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FOREWORD 7'0 THE SERIES 

The dissemination of scientific information is one of the main 
functions of the Natural Resources, Energy and Science Authority. 
'The Journal of the National Science Council published by this 
Authority provides a medium for the publication of scientific research 
papers, and "Vidurava", the quarterly science bulletin contains 
scientific arliclcs ocageneral nature whichare of interest to the public. 

There is still a wide gap in the availability of reading material 
or  sclcxitiiis: auiojecl:, of loc.11 in,erest. One result of this is that 
science sludzi.h confine their reading only to their school notes and 
to the few availzble text books which are mostly published abroad. 
Baa an attemfii to improve this situation, the \%'orking Committee 
om Science E d u ~ ~ ~ i i 3 1 ~  R c b ~ a r ~ h  of tilt Ndlt,ral Reso~arces, Energy 
and Science Authority decided to publish a series of booklets on 
scientific ~oplcs of locd ictcrest as supplementary reading material 
for studer~h anci thr: general public. The authors who have been 
selected by ine C%,rnmittee to prepare these booklets are experts 
in their respr:c~iv\: 'ields. Tile niai~l~scripts thar were submitted 
by the autbais ;sere examined by referees before being accepted 
for pub8icarroll. The views expressed In these publications are 
those of the authora aqd are not necessarily those of the Natural 
Resources: E ~ l e r g ~  and Scicrlce Authority. 

1 m ~ s i  t i ~ ~ n a  Lac \;'orking Committee on Science Educatioli 
Research of r he ?"dfural X c ~ u ,  cci, ilnergy and Science Authority, 
and in parti~ulna Prof. V. Basnayake who is the Hony. Director 
of the Workia~g Comirmi~tee for the ~ \ o r k  they have done to  make 
this project a success. 

R. P. Jayewardene 
Director General 
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C h a p t e r  1 

INTRODUCTION 

History 

The yeasts haw been exploited for their ability 
to convert st tg~rs io potable alcohols in Sri Lanka, sincs 
ancient t i m ~ s .  Hilristorical ducur~-~entatc indicate the 
consurnplioi~ of thc intoxicant "sv.ra" around the first 
cent~arj A. D. In  eke ;>-ncien^L Srl Lankan system of  
grn aapirrg p2,opIe into uabtes, dept .iding oil their means 
o f  li~,eiibot)d, a .rcpar;tte il8iti: e~isted consisting of 
thc.re;s tappit>: pa ln~< for s ~ p .  This ii-adicates ;he rscog- 
nition attributd :,0 ehz productior, ofalcohnfic bevera- 

r ges jn the ancievt STB &,nnk;rn sociery. Howeater, she 
prq,d~rclio~. i rf a l ~ ~ ~ h u l i c  bcl erases rer~~aincd a cottagi. 
industry for cenruries. Later it, developed into an export 
oril~ii,ed i l l d u ~ t c v  hi- a short period, in the 19th 
cents cy. 

i r r  1834, the J-xs:il;c Ordiilai~ce of Ceylon ~v~tras intro- 
duced. T21is crea~ebf :i system nf taxes and licences [or 
the tapping uf eoc,>r~ut palms. The Excise Department 
was est&bPiqhcd in i 912 for the contrctj of the grodl~ction 
of alc:)hdlir, be:f:rages 3136 a new Gclvernn~ent policy 
W ~ S  evolved i:~ 1324 for regui;~risjng the quality sf  
arsack. \Vith ~bese ckanges the alcoholis: beverage 
production in Sri Lanka shifted from a s:nall scale 
cottage industry tt-, a privately owned large industry 



having eight coconut toddy distilleries established in 
the North-West coast of Sri Lanka. The distilleries 
were functioning under the supervision of the Excise 
Departnzenl and the produce was supplied to the: 
Government for sale. The State set up a distillery 
for COCOIXU~ toddy at Seeduwa in 1949. This was 
expanded as State Distilleries Corporation in 1974 
to include the supervision of the functioning of the 
private distilleries, thus taking away part s f  the t-es- 
ponslbilities of the Excice Department. 

