '-" 0rds, 
up to what state of efficiency and productivity they can be develop ed. It iA ll1Y 
earnest hope tha t this paper will at least serve the purpose of st a rtin g the ])all 
rolling in the direction of higher distillery performa nce. 

~,\fl,-JUNE, 1946 ] 
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The Chnlrman declared th e subject open for discussion. 
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Mr, ,J. G. Davies ask ed if there would be a~y be~efit in a lteri1:g the ratio 
atlng surface of th e top an d bottom still coils. He enquired of the 

of hegth of the so lutions u sed for clea ning. H e quot~d figur es showing that 
stren mas no correlation betw een size of still top and gooseneck and the time 
there " 
cycle. 

Mr, J<'loro thought tha t li t tl~ would be gai_ned . by altering th e_ h .s. ratio . 
b cleaning solution was ca ustic soda a nd tnsod1um phosphate m the pro­

!oretion of 2: 1 and at about 15° Be'. 1 % hydrochloric acid could be used 

Instead. 

1\lr. Henzell asked wh ether softened wat er used for mixing wash would 

help In scale prevention. 

1\lr. Floro replied tha t if the water was orig inally hard, soften ers would 

help. 

]l[r. ,J. G. Da,,ies confirmed this from his observations in Puerto Rico . 

]l[r. Floro described for Mr. Robertson their cleaning procedure. 

Mr Nurse agreed with the author that the cleaning of goodse-nefck~l-~~s 
• • t · t At one factory the goose-necks had been flange to ac1 1 a e 

very 1mpor an . 
this process. 

Mr. Graham felt t~at there mus!r~~ !~1!8:; t~a~eJ~~st!:dt~~;~~~~~~ 
goosenec~ and vapour p~pe, ai:~ wond were a result of trial and error. He 
in designmg shapes or if then product b'g differences between old and new 
also wanted to know if there were any I 

stills. 
. h d ently come to the island 

Mr Floro said that two new stills which aid rec es 
had not shown such favourable time cycles as o er on . 

. . . . eed of boiling was not pre-
Mr. Cutllill asked if the llm1tmg f~~t~f e~n t:~t it was, as far as the still 

vention of entrainment an:d Mr. Fl~;~he tme cycle of large stills_ would va~': 
was concerned. Mr. Cuthill asked I . of preliminary heatmg and dis­
from that of smaller stills apart from time 

~M~~ . 
. de end on whether heating surfaces m a 

l'l[r. Floro replied th~t I! would H: felt that for a la rger still the!·e should 
big still were properly d1stnbut.ed. ·f and theore~ically, the time CJ'.cle 
be correspondingly larger heatm~ s~~a~~~!~, it would be found that the tune 

Id not be longer. However: m 
shou I er for a bigger still. 
cycle was ong . . 1 still was 1500 gallons in capa-

1\lr Nurse said that at Barne~ °:~i~r~;mt~ 2200 gallons. Last c!·op , the~ 
. d a belt was added to ma e ber of loadings was therefore mcrease 

city an O \Ions The num . ed 
loaded tQ only 180 ga . per 14 hours was also mcreas . 

t I output of rum - d' 
hut the to a . Barnett experience was the 1s• 

the reason fo1 the t 
1\[ Floro thought that d its effect on entrainmen . 

r. I ting surface an Id 
tribution of the i ea t they had two stills - an o 

. that at United Esta es, st crop Both were of the 
Mr. Uobinso1! sa\d d been erected after the :~1 took three-qua rters of an 

type and 01~e w~~~~ ;:uons each. The n~::~ ~:d the same heating ~~rf~fl~-
same capacity, the other one . . d exactly from the o s . 
hour Jess per c!Jcllet;!1a!ose-neck had bheen ~~P~:e bottoms o! ~he stillstl ;!~ 
For the new st1 . 0 s in the s ape d smaller than 1a 
The only slight differen:ce w:s a little more . shallow a;ornpensate for th,~t: the 
bottom of the newe1: st1l~:ci been raised a J1ttle. kT~as flanged to fac1!1tate 
the old one, so the s\~~Je flatter . The goosenec 
dome wa s made a 
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. H • quired as to what effect holes in th e vapour pipes to th e 
cleanl.Ilg. Ide hm,,e upon the operation of these s till s . retorts wou a 

Mr, t'loro said that holes in the vapour_ pipes woul_d l ea d to the by-passing 
of y~pours and it would be difficult to obtam the reqmred stren gth or rum. 

:Ur, J. Scott asked llrr. Floro whet~er a t Frome, wash was screened befor e 
it w;nt into the still and if so, bad this a ny mfluence ou th e et.he r content of 
the distilla te. 

l!Ir. Floro replied that they did not use fi~~ _screen~ ?,ut cen~rifngal separa-
tion . This was done in order to prevent any n ee gram entenng the stills. 

JJr. Springer thought that it might be v,os~i_ble to speed ~P operation by 
cutting off the rum at a h igher proof, t~e lnmlmg fa~tors b e~ng the type of 
rum and the distillation efficiency desired. It was. mterestmg to m ention 
that the time cycle guaranteed by makers of n ew stills was not covered by 
any condition s of operation. 

The ('h.alm1an tben thanked Mr. Floro for his very interesting pa per. 

----- : 0:-----

OUSERYATIO::\'S OX Tru: EH.PORATlOX OF ALCOHOL DISTILLEUY SI OP 

M.. B. FLORO, B.Sc. 

Chief Chemist. \\'est lndies Sugar Co. Ltd., Frome. 

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

IXTROD[CTIO::\' : 
In new of the importance of the problem of distillery slop disposal to the 

Sugar Industry in Jamaica , it is felt that observations on a ctual industrial 
application and results obtained by a method of treatment seen in the U .S . A . 
would be of interest to members of the Association . 

Th e observations made in this paper a re based on observations made from 
seeing actual operation of the new s lop concentration plant r ecently erected 
by tl!e C.S. Industrial Chemical Inc . in thei r New Orleans Plant. It m ay be 
mentioned that the Company's aim in th e evaporation of s lop, is not to solve 
th e problem of disposal. but to obtain a substitute for beet molasses as a bind-
er for stock feed. All surplus s lops are discharged into the Mississippi River. 
Wl.1ile it must be confessed that the resu lts obtained were far below the 
writer's preconcf:ived notion of what such a plant could do, the operating data 
and results given below will nevertheless he found extremely useful a s a 
guide to any one contemplating evaporation as a method of slop disposal. 

l '.QUIPllEXT. 

1. Quadruple effect evaporator of old design previously used In Paper 
Mill - all copper including Vapour Pipes - with tuta l Ji eating surface 
of approximately 11,000 sq . ft . 
Brass tubes in the 2nd, 3rd, and 4th vessels , stainless s teel in th e l Ht. 

2. Jet condenser. 

3. Steam driven c-0ndensate pumps with float valve con trols. 
4. All Copper piping. 

5. Meter for steam supply and meter tor dilute slop s upply. 

OPERATION DATA. 
(a) Steam supply at 10 lbs. per sq. inch pressure. 
(b) The slop is pumped direct from ethanol st'ills processing molasses wort 

to the evaporator supply tank. Difficulty is ex11 erienced du e to settling 

-
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of YNIS l horll es at bottom of thlA tank Th ' 
is r, .so • Brix . · e average density of the slop 

(c) The co11 crmtrftted slop Is pump1ed out a t a densit r 28• ?O ' B 
apprnxlmat.ely 4r. % solid s by dryin g and ls lo . -., eaum e or 
the s torage tanlrn. a .e rn tank cars from 

(d) Clea~i n g iR don e _?nee a ~ eek. No. 1 vessel has to he examined and its 
ph1g,..,: rl tu hes _rl 11l] P, tl ~1th el ec trically op 1er a ted d ri ll s and scrapers 
Ch~m_1ca l cleamn p;_ con s is ts of hailing with a mix ture of soda ash and 
ca11 st1_c_ socla_solut1on at a tmosph eri c pressure for 4 hours a nd followe d 
by boilrng w1_th 2% hyd rochl oric acid , also at atmosph eric pressure. It 
u sed to ta ke 36 hours for cleaning bu t this time was gradually cut down. 

OPEJtA'l'ING RESULTS. 
Average Rate of Production 

Equivalent to 

Evaporation Rate 
Steam Consumption 
Dilute Slop Evaporated 

440 U.S. Gallons concen trated s lop 
per hour. 

4.000 U.S. Gallons of dilute slop eYa-
porat ed per hour. 

3.50 lb s. water per sq. ft , H.S. 
0.263 lhs. per 1 lb. of water evapora ted. 
0.364 U.S. Gallons per sq . ft . H.S. ver 
hour. 

POSSIBLE SOURCES OF BE'l'TER PERl<'ORMANCE. 
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_i ty of the dunder 
iB much higher, 10 ° - 12 ° Brix, and therefore more qua:1tny per sq. ft. of 
H .S. ,vould be capable of being handled by a plant of this type. 