Present sta8t.s 

The largest alcoholic beverage indrlstsy in Sri 
Lmka tocl;~y is thz coconut sap fermentationr ia~dus'iry 
which ~ T C ~ ~ I C C S  the fe'ct-q~ern~fed bevel*age "f odd y" and 
the distilled beverage "Arr;. ck" (Tcble 1). These 
beverages 3re ~ ~ p h l l d i '  due io tl~rir characteristic $12- 

vour prci'i~rcd b) ihe local -t,,ngue and the low COGI 

of production. 

On a volun?e b?.sis t . e  toddy accu~rnls for. 75 
percent of the fefmested alcoholic beverages it-i Sri 
La,n.ka. I t  Is co:ls;~iner~ a.s a f resh drink in the a?-eas 
whc-re 1h.e palas arc: tapped. The 'Ic~3dy is bottled 
an@ pastee!rized 10;- I~iproved k e e p i ; ~ ~  cluati'hies. Tile 
bcsttled loddpi i s  pop;.ll?.r in. the hill count~~y of Sri  

r 7 Lanka, wh.ere fresh loddy is i.to'L a~~zilable. % he 
bott'led i;oddj- ii2dustr-y catcj-s iargc",y !o those of .the 
low iatco:~!e g ~ o g p s  In thz  Estate sector-. PI-eseoily 
there arc= eight, teddy h~r.tlling i,?.i:toi3ies sjt.uated irr t13e 
Westesa coastal belt North o f  Colombo and in JatTt~a.. 



I'ROhsUCTlON OF ALCOHOLIC REI'ER4GES 1N SRI LANlCA 1N 1982 

Toddy . . .  14 298 611 19 298 611 
Beers 

Ceylon Brewery ... ... ... 4 221 190 
MacCsllunl Rrawerv 

Wines - 
3 privn!e cottage ii~dustries. (Fruit wi~ies) 4 392 4 392 

-4rraeks - Sfzte Distillcries Corporation 

Blended arrack . . .  ... 17 583 304 
Arrack(Coconut) ... 9 564 307 
A-rrack (Palmyrah) 

k'rocessed Arsacks 

W. N. Mendis Pr Co. Ltd. . . .  ... 75 867 
Rocklarld Disellleries Lid. ... ... 75 867 151. 734 

Foreigr' Liquors (locally produced ) 

Sri I.anka Sugar Corporation 
Gin, Brandy & Rum ... ... 43 109 
Arak ... ... ... 29 70% 

Rocklznd Distilleries Ltd. 

Gin ... ... ... 6 325 
Whiskey ... ... ... 2 140 

... Brandy ... ... 3 273 
Lemon (Gin) ... *.. ... 3 227 

Gilbeys I.td. 

Captain Cheers ... .". ... 298 982 
... ... V & A  ... 21 298 

Dominics Military. .. ... .,. 8 05? 416 124 



r \1 B riey produce the brands "Ambassador", "Apollo". 
" E ~ ~ ~ i r e " ,  "Leo", "PaIlr~yrah". "Regal" and "Singha-'. 
All the brhnds except ''Palm) ,-:th" cc . I  tai n cr)cctnrr t 
toddy. 

. - 
Next tca toddy, tile ~.; :rz i~ i t cri11.ei.3 t.ei.1 Iseveraga: 

in Sri La:-ika is be<r. Bul:sr a ~ ~ i ; ~ r ; - l . ~ s  hr 35 pflccnt 
of the !mal c~:+~surr?pii:~i; ~r: '  i.he h;-ejwd products. 
The beers and stouts are prodikced ic;. two breweries 

'C. ;. situated 3.t ?~ii:t'.i~6i~i~i Eliyz :!,pd Y V ~ C C ~ C ~ ; ~  (off Z I C ~ , O ~ ~ C ) .  
. . Almast, ail eh(: r ; ; . ~  ~ ~ ~ " , ~ ~ ~ i i ~ !  nc.eciq ille br%. ~ u v ~ i i ~ . ~ ~  .A": -c 

are impai-.led. Their beverages a @ p e ~ r  hinder !:evera'r . . 
tracfs ~ T ~ I I ~ S .  - 2 ~  bet:. ;:,:xd s t ~ u t  ir?busti-ies ma.snta~n 
the sai?n:; standar;ls an2 similar precessing conditios-is 
aa in "Lrc breweries z.!.nd ";~eii- brand mme5 
;2trt al;~~(;iz<;cd with. the m-:b!-~d;: sf prcccssing irr thc 
byewery, ths $pi= of yeasts used am6 :he :~Te:o?~olic~ 
strength., in. lteepirag with -th- estabfis1li.d norms in  
the beer indrlstrjes c!se~v?ie!.e. 

_A,&:".su.l~ .- gh, $11~ dern;:ritj f<.)i: x.:?ri?2:-5 i:; $; J (-:I.: ia? Sr i  
F_a.:.r,kz, special.iy rd,u.ri ! ~ g  CImrisl: mas, i x i . 1  i;.klirr.r:pts had 
by:n to esta,bji,sh 2: )k/jjl!: ::~d~:;t:;q, in S;.j H,;:I,~T?:~.. 
Th.is may probably be $;;c ti: trae limited prod~ction 

7 .  . . 
of gsapzs an$ the :ri:.;,4; c ~ . : ~ r n p ~ ; ~ : ; ~ ~ ~ : ~ i  I's.ona tire chca.ye: 
fermcatetd beve;-agcs tocld;; ;tad beer. Thei-e exists 

l:j,ygc j3tentj;il fb!. ihe pi-odu~iic~li of fl-uie wines 
Sri La2ka asing the exotj ,  vasierjcs of tropical fruits. 
Howcvt-r, the amc~urat of \)ljiiy:s ~B.OIJUC~J i.odaWy jTablc 
T \  + 

8 )  1s negii~ibje aild operate as 2 hcme industry. 

Hn. t h ~  area of :he stisti1ia:ti bevcr:ipes the demand 
fô sr file coconut based :zlcohol~c Sevel-ages GannOb 
be met by the present production capacity. T!I~-, 



coconut, siip distillates are therefme blended with 
s?i~its froill rntjlusses to brddgc ga? bctwecn produc- 
tion and the demand. These blends are referred to 
as '"Special" brz-elidq and soanetilmles contain v~ l ly  
three prcenl  o f t t h c  cecor~i?t c-ap dist;Ilates. "Fie 
Sk~te H9ist421~ries C~rn<b:tr:;ti,?;. ~ ~ z ~ c l ~ a w  the rectified 
spjr;;, or silent spir14s f:x blenditrg. Soc;lSiy, fr~rn 
the sugar cane indlrstr- at Hingurancl r~iad Matrta.lai, 
and cocofiebt spiri~s fr'rom 6RcckT;.,rd' aild 'hrestig,a' 
Distillaries. The Iota-I pr0d~ckit71~ o f  the sj!cnt spirit3 
is FAT I~X;JT'Y tke ~-c~.~uirernents alzd spit-its are imyorted 
from corrvtr:,-s s ~ i c l ~  a!: Brazil. She ii-i.aports are scme- 
tirncs as higi-n AS 303; (?F ikle locl-lI needs. 

The bracds of arrack grr:duct:b by i . 1 ~  State 
Distilleries Coi- oret ti on belong to three brsad groups. 
'The blends of si3iiits from coci?r;~_:t ~2n.d wgcr cane, 
defined as blended arrzcirs 21x2 mzrketed i l ~ ~ d e r  two 
made names the "Qyccial Ari-ack"'.iaci ""Extra Special 
i\~.rack". 

r - 1 7  

1 hc SC,CC)II$I group ccrrisis.Ling oi' distillrttes from 
cocrrnut, rn:;&rarcd fer difizrent di-isations arc branded 
as "Cocor~.~lt Ar;ack7', "Sri Zznka. A r ~ a c k ' ' ~  "001Q 
t 4 h ~ ~ ~ , ~ y f q  “~@-i, l J  C. ; -T~  ,..;"-L,i,:...2 Oid A r:-ack (VSOA)", "Old 
Seeduw~,", "'Se~en. ?rrear BId Coconrit Arrack", 
'Ten I7,'e2r OIi; Coconut Arracii'. and "Dorrb%e Dis- 
ti;je,j 4 - . 2 - 4  k?'. 