DISCUSSIO~. 

The Chairman declared the subject open for discussion. 

JUr Drou asked what size of eva porator tubes were used: an d )fr. FJ 0;? 
r eplied' that they were 1-5/8" outside diameter , H " inside d1aineter an 
long. 

iUr. Jleuzcll asked whether _th e co~cen~rated slo~ pu~~efi:~t;h~ ~:!0[:t~~ 
t ank was stor~td fo~• ~6r:,~i1~~~=. t~~:~~i: ~~/Jir :,!?:~a1

nis of 7,000 gallons 
storage capaci Y was . · . . ,, ,. ·• · to 4S hours each . Th e maximum lnn e or sto1 a.,e " as <> o . 

. . iid that two things st rnck him - that evaporation was 
]1[1:, ,J , G, D'.ll tcs s1. s ~f disposal but to produce something salea?le, _and 

not bcrng used as a m eai~rntion da ta _ " tha t the vessels bad to be e~~mm~d 
the point made nbou~ ope with electrica lly opera ted drills and scrapers ' theI 
aud pl11v;v;c!l tubes ~nll~d ·ease in heati ng transmission towa~ds the e_n~ of 
mu s t ]J e an apprecm ble llec t 1 ·ed whether suitable operatmg cond1t10ns 'Oil and h ll WOIII 0 1 the operation P8 )' 1 . 1 t ·ards the end of the run. 
could s till be mnmttunec 

0
"' · r to that phase of the 

th v p·)id close atten 10n Mr Vloro r e111ied thnt e. _ ~• nnde every hour. Once the rate of eva-
OJ)erati~n _ a nalys is of slop ~et':i'.;nin~d figure the evaporators were cleaned. 
J) Ontl ion dl'Ol)J) Cd bl'I0W a prec e . 

. ('utbill as to where the steam came fl om , 
In reply to a q11est1011 by l[r, .,, one with a central power plant s~pply-

1\lr l •' loro said that the plant wa~; b~lant used fuel oil, but was also eqmpped 
in; steam to a lcohol st ills etc. ie 
for burning natural gases. 

, 
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~. J. G, Do'fies enquired for details of construction of the evaporators . 
Mr. Floro stated tha t the equipment was not modern a~d th e down-tak e W;U1 
n ot big enough : a lso. the edge of the d_own-t ak e _ was 2 above ~he ca landria 
which was not baffled - the incondens1ble gas Imes were also m adeq ua t e . 

Jlr. ('uthill asked what was th e nature of the product and to what com -
r.iercial u se could it be put. 

Mr. Floro replied that the con centrated slop was sent to th e Miu W est as 
binder for stock feed as a s ubstit:iite for beet molasses w h_ich was unobta ill -

abl e during war time, being reqm r ed for alcohol produ ction . The product 
was in liq uid fo r m of a density of 28 ° t o 30° Beaume. 

)fr. J. G. Danes doubted the effi cacy of s u ch a plant for dunder disposal 
ln J amaica . and wondered wh eth er if such a p lant we r e used , th e concentrate 
coul d be disposed of in Jamaica. 

Mr. 1--1oro thought that th e only possible adaption w ould be in con jun ction 
"-itb th e burning of the concentrate or that the concentrate might be put 
thro ugh an Oliwr filter which togeth e r w ith mud could be appli ed to th e 
fi eld s fo r fertilising purposes. 

Mr. Whitaker said some years previou s ly, h e h ad h ad specifica tions of a 
plant for dunde r d isposal similar to the m ethod described by Mr. Floro. It 
was a question of inj-ection of slop on to hot rollers which produced a powder 
wbkh cou ld be used for fertiliser but the process would prove much too e x-
pensive under local cond itions 

1'hp ( 'ltalrman thanked Mr. Fl or o for his pa pe r . 

-----: 0 :-----

sou: A~PECTS Of' THE ('Ht: mSTRY ()J,' RUJT PltOnUC'.rION. 
J. R . McFARLAKE. B.Sc .. A . R :I.C .. Chief Ch e mist, Caymanas E s tates Ltd . 

(Mr. V. William s in the Chair) 

S ln i:e rum production lo Jamaica dates far hack into the <lim and distant 
pa s l , It is not surprising that the methods em ployed have come to be r ega l'dell 
U H axiomatic or that ruh: or thu mb and empirical formu lae h ave been I.he 
r ul e rath e r than the exception, an d tJ1e Sugar Indu s try Commission (1) h as 
summar!Red th e pos ition admirably wh en it states : " Th e production of rum 
In .J amal<:a Is , In general, sti ll r egard,-:d more as an art tha n as a science." 
However, In view of the advan ces mad e ln r ecent years In the s uKar industry, 
It m11 s t seem a little s trange tha.t little or no a ttention h at.1 heen paid to the 
Hcle ntltt c u11pect of rum production In th e I sland . At the hegl nnln g or t il e 
c,111t11ry , a foundation was laid by the exce llent work o f Coush11,1 (2) Aahhy (~) . 
All en (4) , end Greg (fiJ hu t sl nct that time a ny a ttempt to hutld 011 th eir 

r11, ·t. 11 re hnH hee n ve ry lim ited . Anoyo, i11 Pu e rto Hico , huH car l'l<Hl out. cx -
te11Hlvr, rr,11carch es, 11ome of th e rnsullll of which muy he found In hl H n1any 
pa ptr H, un<l li e ha1, a dd ed ccinBlde r,ihly t.o our l<now ledg <; , hut hi M 1:1 111-rn-estloll fl 
do nol. 11,;em to havi, met with wid e a[)prova l h e r e. Ju th e lui. t yea r or 1-!0 , IL 
<1, ,to rrnl11<,d e rrort h as 1,pcm mucle to ef!t.a 1Jl1 1:1h chemical coutrol lu 011r dl a-
llll crl<·:H, lint thl 1:1 li o11 hP.e n mude more with a view to ohtalulug 1:10Jne Id ea of 
Ili c efllc:l cncy or u. lcohol r,rndu ctlon thn u to iuv eHllgatlnl-( t ho conclltlou t1 l-(OV -
Ol'lllt1g lhe J)rn<l1u:ll on of ,J11m uk11 rum , hut Cc:vo11 110 It <l n<Jl:I 11ot yol a)) fHl lll' lo 
liavc th e whol o h cu r terl Rllpport or th o manuf<1ctUl' <l l'll . So fur 1H1 ctrn he 11 ll-
,:r ,rtitln ocl , 110 Ac,rlou R 111.l cmpt hn R h!:!e n mad<, to co r1· e lutc t h o 111·011ortlo11 H or 
lh 1J viu·louH cnn 1-1 tlt1.1 unt.A r,n,s1rnt 111 I.h e w1rnh with th e qu 11 llty or tho 1·11lll 
111:orluc:cd or l.o 1l ole r111ln o tho con,1ltlo11s u111l or which th e c! Pt1ln,cl 11ru11ol'tl•J11K 
ol l.ho1rn tonRU l. 11 01 1t11 c11 11 h o prn(lu ced al. wlll . Jn a11 n.tl<!tn))t to fl h 0W that. 
l'llm r,rorlu c: tln11 IA ln<hiod II scion I Ill e IJ1rl11Rtry 1111d 1l ot1c,rvc1t1 to ho t.l'eii!Pll ii fl 
Hll.dl , It. lrnH hcrn 11 1.1 10111-(ht lhnt U b1·I C! l'. 011tlln (1 or th o ('hemlHtry or (<H'lll(llltlltlon 
:u: rur UfJ IL IH cuncern od wllh the mnuufat.:turc o[ rnm und ol' til e 1·ouct.1on t< 

MAR.-J u:-m , rn-W) .T .A.S.T . QUAnTERLY . 55 
whi ch are ln vo lverl in the produ ct ion of thos b . 
up what is known as .Jnmaico Rnm . wi ll serve\iudeBlance3 wh ich go to make 
to induce a new a nd diffe rent outlook on th :onstrate_ these facts , a nd 
industry . It iB to be regrottl'lcl that with the 1~ ~;o ~ms wh ich arise in the 
been possibl e to ,to more t ha n to t~uch 011 th im i ed ~ime available . it has not 
subject , lrnt it is hoped that thi s papr.r in / m~re importa nt as pects of the 
a rou se fr esh interest in the ch emic;! ;sp' ectsomfptebte .thdough it may be, will 

. . o e m ustry. 
It 1s n ot proposed t o consid er th e var iou t • . 

d et a il other tha n to r ecogni se t h e main on es ~b_Yges of J am a ica rum Ill any 
Clean , Plummer, W edd e rburn an d .1c mthay be ta_ken as Common 

d • d - • srnce e l' ea ct10ns i a vol ved · n their pro uct10n an th e na ture of their ronstitu t . 1 
though the practical m ethod s of production ma en v~tre essentially the same 
proportions of consti tuents m a y differ with eac~ t.yp!. considerably and the 