1- r i* i r  

m .r he distillates F T O ~  p ! 3 y ; t h  sap is brani4,ed 
r c - 2  r a.s k airnyrah Arrack". 0 6  the total volurne of dis- 

tilled Seveieges produced in Sri Lankz 98 pel-cent is 
.manuE2c&larea at tilt: State -Distilleries Corporation 



Another category of arracks produced in Sri 
Lanka are referred to as the processed arracks. They 
are manufactured by processing blends of coconut 
and neutral spirits at two private distilleries. the 
Rockland Distillery and W. N. Mendis aiid Co. ATt 
other spirits produced in Sri Lanka uses sugar cane 
molasses as the raw material. They are cczllectively 
referred to as "foreign liquors". The "foreign 
liquors" are produced at the Sri Lanka Sugar Cor- 
poratioa, Rockland Distilleries and Gilbeys Ltd. 
The products from the former two distilleries are 
named to simulate the more popular brands of spirits 
from the Western Countries (Table I) and the local 
product arrack. Giibeys use their own brand names 
which do not indicate ally association with the spirits 
distilled from raw materials other than cane sugar 
or coconut. The silent spirits are imported for some 
af these industries. 



EOIOCHE.hAISTRY AND MTCRORIOLQGY 

Theory 

In alcoholic fcsmentation, a sugar such as glucoce 
or fructose, in ssllutisn, is converted to ethyl alcohol 
and carbon dioxide. The energy released during the 
cnnuersion is utilized by the micro-organisms. The 
total process can he approximated for a hexosc by the 
equation : 

This represenla a theoretical yield of 51 7: (w,'w) 
for ethanol, based on the sugar :ised. The loss d ~ r e  

--3 

to p~c~duction of carboii dioxide is 49 % (wiw). I h o  
estaation is, however, o i~ly  aiz anproximation. I n  
additioil io the production of ethcc,nol and casboh2 
disxide, 5ugcir 2.: cu;~su;l;erJ by the ycasts for growth 
and in Iktl~: prodixeic-n uf smsl; ;l.nn~!nts of orher corn- 
pounds. StctdHcs or?. de-cailled mass bafal-scrs of 2?co- 
hoLi2 fernaeatit~io-r-r irxiilg selected yeasis i r ~  ?Itre culture 
(Our& 19'77) suggest that an  .;-thncioi yield of 30-9SX 
as predicted in r he ab:ive equ:stion 3s sbtair-rzble. 'Tiw 
yields for other productrs fail in tlte range3 given. below. 



Glucose ( I  O g )  -t Ethyl alcohol (43.8-48.4) g 
Carbon dioxide (43.5-46.61 g 
Succinic acid (0.6-1.4) g 
Glycerol (3.0-5.2) g 
Yeast (Q.4-1.9) g 
Fused oils arrd others (0.1-1.6) g 

Congeners 

Ethanol in  its purc form has little flavour and 
none of the characters of the popular self flavoured 
beverages 9uch as toddy, wine, brandv, rum, whiskey 
and arrack It is the one percent, or thereabouts, 
ofthe other cornpounlds (Table PI) that give a liquor its 
chkzrac~er. % hese compounds are przsen t in&\ idually in 
eBle tr&r of parts per million. Sc3:ne ( s f  theem are 
pb-c.ducei,I dtufng fisrnicntetion ~.v?p,ile o~I~L 1:. /,riginate 
from the raw materiais used as thc snurc: of sugar. 
A few hundreds o f  these congeners arc pc-?sent in 
alcohvlic Sct3 :rage\. A~noilg tl~ern, two groups crf 
csmpl)unds the '"fused oils" consistiing of three tn 
five member carbon  alcohol^, :md the cthyt esters 0:' 

a variety of ratty acids, make a rnaj1:r ccrntributioll 
a0 the flavour ~S~aornalainen and I,ektnncn 1979). 