. Ja1;1aica_ rum can be ~on sider~d a s a n aqueous mixture of ethyl alcohol 
ahphat1c acids : est~rs, ~•gher al!phatic alcohols . a ld ehydes, furfura ls , and 
traces of certa1~ umdenhfied sub_st~nces which appear to be r espon sible for 
the character ?r t h e produ_ct as d1stmct from other spirits. Rum is produced 
by the a lcoholic fermentat10n of ~queous solution s of molasses (or cane juice) 
an<l d~nder b,: mea ns of y easts_ m the presence of bacteria and other micro-
orgamsms which promote subsidiary r eac tions leadin g to the production or 
substances other than alcohol. It has long been claimed that environment 
plays an essential part in the production of specific marks of rum and fo r 
,his r eason , g reat care has been taken not to destroy the characte r of th e 
fc, rmen tation , manufacturers having gone to such ext remes in this direction 
in the past , that some of the d istilleries were definitely insanitary. While 
unde r the conditions of adventitious ferm enta tion as practised in J amaica, 
there is little doubt that each dis tillery produces a distinct rum , Floro. at 
Frome, has demonstrated the possibility of manufacturing sever al marks . 
which were previously m a de on individua l esta tes, at one centra l uis ti llery. 
It h as also been regarded as essential to employ pot stills but. while this type 
of still will normally produce rum with a greater proportion or higher boiling 
constituents than the continuous type, good rum has recen tly been made in 
a continuous experimental still at Frome a nd there is no reason why, with 
careful setting of the plates, a ll but the h eaviest types of J amaica Rum cannot 
h e dist ill ed in this m anner. Arroyo (6) bas succeeded in producing a rum in 
Puerto Rico, under very differen t conditions to those obtaining in J ama ica . 
which . h e claims, is "indistinguishable from J ama ica rum in taste. bouque t a nd 
ch emical a n a lysis ,"ca n be m anufactured " in a fraction of the time r equired for 
the confection of rums of similar quality under J amaican methods and con · 
<litions" and ages so r a pidly tha t a three m onth old rum offers the ch emico l 
a n alysis of a two year old J a m a ica rum . while a six month old produc t. is com -
pa r ab le with five year old Jamaica R um. (23). This would seem to inrlicat e 
t hat the control of conditions of fermentation is the most importa nt factor in 
t h e production of rum. 

Prnduction of ethyl alcohol ls the major process in rum manufacture 
si 11 ce a lcohol comprises over SO per l'ent by vo lume or rum distilled. Al_coholic 
fe rm enta tion is brought nbout hy yeas ts. but the yt>asts employed 111 rum 
<ll s lill er ieR are, In genernl , ln cnpnble of rernrnuting a ny carbohydrate more 
COllllll ox t han th e hexoses . S lu l'e some 30 pC'r cent of the t otal sugars in 
molu.HSHA nre lll'osent ns s11crose, it ls nel'essary . therefore, t o conve~t this 
<llsacchnrl<lo Iulo tfoxtl'oso nnd \n(lvnlose bdor e _co1;11plete_ rermentat1_on or 
S ll l-(ll l' H ,. 1111 ho ot'fol'l l' tl. '!' he yens ts employ.-d conta m m_ then· ce l!s a mi xture 
o[ ,. 01111 ,l ex s uhs tun r es, lit e exuc t ehemil'n l 1rntures ot' which ar_e still unknown. 
'l' h oirn Hll hHIIIHeus. tho unzymt1s . mny b,, l~lrnn <' d to ca ta lys ts. m that they ca n 
lll'omol u t'tHH'.tl nHR without upp tH <> nt c1,, tnment to themselves. but _It m~st be 
inlulocl onl th nt tlll'Y are ,,xtrl'm ely specific and ma ny or them will p1om~te 1 , , , . ·ti nnd thnt r ef\ t' tlon alone. One of these enzymes. 111-

on o 1111 1tlt11ln1 , ont on ,. • - bout the invers ion of sucrose to 
y c,rl.n R,1, OI' mon, eo!'rec tly s ucr nse , unn gs n 
tkxt 1·0Ro ntul lnevnloso. 

C 1iH22O 1 l + H~O = 2CG 111P6 
Sucrose Dextrose a nd Laevulose 

Ru u1111 llt e r o is 11 0 ueed to effect the hydrolys is of the sucrose by any other 
IU Cllll S , 

' 
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The production of ethyl alcohol and carbon dioxide from h exoses by fer -
mentation is the result of a series of involved reactions, m a inly effoc t ed by 
the action of different enzymes but the overall result may b e r epresented as 

c6H12u6 2 CH3 _CHi.OH + 2 C0;2 . 
Hexose Ethyl alcohol Carbon dioxide 

where 100 parts of hexose will , theoretically,_ yield 51.11 parts of alc_ohol and 
48_89 parts of carbon dioxide. In practice , u_sm~ pure yeast cultures 1n steril e 
substrates it is possible to obtain a conversion m_ excess of 90 per cent of th e 
theoreticai' but, for reasons .which will be appreciated later, the efficiency in 
rum production is considerably lower. 

A great deal of research has been carried out on the m echa nism of 
alcoholic fermentation and the various theories put forward h a ve b een dis -
cussed by Meyerhof (7) . One of the more widely accepted theori es 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 

C6H1:.i06 + 2 Rff.11''04 = CoH1004 (RHP04 )2 + 2 HiO 
Hexose Hexose diphosphate 

2. The Hexose diphosphate, by the action of zymo-hexase, yields two 
molecules of triose phosphate. probably glyceraldehyde phosphate 

CoH1o04 (RHP04 Ji = 2 CJH5U2 (RHP04) 
Hexose diphosphate Glyceraldehyde phosphate 

3. By internal oxidation-reduction (comparable to the Cannizzaro 
reaction) in the presence of water, one molecule of glyceraldehyde phosphate, 
acting as hydrogen acceptor, is r educed to glyceryl phosphate and a second 
molecule oxidised to glyceric a cid phosphate. This reaction is promoted by 
ruutase 

H 2 + CHO. CHOR. CRt( RHP04 ) = CH;1,0H. CHOH. CH2(RHP04) 
Glyceraldehyde phosphate 

0 + CHO. CHOH. CH.z (RHP0 4 l 

Glyceryl phosphate 
COOR. CHOR. CHz (RHP04) 
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 
CR:20R. CHOH.CH2(RHP04 ) + H20 = CR2}H.CROH.CH20H + RH2P04 
Glyceryl phosphate 
COOH. CHOH. CH2 (RHP04) + H20 
Glyceric acid phosphate 
COOH.C (OH) 2.CH 3 COOH.CO.CR3 

Pyruvic acid 

Glycerol 
COOH.C(OH)z .CH3 + RHJP04 

Hypothetical substance 

+ HzO 

5. In t~e presence of carboxylase and co-carhoxylase, pyruvic add de-
composes to yield acetaldehyde and carbon dioxide, the latter being liberated 

COOR.CO.CH3 CHO.CH3 + CO 2 
Pyruvic acid Acetaldehyde 

6-
9
Ace_tal~ehyde now replaces glyceraldehyde phosphate as acceptor lll 

reaction c•. yieldmg ethyl alcohol and g!ycerlc acid phosphate little or no 
glyceryl phosphate being formed once the production of aci,t~l<lehyde bas 
commenced 

H2 ·+ CHO.CR3 
Acetaldehyde 

= CH3.CH20H 

0 + CHO.CROH.CH 2(RHP0 4) 
Glyceraldehyde phosphate 

Ethyl alcohol 
= COOH. CHOR. CH 2 (RHP04 

Glyceric a c id phosphate 

MAR.-.J mm, 1946] J.A.S.T · QUARTERLY. '57 
Tlie g lycer lc acid phospha te fo r m d 1 d 
r eaction 4 Rn d th e s ubsequent r:a / ecomposed to Yield pyruvic acid as in 
ple te . H ence the m aJn produc ts of ~e1~!8 pro_ceed until fe rmentation is com-
dioxide with sm a ll quantities of I enta tion are ethyl alcohol and ca rbon 
subs ta n ces a r e fo rm ed during f g Y~rol a nd a cetaldehyde. Certain other 
th e was te produ cts of yeast m eet~er tion but they have been shown to be 

. volvlng bac teria or other organ ·a O ism or to be produced by reactions in-
menta tion . Th ey ca nnot, ther efo;: m; ~nd elther suga rs or products of fer-
ferm entation. ' e I egard ed as direct produ cts of alcoholic 

The e ffi c ien cy of conversion of hex 
governed by a divers ity of factors of ho_sehs to alcoho! and carbon dioxide ls 

w IC th e mos t importa nt are : 
a. Tyt)e of yeast employe1l. 

The type of yeast used for ferm t t· · 
both on the yield of alcohol and on t~: wil~ have considerab!e bearing 
type has peculiar characteristics and each striino o;:~Yprodtcedl smce every 
produce different results. par 1cu ar type may 

In general, top-fermenting yeasts are employed in rum distilleries in s ite 
of the fact that most oth~r distilleries employ bottom fermenting yeasts PAI· 
though alc~hol f~rmentatio~ would appear to be a purely anaerobic pr~cess, 
yeasts are I?, reahty facultahve anaerobes, and work best with a limited oxygen 
s?p~ly. With excess oxygen, the sugars are completely oxidised to carbon 
d10x1de and water 

coH1206 + 12 0 = 6 CO2 + 6 H20 
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 sui.ars 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 is exceptional. 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 theoretical 
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. 

It is of interest and possible importance to note that, whereas budding 
yeasts now appear to predominate in Jamaican distilleries, the presence of a 
fission yeast (Schizosaccharomyces mellacei) was reported by Greg (Joe. cit.) 
some 50 years ago and was alleged to be parti~lly respons!bl~ for th~ charac-
t .· t' fl vour of Jamaica rums (Allen, Joe. cit.) . There 1s little_ eVIdence o_f 

is /c a f t being present in most distilleries in any appreciable qua?,tl• 
t_ IS ype O y~as t time Arroyo (8) bas suggested that a top-fermentmg 
t!es at the PI esen , ·

0 
n more desirable quality of rum than the usual 

fission yeast will pioduc . ated the problem employing Pombe yeast (Sch. 
budding type, and hn_s lnve~~g by Lindner in 1887 (9) Re-introduction of a fis-
rrnmbe) which was disc?vei . sufficiently pure culture to ensure its being 
sion yeast into our dlstillene~ mt lead to improvement of both efficiency and 
the predominant organism, 1hmtg~ h mellacei yields 6.6 - 7.6 per cent alcohol. 
quality since it Is reported t a c · 

h. Te1111ierature, 1 rgely on the temperature . . ·t f yeast depends very a . . The metabohc activ1 Y O •1 th e appears to be no defimte optimum 
at which it is maintained and, whi e er 
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u .mpe.rature et ..-hlcb 8 ypa;:i t.hrlTe$ h e;::1. thne is A fai rly nnrrow r a ngp over 
wbkb rea!'Dna bly g{>(>d r~""'llli.s c·an be obtained . F or the prorh1 C' ti on of mm 
1: i.:' nc<t usa!i.l to alien, tbe marlm1I1D tempera ture of the wash to exc·eed 35 ' C 
a.nd temi-J11turP;1 abuTP ~- -5-r sb(•-uld most <'erta inly b e avoided if rea$onable 
nel~ ue to t>P ~1ed. .Actnally the Jo-.rer th e temperature the. slower :..;u be tb-e t;,rme.ntatiPn. but tbe better -will be the qua lity of th e rnm produred 
and it e;atIT!l.llf aceepted tbat djstille-ri es a t higher elevationR produce 
better rum- for this rna;ion . .Arroyo , 1n1 c laims that . for good fJUalit y rnm . 
tbe l!,'1DVt'fBn.tre should be maintained at about 2, ' C . but. without e laborate 
r-oolme dP•ke£. tbis -would be extremely di fficult to a chieve in m ost Jarnaica 11 
d ;ro1leriPF . 

Wb·lp th rc re te of mern boiism inneases gradually with increase in tem-
J)",'raHi re at t"'mperat o.re-E abCTVe 3- .:; C the metabol i_sm is disturbed and . due 
t<J th" fa<-t that it ii! hh::hly im pr o ba ule that the various enzymatic processes 
tak.rn£ ;> i oN; durin!!'. f<>l'lD"ntat inn "i ll have the game optimum t empera t ur e , 
,,:,me -pl"OM-~<;t; will b<> 1,~Pded u-p more than others by an increase in tem-
V'?ratur" Toe production of in,olntion forms to be foun d in yeast cu ltur es 
p~o;r~t t>G ;;.r b:i;-b temperatures is re!!a rded as ei-idence of t h i s la tter fac t . 

~. " " ,; f ~.tt..-tnrtf'. 
The, (!i;,::r~ of addity or the substrate in which t h e fe r m en ta t ion ta k es 

i;lac<> b..;;.~ «o tffiJ)Ortant l,e-arm~ on lhe r ..: te of ferme nta tion a nd on t h e n a tu re 
o f th" r~ct.,om, taking place and therefore of the fina l produ c t s. In gen er a l , 
'" '" r H ,;,. .i.; ... , tavot: r ~ rtion l' invoh·ing yeasts and high er val u es those in -
, oh,11$ o-.-rt<tr1a :.Ub ou &"b It ii- possib le to acclimat ise micro-or ga nis ms to 
, ,, ndt1101:, ~ ,·.,ry d11fe-r,.nt to tho11e under which they norm a lly thr ive b est , 
thouzt ti',< ;:, rvdu-c~, of metabolii;m m a y , and most proba b ly w ill , be d iffe r ent 
j u th<>:,,> 0,..;.,,..., Ir, th <' p roduruon of a lcohol as di s ti n ct from rum , th e opti • 
m um r B •·~h • .- .~ 1u ·h.-,. ,·,ca.,•y of 5 0 b ut. fo r rum produ ction . a p H of 5.8 is 
da 1roHj 1,y Arroyo ' u, y i<;:d tt,P hPst res ult s. This degr ee of aci dity w ould 
H<-rr. 1:-- ., 1,0• ,,~ i;ue., ,ffllt l>i.,1.eria l ,,r-ti\'llY to ensure the p rod uction o f t h ose 
:Hnm: !. tf c • ,-,, ufary ,,,r,~•, u•·r.t~ r .-quir .-d to m ? intai n lhe q ua li ty o f th e r um 
at ti, <' <i , .,c ,r,-c ,,,,,, . • ·tr1N,s at a 1, H o f ,,. n the ha<' t <>rla l a c ti vity i s a lmos t 
<omp!<'lt- )' , i:;:,p r,.:--s.,d Tt.f m ain talr.a u c <' of a consta nt pH d ar in J?; fe rmPn • 
1.Alkrn ,~ 1'.1:h<J'<'Z'.Mi t,y Arroyo !l t v; ho 1<t;i tn1 tha t . hy t hi s m e:i n s , " rum s of 
irreat rl ,-:..r, ., n<-$~. o1 8 r·om1: •·llld. 11¥ ed n,pidly w,, r., produced , wh ile tl1P m a tur e 
r11.m h~d m.- !1011 n ,,;,;. Rl'?llY..1tb r, ..i-1f ;,n d dt-!icacy of flavour ." No p r og-r<>ss in 
t h ill d lre-t"t,Ml :q,pe,n \.o b1n t- hPf•n madP in ,J amair-a thou gh t.h P huffc>ri 11 1; 
•··l'l' e<·t of dund,n mut.1 tu. \' .- 1, lirnltt:d lnfluen,·e on t he p H o f l!JP wa s h . 

d \ l'lbf ' 11trl,,n.tl!. 

T h,- <11Ji,t'of.i 1:, i.Ld pn,por tJou., u1 d iffne11t food rnate:ria l t< ca n g r ea tl y a lte r 
U\<· mi-1., IK,ll ;.m ot' ft-.ru-.t , ·e ll!! b<Ab qua lill1ti\1-ly aud ljU a ntitallv e Jy und y1•us l >1 
l'T11i.· 11 ,m 1llf1,-rHH m,--a.111 i..c.£1 uri<Jer d1ff1> ri-11t u,11dlt.ion,1 ,·1n1 i; lluw ,-x t l'l' Jll e 
Var lal,1 1! ty ID <l>fllJ,(Jt:ll l uD 'I hu; tl,e f dt i,rulk lu 1.1 1,d 1·urlwl1y(lra l t- 1·o n te11t 
nf r. YrA>t m .. y \&rf (hroutcti v.,d!- liml 111 d"1>>-r,di11r on t )J,, 1·1, 11 rli tiom i o f ~ rc ,w tll 
~nrl th in n, u .. t rr.r >lJ 1.lu,1 ti,,-,., v Ji l 1,,- vi, r! i,1 j,,1, ., Jn tl,1- w,,1:, IJ1J! hrn 1 or t h•· 
)'1?1181 llnrlng f1rt'l1A,t.h Tbn,t- llrr r.-flt;1 ·f1·.d 1r:, !111- difft,rt ' IH "<'I> lu Iii <' f1·rm1-11tl11 g 
r,owrr 11nt1 r,rr,1111,·u, ,,r ft:nnt-tJ Uil1un ,,r 1JJ1• rt- Hultini:,: yeakt N 

Wi th f<' P-flr £1 l o the 11.1·1u11l 11utrl1e1Jtll ,-,..quired . with tl, e e:xr·t:1Jll1, J1 uf l'Uf 
hon . hy tl rog1• r1 anl1 ,,xyren w l1 l1·h IHI• P.U l•[Jl led l,y flu, ljUJ(i.n1 . 11 11· 111 ui 11 rn 
q11 lr1,mt nl s ll f)f,c,i,r ti, ht: tiitrugn1 vl, ,,ll phc,r u 11 IJlld IJJJ i. Jlrn ll 11, e t i, l t l1 11 11µ h 
l h<·r e l!I _ 1111 1(• dr,ul,t lhftl tr111·t< f'.1 1-rn!! r,tt,. uwy f>luy u n Juq,1Jrt u 11 t pi,r l ill yea KI 
n1,, l.r, hol 1Rrn 