The alcohoiic fermentation represents a single 
step in a more efaborate series of Siochernical chzngs; 
b r ~ u g h t  about by micro-organisms to obtain their 
energy requirernents. The total process referred to 2 s  

spoilage consist of' the following steps. 



.\KOMA COMPOUNDS REPORTED IN ALCOHOLlC BEVERAGE 
(KAHN, 1969). 

Alcohols 

Acids 

Esters 

Acetals 

Phenols 

fiydroca:bons 
Nitrogen comoounds 
Sullhur compounds 
I.actdnes 
S 1$9rS 
Unclassified compounds 

Cl to CI6. matsutakeol, rnent!~ol, 
octen-3-0 l 
formic to heyacosanoic (C,o) iauric 
palrni:~~. stearlc 
many combinstions of above acids and 
alcohols 
formaldehyde to many substituted 
com?aunds 
Dietl~oxymethane to triefhyoxy- 
propane 
vanillin. syringaldehyde, contrib:ltcd 
mo$tly from w w d  
benzene, naqbthalene etc. 
arrllnes, pyrazlnes 
methyl, ethyl and pentyl slilphides 
bu~yrolacrorie to dodecalactones 
frLlctosc etc. 
lign~ns etc. 

3 
( 2  
Q 

Acetic acid c ---- -- -- ethyl alcohol 

4 
Carbon dioxicii: 

In nzt:rre, the first step, cc;nver;ioia of  P O S Y S B C C ~ -  
arhides tsi ~ i m p j c  hersow sugars i s  b~.~j~!ght about hy 



either t l ; ~  m ~ i d  enzj~rles, as in solid phz-3e Termenn~ations 
of raw materials such au soybean ro produce " tennpeh", 
or by the inhcreqt enzymes, in cas.; of malting of barley 
P tor the prodmctir(a~ of ethyl alcohol. 

"i h;: micro-organisms responsible for the 5econd 
step. khs cnnversion of sugars to e t h a n ~ l  consis! of a 
variety of yexsts, dominated by those belonging to the 
Genera Saccharomyces, Scl~izosaccharsmyces, and 
Pichia. Aax3,ong them the spocjcs of Saccharo~~ayceli 
cerevisiac, S~cchat.oi7~yc~s ~llipssideus, Succharairtyc~s 
b~yanus,  Sacclzarornjc~s il?elxzliei-i c;ri~3 Sacc.knro:~yces 
exigwtls zre o'bservi=d tc bz dorriinant or- used ilz differeizt 
alcohsiic fermenta:ion j n:lus:ries. Srirrrctimcs certain 
st ibsp~cd~s ~f &he abo se erg43 isr!-is sl:r,h as Sncch~avo- 
myces cerevisias CaLsbshergerwis arc ilsed for specific 
flavour chasactzristics in eh e bcer i:ld ustry. Weccnrly 
the bacteria Z ~ ~ ? ~ O H ~ O ~ Z O S  311. has gaincd pspulL:;i ty 
as ax ~ ~ c i c n t  stl~ailoi 13;odirci::g urgzo i s- 8: r.3peci;jlly 
in &hs ~rod i~cf io~ t  f E ~ C O ~ O !  2'; a nlt,ti-li 

Under- satural. w;~ajitions t,he r-l.l?cla;e ir~icra-orgai.3- 
isins ka.>gci,f:e~ 3 v i i h  Inany o:l.her non-ethr?i?~~l p r o d u ~ i ~ ~ g  
orgmisrns are associat.ad with thz  secrr;ld step in the 
prnres?, . Such collections sf i?-licrc)-r~rgaasims arc 
rcporic:d <?f"ken c ~ i z  sqo n~~r>:i~:+r::< iy t:?!-c.;:::ted alcol-io!is: 
beve.,.agzs s:il=.l1 :is to&!;; (,Aktp>!i.b.:r-r;;j 2983) :i;.i.? 

se-psral .i\fiicaz be17;:raqes ~11ch. ;'; :;\31713i.l ( T ~ J < J ~  1, 

19791 a:ici :$~7;.,.,-.;. , 1 ~ ~ : ~  ;;3+~-.'; I .. :\icf 3; 1978). 111 ~ C O ~ C ~ ~ I C  A .  

- 7  

fer iaen;ai:ig;r 1 : i ~ ; ~ ~ i e ~  ?i~.:./i~-,:s s:?e.:if"ii: ;:!;;ohoi ccn.cck; - - - traticrns ant1 iia-vour -i-eqaire!r~ents :ire c~rtsidered inipor- . . r l  tant: such ~i; b ~ c i  i;~d::~h.ies ii~ ::I-i I,a.nka, oaiy 
certairi species o f  Sacci~rei.omyces capab1.e i?f yrodvcii~g 
the a-eq uired charactei-istics m e  lased for fc:;:ae:ntatic~ (1. 



1 n? un~o;~trolled C C ~ I X ~ C : I ~ ~ C ~ O ~ ~ S  the ethmc.ii pr~idd'tic- 
ed by above nrgacGsms are fkriher c o ~ ~ e r t e d  to acetic 
acid by bacuer%;a. rxainiy the Acctohac:~r sl/b~.xydons 

- -< 

specics. Bhis forms basis foi- rrae prod~:ceion of 
vinegar wlaich is a fikur percec?; soIutitil or 3ce;ic 2 ~ - d  
(step 3). HC the reac~ict-i.,:, are not clzeckcd e l  this 
stnge ftrrtiner oxidation (step b: may occur d v  tca thc 
activity s f  Ace~obac ce:. d! l.i.oxi~fsr?s. The alcoholic 
fsrmerltation thus forms one of line steps irs a sequcnce 
s f  biochenrical changes '~ading  to spoilage. 

Controlled a4icshslic fe~menQwticb:en 

In ihe ~nodcrra alcolaslic fernxoiation industries, 
the etihalzol pr-oducirag srcp of the above seyuencc is 
isoliaed and con !r>ir<?d for i  creased efficiency and 
regulation of the fiavoclr and ara3ma. To aci~ieve this 
sragars are extracle?Jrorn the i-avr malerial rrnder aseptic 
coraditions. The action of spoil;kzc organisms is 
preve2 ted by th: introduction of suitable aniifcrmcrfts 
or by heat treatments. The sstgar is next lerrnznted 
using selected yeast cultures of known eth~~no'l produ- 
cing capacity. The ability of yeasts to prod~rcc desirable 
congeners, resultillg in acceptable flavour and aroma 
is given high consideratio~m in the selection of the micro- 
organisms. 

After fermentetion, the brew is either processed and 
boltled or distiiled io obts-in the potable spiriks. The 
spirits are matured for duraiions upto twelve years or 
more. They are Slcnded, coloured arid flay~.oured prior 
to bottling for sat:. 



CHP2pter  1x1 

PALM SAP PFRMENTATIO% 

In  Sri Lanlca, the an~tjor raw material for the a1co- 
k~oiic fermeniatio~a industry is obtained by tapping the 
~cnder  inflorescence o F three palms thc Cocornz~t (Coco,~ 
ijucqera &inn .) (Pel.- Sinkcila ; Ter r~n i  - Tamil). the 
~aSrnyrah [Barassusflnk~llijcr L.) (Tal- Sinhala ; Panai- 
T.l~nii) and the Fish-Tail or Toddy Palm (Cavyota 
weirs L.) (Kit ul- Sinl~ala ; Tippilipana- 'famil). Or 
thc three the coconut is tapped industrially in largc 
scnle in the are2.s of the Westerr, caa\tal belt of Sri 
LEnka extending to 75 k n  North and 50 krm Sotit11 
of Colombo. The infl!rescence c f  the p~-!Brnyrah palm 
is tapped i n  the JaEnc?. p~r-rins:rl;m and to a slnall extent 
in the Eastero coast of Sri Lanlia. T11e "k%-&e~l" palm:; 
are not grown in large sc;ile in aily ya-riicul;lr area of 
:he country, but is tapped wherever it is available. 66 
exists as a cottage ind~lstry for the productiolz of toddy 
and as a source of sugars, treacle and jaggery. 