II h uff h1•i,n &IH, WII il1~t , wh<-JJ a Hru i,I J <j U1J1J t ll)' o f Y"UHI 111 II Hdl for Ill 
nc11l a 1!on , <·1· 11 l-'ro w11, I~ ve r y Klow w 1J n,-1t1< , wl ili J;, r r. i •f lj l't! <l lu~ Jj . 1111r111 Hl 
ra pid g rowth tnkPfl r.,l c, 1·1, . T li lH fo1·t WliS flr 11 t u l, Kt· r ve d J,y J'1Ji; i 1:, 111· uud lull'I ' 
,·o ntl r mc,11 hy W llrl l1·r s, wh o 11 ug~1,11 t 1,(I tli u t l h e fl:l l lu r,, to i,, r•nv n,pi d ly fHHII 
:, sma ll l11 oc- 11l f1il on W HR (lu c t u t!J!' ul,ae n c- t: or U l:I JH•d l ](- l1t1l l1< pl•JHd i,lfJ 11 11 1' 
Rl.nn c:c wh ich h e rn ll <· d ' hios · nnd w hl(-]J won l fJ 111' ln l r od lll'l 'd IJJ UJ• JJJ'l)l'l u ll lo 
quun tlt y onl y wh c,n 11 11 ln f( la rge r tJua n t ltl ee of )' t:,UK I fo r ~1w rll ug . J•'11r JJ1 t• 11 Y 
Y() JH H noth in g m ore wa s h ~a r d or Lh h1 ' hl os ' 11n1!I. a liuut. J !ti o , It wull fj \l j/l(c~ l l'~ 
th a t It waR lrkn tl r 11 ! wi th fl vl lam i n o l' th e ll i;1·01i p uo w t,. n ,w!I 1>!0 1111 o i 
Vito.m in H . on e com 1ion cnt or wh ich (d 1,101111 ) h 11H h r c- n syu th L•ij lti!' d ( %) . 
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Jn mm m an 11f:lct n1·" nttro-

where th e JlrPcursor~ of' 1 gPn hi Al!ppll"d In th " molass"s and in 1Jun der 
I f · am no•a<'l <1 11 arP prn I 1 1 · r own o yea At pr<Jteln s Nit - '· 11 ""' as t ,., f"Fllllt or breaking 
most eaRlly aAA lmi!~tPr] he MJl'hen In thP form nr ammonia appears to be 
· ti · nr" t P 11 R" n f a.mm f J 111 1e production of a lroh 1 · ·1 · · IJ!l um su phate as a nu t rient 
not s urpri s ing that in th e 0b anc or llght rnm8 In <JthP.r cmm tr1e!I and it is 

Id · a sence or ammonium It 1 • · ac s occu rs resulting In the t _ sa 11 , 1 e-amnm.f.lon of amino 
CH :,.CH ~.CH<CH ) CHNH ormatloo or ammonia and aliphatic alcohols 

3 · 2 COOH + H2O = r'H~ CHz CHICH.,1 CH •OH 
Jsoleucine " 

d-Amyl alcohol CO2 + l'\H:1 

Ow en (27) s ta tes tha t o 5-2 Oo/, f 
crea s es th e e ffi ciency of fer~ t · t · 0 0 aut<J!ysed Y"ast addPtJ to the wash ia-

. - en a ion . This may b<> due to th 1 • r m ore r eadi ly a vailable sour ce or n itro t · . , · . e ,,app n a g o a 
·'bios" present. gen or O an increase m the amonnt or 

. It is of i~1te r ~s t to n ote t h a t none of the normal prodncts of yeast meta-
boli sm contam mtrogen and this would indicate th- t it 
fo r synthesis in the yeast cell. a n rogen is used purely 

With regard to phosphoru s. this is a lways prese-nt in molasses in the 
form _of pho~pha t es a_nd it is a lso to be fo und in yeast nucleic acids wbich, 
combmed "'.1th ~rotems, are p resen t in t he yeast cells as nucleoproterns. 
Yeast nucleic a cid has been postulated ten tatively as 

Phosphoric a cid Peutose Guan ine 
Phos phoric a cid Pen tose Cytosine 
Phosphoric a cid Pen tose Cytosine 
Phosphoric acid P entose Adenine 

i n which the pentose has been iden tified as d•ribose. Guan ine and adenine 
a r e purine ba ses and cytosine a pyr am idine. 

It h a s been c la im ed that pota ss ium plays an important part in the m eta-
bolism of yeasts (12) . This e lement is one of the main elementa l constirnen ts 
o [ m olasses ash . It is p robable that sodium, which is also present in fa i r 
qua n tity in molasses, can repla ce potassium in the metabolism. 

In passing , it sh ould be pointed out that. while a certain amount oi ~ui::ar 
is undoubtedly empl oyed a s n sourl'e or yea st food . t h is amount lg small com-
pa r ed with th e tota l a m ount used up in fermentation and it wouid seem that 
t h e y ea s ts de rt ve ene rgy ra the r than rood trom sugars. Th is was first in-
<li ca t ed by Paste ur. In 1861 , wl)en tu, sh owed that th., production ot one part 
o f yeaAt r ori ulrerl 176 pn rt s ot' ~u;;a r uu i.ler aua.,rob11· eoull ition;i but only S 
pa rts unclfn• no r ma l ne ro bic conditions. C.:o_n sitlenng lht1 euerin, relations o( 
th o ove ra ll re nn ent fl tlo n rtiiwtlon a nd that 1n volvm;; ,orupl"t" .uitlation 

c 6 H 1\10 6 = ll CH3 CH20.H + J co'.! + ~7 B.Tb.t: 
Cu ll 12011 + l 2 () = n CO2 r H H.!o + ~ti 7 I B.Tb. e . 

v. h ll r n I lw ll !!: 11 l' "~ r e p l'tlt!i:Hl t the tota l theoretkal en,n'!;:'._Y llb_erattul when on e 
~J'J llll iuol tJ ot hexot1t1 It! dtl_eom 1,1ot1t! d . th" ratio ,ii' "ne1:1:Y l1b,;ruted 1111,te r ,\l'r?bic 
u nd 11 11 acro blt- ,·o ruli tiont1 1t1 approxnuate ly JII l . wb 1l.i t b tl quantltle~ or hexose 
lu volvt•d iu t h t1 prud ul't lon o r uni t quantity ot yeust unde r the same condltl ons 
tll'u lu ,11 ., ra tio or L · ~2 . . . 

lt ., iuc ud ,ti rin !( t h tH a ctirttlin u111o u11 t o( sugar wil l bti n serl up 11 ~ yen.s t 
roo d tli ll r .,a1:1u u1.1 1.Jl y d otitl ag r l.lt! lll tl ll t wo ul tl ind kute t hu.t, as_ s 11 ggost e rl. t h o 

.· . r a tt1., 1• t ha u (oull t1·um t he tlecom p,)s lt 10 11 ot sug- ,1.r s . ycuij t nd l ,:; l l t1 1LVt1 <' ll tl l tl,Y 
, , . . uull <J r lLlllL•H·u l)k co nd itions nrny he r0ga r1led us r es ptra t~on 
l tw I""' tJSI:! •1 ti ll T,>wth w h t1 l' tlUI:!, nud•H' u t1 ro hle condi t ions , pro pagu. tJ 0 11 

wl tho11 1 u 11 y Jll lL I ' gl l . •l.J l1:1 ce ll g ro wtll auJ m nltlp licll tion. 
111•1·ur1:1 w ll ll Vtl l 'Y co11 s l t1 1t, 

e, 1•: Uod oi ,t t< luholh• l'ro1h1cb. 
'!' h o jl l' Utlll l't S u r lll tl tll bO ll,:; m o t' 

111 1itu l.Ju l ltrn1 , a 11ll 11 111y a lso cttll 8 l:l the 
ll 1< 11 tll ly 1t t1 l:! u,·i11 t••d with o ld c ul tur ti s 

yeust s h nve the ~!!'feet or r eta rd in g t he 
torma tlon ot' Invo lu tion for ms whi ch a r e 
wl11:ire the re are Ll cc nmula tlons of was te 

1irot111c ts _ b t Ute wtll ch a nge rapidly due to utill-
::-i l 111·0 th o c•ompos ltlon or the 611

1 t~ r or was te products it is obvious tha t 
8t1 llo u o r rvo ll rna tor lt1li:; a ml ncc um u a on • · 
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it will be impossible to m aintain yeast cells on wha t might b e t e rmed a 
sta n t die t under nor m al conditions of ferm enta tion a nd, aft e r some tim e cf; · 
growth of y east will slow down and fina lly cease. This is , P.t:ob nbly ,' du: 
m ore t o t h e accum ula tion _of wµs t e products _tha n. t o a la ck of suffic ien t 
n u t rients . but the effect of differ ent wast e m a t~n a l s 1s by n o mertns t h e s am e. 
The accele '.; '.l t ed rate of g rowth cau sed by a er at10n of the subs t ra te is iwoba bl 
due to t h e r em ova l or dilu tion of wast e produ ct s in th e immedia t e vicinity 
tb e cell s r a t h er t h an to fac ili tation o~ a b sorptio~1 of food m ate ri a l s . The~e 
factors have been ta.k en into a ccount )n th e contmuou s . fen nen tation process 
proposed by Bilford et a l (13) wher em th e con centra ti on s of nutri ents a nd 
of waste product s a r e kept con stant a nd agita ti on is e ff ec ted by m ean s of 
"a rbon diox ide. 