In conxrast to those fermen~atioi~ industries where 
the sugar 3s extracted from the ratv material, either by 
cruslrjng or dissolving in water, the extraction of llae 
sugary juice from the pafn~s itsclf is a ?killed technique. 
referred to as tapping. 



Tapping sf the Balms 

The method of tapping the cocc~nuk palm is ancient 
and remains muclz the same even today (Nathanael 
1970). The tender unopencd spadix just prior to splitt- 
ing of the spaths is suitaLle for tapping. By this time 
the spadix is a b m t  60 cm long, 7-10 crn in thickness 
and show a slightly bulgi~g base due to de\~elopme~-at of 
the female flou~ess insidz it. 

Prior to commencement of tapping t be preselected 
spadix is tightly boul~c-f with fibre all aEoiag its length 
at inter1;als of one to foiir centimeters. This prevent 
it opening out prematurely. The outer surfzce of the 
spadix 3s ?he2 bruised by beating with a w~voden mallet. 
The pointed apex of the spadix is pounded with the end 
of the mallet to crush the tip. The operation is repeat- 
ed on the second and the third days arnd a thin slice 
of apical tissue is pared off oli the third day. The 
cut eamd of Ihe spadix is carefully pounded with the 
handle of the rnaI!ek to pack the crushed floral tissues 
tightly at the apex. This prevents the exuding sap 
cc~llccti~ig within the body of tlie spadix. 

The tapping and pounding operations are conti- 
nued c.11 the fourth and fifth day. From sixth day on- 
wards a thilr slics of tissue is pared off from the frce end 
of the spadix in addition to tapping and pounding. 
The slicing is continced twice a day and tapping once 
a day till the sap begins to drip. 



As the sap cctmmenczs to flow the fi~pging and 
jmundirrg cperati70s are dscr ;~t inuec~,  btrt the spadix 
is sliced s f f  twice a day. At this st;ge Ihc spadix is 
'xnd downwards to an s $ i g l ~  o f  30' to the horizon~al 
a-zd tic$ to a c06;onut f ~ m d  A fluted syr.ut ~ ~ i a d e  of 
gcecil coconut Is~i'is pinned tn cut er?Q oftbe c~n$i>, 
to direct the sap jato ihe eauthemlirzre collection pot 
a;lipp~% over the free cnd s f  the spadix to coilecr the sap. 

The preparation of the s~9adix rnay take up IL~ a 
<math and depends 02 the e~pertise i!f thz taicpci, 
method of  tapping, seaso;~al coi;ditions : t a d  the nature 
of the palm. 

As ilappi~g continues the spa~he covering the 
infloresce~ce get dried a ~ r d  falls off. The spikelets of 
the iiiflorescenace are then firmly tied with fibre and tapp- 
ang is continued, soinetimes slicing even the stalk of 
the inflorescence till the Pow of sag stops. The poun- 
di-rlg and tapping operatiorls are not practised in the 
Philippines and Java (Copeland 1 93 1) ; i ~ l a l j r  ~lieing is 
done to obtain the sap. 

Tn addition to slicins c:ff of i h e  spadix to create 
a wound certain mixtures of plant material are applied 
~pct  thz cut end of the spathe by some tappers. This 
prevents thc rapid hea'li ng of the wound (Browning and 
Symons 1916). The substar~ces vct;.d are lime (mineral), 
lime fruit (citrus) leaves of cinnamon (Cinnarnomu~~? 
zeyl"anicum) (Kurundu- Sinhala ; Karuwa-Tainil) wild 
cirirlarnon (lV~olitsen cassia: Devtt8 kurundu- Sinllxla) 
shx-flower (Hibiscus f~rrcafzrs; Naabritta- Sinhala9 



and other species of ,Vihisciu, Aporosa and L;,i.iou'r~~d+on 
anfi'ue tuosw~~: (Inzbul- Sinhala). 