T h e inh ibitory effect of a lcoh ol is w ell known a nd h a s a di rect b earin o- on 
rum an d a lcohol production though it is by no m ean s certa in tha t the ~on -
cL ntrat ion of a lcoh ol in th e wash i s t h e lim itin g factor in the inhibition of 
yeast growth . The degr ee of inhi bition o f the higher al cohols is m o r e m a rked 
tha n tha t of ethyl alcohol an d a ppear s t o depend on the position of th e 
alcohol in th e homol ogous series. Segal (14 ) g ives the followin g p er cen tRe-eR 
of a lcohols a s completely inhibit ing a l coholic f ermentation (a nd a ls o y ~;s t 
g rowth) . 

E thyl a lcoh ol 
Propyl a lcoh ol 
Butyl alcohol 
! so-amyl alcohol 
F use! oils 

12.0 per cent 
3.4 
Ui 
0.6 " 
0.8 

Th e degree of inhibition of oth e r met a bolic products doe s not s eem to 
ha , e been innstigat<cd at any l en gth . bu t th ere ca n be little doubt tha t this 
pheuuruenon does occu r . 

Yeasts . howe,er . can be acclimatised to g r eater concentra tions of various 
s11bs tances as is insta nced by the fer m enta tion of w a shes s e t at high Brix 
wh ich. with the ordinary strains of y east s , would oniy be pa rtia lly fermented 
(l :i ). Act ually. the process of accl im atisa tion consist s of the s election of the 
ve ry sma ll proportion of cells which h ave the desired properties and their 
p•·opa gat ion at the elq)~n se of the rem a in der. 

Xext to a lcohol. t b e or ganic acids constitute the most important com-
po11ents o f r um a nd t hey a re foun d in the fina l product not only in the free 
sta te but a lso combined with alcohols as esters. Of the free acids , some 
9,-98 per cent is acetic acid . the r emainder b ein g a bout 1 per cent butyric 
aC'i d tog-ethe•· w ith t r a ces of fo r m ic , ca p roic , p el a r g onic , capric and other 
aliphatic acids . 

There are three methods in w hich the acids may be produced ; first, by 
the direct ferm en tat ion of sugars by m ea n s of bact eria ; s econd by th e bac-
terial oxidation of the products of a lcoh olic fe rm en t ation a nd third , hy the 
de-amination of amino a cids , proba bly brought a bout by enzymatic ::.ction. 

In th~ ca~e of acetic acid , it is proba ble t h a t th e g r eat er part is formed 
by the ox1?atlon of alcoh ol by a cet ic acid bact e r ia alth o u gh o r ganisms are 
known which can produce acetic a cid di rectly from su gar s a s is evidenced 
by _th e sou r in g o f can e juice un de r anaer obic condi tions. Aceti c ac id ba c•-
t en a of whi_ch th er e are many known va rieties, (e.g . B . aceti , etc.) worlc 
under aerobi c conditions and , in thi s r ea c tion 

CH 3 CH2 OH + 2 0 = CH3 COO H + H20 + 456 B .Th .U . 
Alcohol Acetic acid 

100 parts of alcohol yield 1_30 pa rts of a cid. In practice , the yie ld i s proba ~ilY 
much lower due to a certam amount of comple t e oxida tion t o carbon dlo in d0 
a nd "'.ater, but it is obvious tha t , for every 100 pa r ts o f a cetic a cid produc e_d , 
the. yield of alcohol will be reduced by a minimum of 77 pa rts . 'fhi s . w il~ 
?e rndepen?ent of the method by which the acid is produced , th a t is , e it llei 
mtei:nally m th: wash or externa lly and added at s om e l a te r s t age of p_r o-
duct_wn , a?d Wlll help to explain why it is impossible to obta in a 111~11 
efficiency m rum production , when that efficiency i s calcula t ed o n potenti a l 
alcohol Production. The greater the increase in acidity b etw een live antl 
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dea d waAh , th e great er th e amount of _ . 
t h e lowe r the yield of a lcohol and th fac id which has been produced an d er e or e of rum ' 

In a d ven ti tiou s fermen ta tion s h · 
acetic Rei d bacter ia a r e u sua lly sue ts are gen eral in J amaica sufficien t 
th e aci d r equired in the producti~res~nth 111 •the wash fo r the pr oduction of 
toma ry to prepa r e acid ex ternallyn . 0 th e lighter rums, but it appears cus-
th e r e w ou ld seem to be no fix ed pi·Int_ e fcase of the h eavier rums, th ough . ac ice or th is. 

It seem s li k ely tha t butyr ic acid . f . 
m en ta tion of su gar s by ba cte ria th e C~s t : ;ed by the dir ect anaerobic fer -
an impor ta n t g roup being pa r t of th os ll ia, of which these bacteria fo r m 
t h e fa ctor y on the' soil about ti e normal floro of molasses, entering 
v es tigated th e fo r mat ion of buty; fc :~~t\ An:oy~ (16, 17) has _ in-
wh ich can yield som e 45 per cen t of butyri c a 'd as iso a ted an orgam sm 
wi t h hydrogen and carbon diox· d 8 h ci_ on sugay converted together 

_ i e. uc active bacteria are not norma lly 
p r esent 1_n wash _ but A:royo quotes Buchn er and Meisenhei mer's figures for 
B . hutyncus Fntz which produced t h e foll owing amounts of various pro-
ducts pe r 100 pa rts of sugar . 

Butyric acid 
Acetic a cid 
Formic acid 
Lactic a cid 
Ethyl alcohol 
Butyl alcohol 
Hydrogen 

26.0 
7.5 
3.4 

10.0 
2.8 
0.7 
1.6 

The optimum pH for the forma tion of butyric acid appears to be 
between 7.0 and 7.2 which is well outside the r ange of n ormal wash a cidities 
so that the percentage of butyric acid present in the wash will , most prob-
ably, be very low. The direct formation of butyric a cid from hexose is 
represented by 

CH3 CH t CH ~ COOR + 2 H~ + 2 CO:: 
the hydrogen being assimilated, but it is h i; hly impr obable that the re-
action takes place along such simple lines, particular ly in view of the figl1res 
quoted above. Butyric acid is a yeast poison but . in the s-:nall quan tities 
present, it . is not likely to have more than a slight retarding action on 
fermentation . Moreover, Arroyo (6) reports that cer tain butyric acid bac-
t eria (Clostridium saccbaro butyricum Arr oyo in particular) can live sym-
biotically with yeasts , especia lly those of the fiss!on type. T_h e effect of 
the bacteria is to accelerate the rate of fermenta tion a1;1 d to improve t?e 
quality and aging properties of the rum . produc~d. Sm ee the benefi cial 

ff t can be exerted through qua rtz. it 1s considered probable t hat the 
~a~~eria produce r a dia nt energy capable of stimulating _the yeast c~lls !o 
a very rapid r a te of multiplica tion. (17 a) In the pr~ducti_on of bu~ync _acid 
f. olasses small amounts of caproic and capnc acids a re mva r1a bly 

iomd md 1 ti ti·a ces of esters of these acids present in rum are probably 
pro uce am ie bl f d tl derived from this source. These a cids r: re most p ro? a Y orme as 1e 
r esult of degrada tion of proteins present m the ba~t en a . . 

Tl • rocess of degr ada tion is a lso re~pon s1~le for the 11roduc~1on 
n s P 1 • h . dds found in mm protem s bem g decomposed to yield 

o f ~h e 0 t!-1 er 11~cl81 a r educed with tl;e liberation of ammonia. this being 
•1111111 0 .a cids win 1 are . 
~1ssim!luted by both yeasts and bact en a 

R.CHNH:! COOR + 2 H - R .CH2 COOR + NH3 
...... . t h of cr \utamic acid. which particular substance yield s 

01. ox idised us m e case "' - · t t · ,1c,id , an inevitable p r oduct of a lcoholic fermen a ion. 
s nccinic • CH,JCOOH 

CH 2 . COOH 1 -+ 0 = I I CH2COOH 
CH:.i CHNH z _COOH + CO 2 
Glutamic a cid ..j.. NH 3 

, 
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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 CH3 COOH 118° 

Butyric CH3_ CHz CH2. COOR 162 ° 

Valerie CH3_ (CH2. ) 3 COOR 185 ° 

Caproic (CHg _, 2 CH . CH2_ CH:2 . COOH 200 ° 

Heptylic CH3_ ( CH2 ) 5. COOH 223 ° 

Caprylic \ H3 ( CH2 ) 6. COOH 236 ° 

Pelargonic CH;i_ ( CH2 ) 7. COOH 186 ° @ 100 mm. 

Capric CH3_ ( CH2 ) 8. COOH 268° 

The majority of these acids are to be found in traces in rum, and, 
in view of their high boiling points as compared with alcohol (78 °C.) , are 
probably distilled in steam towards the end of the distillation, They should, 
therefore, be more concentrated in the retort lees , a fact which is borne 
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 discus.sing the acids, from which they 
are formed by combination with alcohols with the elimination of water 
CH3 _ CH2OH + CH;s _COOH = CH3 _CH2.OOC.CH3 + HzO 
Ethyl alcohol Acetic acid Ethyl acetate 

The ester content has come to be regarded as the criterion of quality in 
a rum and, although it is not the essential factor in determining its character-
istics , there is a definite trend showing increase in other constituents with 
il,crease 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 
Plummer 150 200 
Wedderburn 200 300 
Flavoured 700 1600 

parts per 100,000 alcohol 
do. 
do. 
do. 

The reaction involving the formation of esters. from alcohols. and acids is 
reversible and should be written 

Alcohol + Acid Ester + Water 

equilibrium being established when the two opposing r eactions, esterification 
of the alcohol and sapon1fication 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 Equilibrium Constant and concentrations are expressed as 
gram moles. 

From this formula it is possible to calculate the amount of ester which 
will be formed at equilibrium if the initial concentrations of alcohol and 
acid are known 
Jf a = 

b = 
X 

then 

g1;:. mole,?ular concentration of alcohol at start 
" acid at start 
" ester at equilibrium 

x 2 / (a - X) (U - X) = K 

a 
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Ethyl acetate compri ses more than 98 per cent of the total esters present 
In rum , ethyl b_utyrate a bout 1 per cent an d a mixture of nigher esters the 
remainder . Jt. 1s prohah~e th ~t th e greater pa rt of the esters in lighter rums 
is formed by direct eRt enflcat1on of th e a lcohol produced by fermentation but 
roicro-organiRm s a r e known whi ch are capable of the production of esters 
directly from sugars . One of these or ganisms was isolated by Peck a~d 
oeerr (18) . and produced ove_r 7000 p~rts of esters per 100.000 parts of 
alcohol while i1 n even mor_e act ive organism was isol a ted by Ashby (lac. cit.) 
in .Jamaica. These organisms are apparen tly non-sporing Torulae and play 
an important part in the production of high ester rum s. 

Since most of the esters are produced hy direct esterification it is obvious 
that the acid content of the dead wash will be a controlling [actor in the pro-
duction. of est ers in the rum a nd, in general , the higher the acidity of the 
wash , the greater the amount of esters formed . Hence the yield of alcohol 
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 a lso tend to inhibit the process of fer-
mentation to some degree. Therefore, from an economic standpoint, an in-
crease in esters will m ean 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 redu ction of 2 per cent in 
overa ll efficiency due to increased acid production would mean an increase of 
approximately 4 per cent in the amount of molasses required per gallon or 
rum under normal Jamaican conditions of efficiency, while a drop from 100 
gallons per still to 95 gallons would increase tb e cost or 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 ester~ by enzymes 
(esterases) and to the relative short time for which the wash 1s kept bef~re 
distillation , it is of value to calculate the theoretical amou1;1ts of esters which 
would be formed under varying conditions of concenJratwn of _alcoh~l and 
acid. The tendency of the ester content to incr·ease with m?reasmg acid a_~cl 
constant alcohol concentrations is illustrated by the followmg figu:e\ whi~~ 
relate to a wash containing 5 per cent alcohol and 82 per ?ent :watei , t e ac 
content varying from 0.5 to 1.5 per cent expressed as acetic acid. 

Concentration 
of acid 

0.5 
0.75 
1.00 
1.25 
1.50 

Concentration 
of acid gm. mo!. 

0.0083 
0.0125 
0.0167 
0.020S 
0.0250 

Concentration 
of ester gm. mol : 

0.0008i5 
0.001125 
0.001600 
0.002087 
0.002375 

11 ae of some 1500 to 4000 parts of ester 
These figures would repi:ese'.it a r;"" ver much higher than those for 

Iler 100 ,000 parts of alcohol 111 ~ashd fr~:s sue: washes. Since the boiling 
the rums which would be p\rol u~e . a lmost identical. practically the whole 
points of ethyl acetate an? a co 1~ ai e 'd moreover. conditions in the retorts 
o[ th e ester will distill W'. th th.e /;:~~i~~ ~f additional esters so that a certain 
are such that t11ey favolll the tot b the r esult of esterification in the retorts . 
a mount of the esters in rum urns e t of esters formed in the wash is very 
Hence it is probable that the amou!1ure and it would be of interest to. deter-
much smaller than the ca \cnlnt : dd:; d wash although this might ~e _a difficult 
mine the actua \ ester content. 0 ointed out that !he total ac1d1ty of t~e 
nm1lytical procedur e. It nrnst./:v~ilable for esterification, both because ac~~ 
wash does not represent the a_ci h form of dunder and bec~use. all ~?e ac1 
lrns been added to the was\~ 111 e at acetic or butyric acid (ignon_ng t!1e 

' di ced during fennentht1on is n ·as "armed) but includes lactic acid, vro . 1 . tial higher aci 1 • 
s mall percentage of essen ' 
etc. •r alt' process is an exampl~ of 

• f l ·0-11 esters by the ime s . d ct of reaction. 
The production a 11" . b the removal of one pro u itll 

how the equilibrium can be shi~~efhe\cids from retort lees are treated w 
In this process , calciun1 salts 
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sulphuric acid in the presence of alcohol (high wines) and the mixtu 
acids, after precipitation of calcium sulphate, used in the high wine r!: ~t 
The concentratiom; of alcohol and acid as compared with that of water ~\i 
be enhanced by the removal of this latter constituent by the excess sulphu . 
acid and the degree of esterification will be greatly Increased. nc 

When strong rum is broken down with water, the equilibrium is disturbed 
and the reaction from right to left, that is, saponiflcation of the ester is 
accelerated. Hence the ester content of freshly diluted rum is invariably 
lower than that of the original strong rum and Arroyo (19) states that 
period of from six to twelve months may elapse before equilibrium is r! 
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 will decrease 
in ester content while others exhibit the opposite phenomenon. Analyses ot 
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. !.CHNHz. COOH + H'>O = 
Leucine -

(CHJ) 2 CH :CH2CHz;OH 
iso-Butyl carbinol 

+ NH3 + CO2 
These amyl alcohols. which are known as fuse! oils may therefore be 

regarded as degradation produ •t f · ' ' ' ch c s O yeast protems. The principal source of 
su .. substances m_ust be_ ~he dunder which will contain products of decom-
f:~!:~a~~ r::s~~ ~n addition to dead yeast cells and it would be interesting 
and with dunder fro: al~~;l coll ntent of rums prepared with ordinary dunder 

w tc a yeast cells had been separated. 
The main reason for the prod ti 

demand of the yeast cells th uc on of these compounds is the nitrogen 
assimilated. The use of ' e tmmoma produced being easily and readily 
results in the production a~mon u_m sulphate, as practised in other countries, 
lower than in Jamaica ru!s r~~s m which the higher alcohol content Is much 
ammonia in simple form and' t: s being due to the preferential assimilation or 

· e suppression of the process of de-amlnation. 
The traces of propyl and but 1 1 duced by the direct !ermentatl Y a cohols present are most probably pro• 

has attributed the formation of int 0/ ~ugars by bacteria and Allen (Joe. cit.) 
which he isolated from the Y; coho) to the presence of B. mesentericus 
group of bacteria are lnvari:~~ · ccording to Owen (20) the Mesentericus 
has Isolated such bacteria 8 Y present In final molasses. Arroyo (16 , 21) 
butyl alcohol, butyric acid a!~ · ~etryl and B. aceto-butyllcum which produce 
since no traces of acetone h ac: one by anaerobic fermentation of sugars, but 
oxidised to carbon dioxid av: een reported in rum, this substance must be 
In rum production. e an acetic acid if these organisms play any part 

The production ot acetald h d 
tation has been mentio d 1 

8 Y e as an intermediate In alcoholic termen· 
substance In rum althoun~ !ta ready and this is probably the source of this 

g might be produced by· the oxidation of alcohol 
CH3_ CH .,OH + 0 == CH CHO + H,,O 

alcohol " ,. 
acetaldehyde 
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Traces of formaldehyde an d of formic ·d 
of 11 exoses on which th e 5 a nd 6 position:ci . are prob~b ly formed by oxidation 
p eriodates (28) ) . a i e uns ubs tituted (cf. oxidation with 

Tbe small amou nts of fnr fura J a l f . 
p entoses which either enter With the mwfys ound JD rum a re produced from 
of th e yeast nucleic acids, of which d-r ·~ ass~s or are produced by degradation 
of pe ntose in acid solution r esults in ti ose is a component part. Distillation 
and cyclisation of the r ema ind er of th;e re1mov

1
a l of three molecu les of water 

mo ecu e to furfura l. 

·1fo -CH-----''H 

""' OH 

HC,----CH 

II !! 
I I 11 

H -\ JC-. CHO 
Q j •H _____ __ __ OH _, 

II 'i'i HC\ / C-CHO 
P entose 

0 

Furfural 

In addition to the identified constituents there are a lways present certain 
unidentified substances which , although they are to be found in minute traces, 
serve to characterise the rum. Greg (Joe. cit.) isola ted a substance from dunder 
by extraction with petroleum ether which appears to be responsible in part 
at least for •the characteristic odour of rum. This substance was a lso 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 em,ployed for the fermentation , fission yeasts being parti-
cula rly effective in this respect. Since the rum oil has a high boiling point, 
the higher temperatures attained in a pot still towards the end of the dis-
tillation are more favourable to its distilling over than the stea dy lower t emp-
eratures existing in a continuous still a nd , unless a very effective yeast is 
employed it is possible that the prospects of making J amaica 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 important pa_rt. It 
has been suggested tha t the more volatile eth_yl ace ta te serves as a vehicle_ to 
convey them to the nose. but Cousins 1Ioc. c1t.l claims ~a_t the accentuation 
of a roma 011 dilution is due to a r educt ion of the volatility of the acetate, 
making the effect of the higher esters more pronounced. T~e development 
,ol those substances r esponsible for the a rom_a and fla~our of :u_m has been 
attributed to num erous causes. Greg (Joe. cit.) was of the o~mion th~t the 
type ot' yeast used was the ma in factor where~s A~len (Joe._ cit.) considered 
that a comblnntlon of fission yeasts and butyr1c acid bacteria play_ed a _v~ry 
Im ortant part. This la tter view is support~d by Arroyo _and m his op1mon 

P t r tli e a i·oma is controlled dunng fermentation by the type ot 75 per cen o , H 
',ast and Jmcterla used, together with correct temperat~r~ an_d p cont_rol. 

~~10 remaining 25 per cent may be attributed to proper ~1st11Iat1_on_ an~ agmg. 
He stresses the desirability of centrifuging the _wash prior to ~1st1lla t1on, the 
removal of pectin s , a lburnlnolds, etc. preventmg the for?1at10n of an un-

, . The type of fermentation appears to be of importance, Ashby 
pleast1nt a l o~n,t. . that a slow fermentation with a top-fermenting fission 
(Joe . cit .) 0 setrvilngtlie 'production of high esters and good flavour. Kayser 
Yea s t a ccentna ec f t t· th t · • tha t with spontaneous uncontrolled ermen a 1011 e e_s e1 s a1~ti 
<24 ) state~ 1 . . 1 1. but the higher alcohols lower than when usmg ster1l-volatile a cids are u g ie 
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ised mater ial and pure cultu r es of fiss ion yeasts. In the case of fl avonrect 
rums the Toru lae probably play a n im portant. part by the direct produ ction of 
ester s from sugars. 

It will be st>en from the foregoing survey that it is not possihl<> to pro. 
duce r um v.ithout the utilisation of a proportion of the sugars for th e pro-
d uction of constituents other than alcohol. H en ce a n y increase in th ese con-
stituen ts will mean a dl'Creased yield of rum . Some idea of the losses in-
her ent to the production of Jamaica rum is given by F loro (25) who considers 
that an efficiency of i O per cent of the t11eoretica l yield of alcohol would be 
'\"e ry good in a Jamaican disilllery . He points out t hat the losses Will be 
least for the lightest rums and will increase with incr easing h eaviness. 

In '\"iew of the much better :rie1ds wh ich a r e possible with pure culture 
fermentation. it m ight be thought that som e pr ogr ess in this direction would 
have been made but it must be remembered that various marks are s tanda rd-
ised with regard to qua li ty and the manufacturer is very chary of doing any-
thing which, while it would increase his y ield. might cause deterioration in 
quality. T here is little doubt that it would be possible to employ modern 
methods of fe rmentation with pure yeast and bacteria cultures a nd tempera-
ture a nd p H control, for the pr oduction of J amaica rum and to manufacture 
all but tb_e bean.est types of rum in a continuous still . but a considera ble 
amount of research and exper imental work on a semi-industrial scale would 
be necessary before such methods could be applied in Jamaica on a commer-
cial scale. l,nde r the present ha phazar d system of spontaneous fermentation 
a s practiced here the type of rum must depend very largely on the conditions 
obta ining 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, th is has been shown to be a fallacy, severa l distinct marks 
having be.!ll made in one distillery. but. so long as conditions in the distilleries 
remain unchanged. en'\"ironment will be an essential factor in the production 
of Jamaica r um . The pronouncements of the Sugar Industry Commission 
(loc. cit .) are particular ly illuminating in this respeft 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 scienti fic basis. A start has been made in the right direc-
tion with the ins titution of chemical cont rol in the distilleries and this wi!I 
bring home the extremely low efficiency of production , but it will be necessary 
to go ~uch fur ther a.nd to set up a r esearch scheme, preferably under the 
aegis of the Sugar Manufacturers ' Associat ion whereby all knowledge may 
be pooled, befo re any real progress can be made towa rds the r ealisa tion of a 
really efficient rum indust ry in Jamaica. In particular , isola tion in pure cul-
ture of all useful micro-organisms in dis t illeries and exa mina tion of th eir 
properties and productive pou,n ti.a lities, investigation of the r elation between 
the rela tive proporti ons of const it uen t s in wash and the composition a ud 
quality of the rum produced from th.at wasb , and or the means o! produ ction 
of the requi site quantities of those constituents in the wash by th e use of pu re 
cultures, a ll r equire a ttent ion . The possi bili ty of em ploying a process of 
continuous fermentation and of di stillation in continuous s tills should a lso be 
investigated while th ere a re numerou s other probl ems which wlll h ave to be 
solved and the results applied in practice befor e ru m mauuf'acture in J amaica 
can be termed a <scientific industry'. In vi ew of a ll thi s , the logical step 
would be the acquisition of a first class bio-chemlst with ex perience In fer · 
mentation processes so that any scheme which mi gh t he evolved would he 
certain to start along the right lines for , und er presen t conditi ons, th e chemists 
fn the Island have neither the time nor (as they will he th e fir s t to ac lmowl· 
edge) the necessary experience to car ry any such scheme to a HUccesHful cnJJ -
clusion and this proposition should , th er efor e, receive th e earnest con:,i r.lera -
tion of all who are interested in the furth er progress of th e rum indu stry 111• 
Jamaica. 

MAR.-.JrJNr., 1fM6] J.A.S.T. QUAnTF:RLY 
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11 has uot heoii posti i!Jlo in all cases to reproduce cbenllrnl fo mrnlae fa1thfu:ly 
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i'onnulne as ucc urniti iy ns possible within the abon1 mentioned lmlltat10ns. 
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DISCUSSION. -
)Ir. Wil1iums, Chairman , complimented Mr. McF ar lane on the a ble and 

deta il ed treatm ent of hi s Ruhj ec t. The pa per was then decla red open for· 
discussion. 

Mr. SJ)ringn sa id he had seen top fermenting yeast on ly once, in Jam . 
He d_id_ not agr ee tha t a lcohol fe~•m enta tion ,~as an a ~ae robic proces / 1c1~· 
Martm1que, E. A. Pairaul t had claim ed a 30% mcrease m r ecove ry by t . 1 

pure ye::i s t cu lture in a pilot plant, a llCl s ta t ed that the rum produced w~sin~ 
good quality. Til e temperature of 27°C. mentioned by Arroyo might 8

8
1 ° d f ' d i l· . ' t · t· ow own ennentat1011 an nvo ve mcreasmg va capac1 1es. In Guadelot 

yeasts were stored successfu lly in a substrate of pH 2.5 to 3 for period?ie 
6 months. 

Mr. Mcfarlane r ep lied that in Jamaica h e had seen mixture of top and 
bottom yeasts . In regard to temperatures , Arroyo had said that at 27 °. c h 
had obtained a better rum. · e 

)[r. }'loro 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 pure 
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 :lir. Smeclmore 
pointed out that one such organism had been identified in a distillery making 
high 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 fi gur es available of the 
fusel oil content of rum made from dunder from which a ll yeast had been 
separated. ~'Ir. 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 o~ a 
fermentation chemist to conduct investigations into the production of Jamaica 
rum. 

Mr. MacDonal(l proposed a vote of thanks which Mr. J. G. Da1'ies seconded, 
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