The -flow of sap is variable, but reaches the maxi- 
mum when the inflorzscctlice is tapped near the female 
flower buds. A single spadix could be tapped for 
nearly one ilaonth arid duriirg this period a second 
spadix is brought lo y.roductiun. 

The yield 'zf sap varies Gsln  spadix 163 spadix. 
palln to pzhn, day t u  day aizr", seasa: t~ season. In 
Sri Lanka it had k e e l ;  f o u ~ r i  to be Tc.1r.e econr;r,lcpl 
to ta~3 for a p~r iod  ~ f c i g h t  mrnths and give a period 
sf r;st fd~h3r f1311r ~ - I O P J Z ~ ~ S  :innually. The pailms are 
a:Iowed to -r-est ~ U T ~ T I S  the <"i.diiights of ,li?,~luary t ~ )  
April. 

~%m:lrig thc varietizs of COC:~~IU;S i h e  dwarfs (iVcr;vrj 
arc inneco nornical for : zppi s~g. Tlae tall varieties 
(Tvpica) give better s ~ p  yidds averaging to 1582 mi 
psr d.3 v hcn t2ppeS tinrougj~oui the year (NatPzal~ael 
1955a). 'r'hs corrc:sv~nding yield fcji- the tali x dwarf' 
krybrid palms i s  31 77 rnl (Peganathaa 1974). 

In th.e '"kitv!" pall- r he irlfloresi=encz is first stimu- 
iiated b y  dqpci?lr?: 2: :~~ixtwre ef ingrzdienfs into a 

,-- cavity m a d ~  near 1 i . i ~  axil s f  tkne inflo~escen.ce. a he 
spadix i s  waslieci with i z 9 . o ~  juice and leave:; 17f certain 
jungle wines a.se coiled round the spadix is prevent it 
opk;.nizj.g. Thin s'ricei; :>f tissue are cut a:K from t he  
..~pir,al r.eg;icn daily a.nd the exuding sq?  is collected 
Cfi!Iolescrda 1 945). 



The palrnyrah palm is dioecious and both male and 
female flowers could be tapped. The male is found 16) 

yield more than the female (Corner 1966). Here too 
the uaopzned spadix is lied with fibrous strands and 
thin slices of tissue are cut off from the end of the spadjx. 
The exuding sap xs colleciled in earthenware pots. 

Physiology of flow of sap 

The 51ow of sap f?om the sliced inflorescence is 
suggested to be an active grocesc in view of its similarity 
to flow of liquid frola7 a wound in  the skin (Copelaatd 
1931) and also bstsed on thc ,,bservation that flow of 
sap occurs in defoliated and felled trunks of palms 
(Bose 1923). The exudation also sl~ow a polar nature, 
a5 a stem of a tree with infloresce~ce tapped cannot, 
yield sap (Tamrnes 193 1). There is evide~ice to suggest 
that the flow of sap is associated wit11 respiratory 
activity (Pethiyagocla 1378). rke root pressure and the 
thc acthe secretion by ccIl.1 near the tapqed area 
(Corner 1 966). 

Composition sf palm saps 

The fresh cocona~t sag as if drip3 from the spadix 
is a faintly brownish liquid contairting 15-18 pcrce17t 
sugars airnost totally in thc forixs of S U C T U C ~ .  Apart 
from the s~jgdrs thf san also vi?!?ldins 2.5 pcrce:~t non- 
fermentable roaitzc \~ihici; 0.5 pcrcznt is ash ,and two 
pescedpt 1s ~ r g a n i e  sslids (Tabie H l l) including pro te~nc, 
fats, gummy cubstances and ~nL:or cofistitucnls (Nritha- 
nac!. 1969). Vdriable rnacrnn !r trient conc.cntratic)nr 



WALYTICAL. FIGURES OZ' CONS'I'LTUEM'S IN THE COCON3J7' 

PALM SAP 

'Total solids 15.2-19.7 2.43-3.36 17.5 3.72 

dg/lao mn (17.04) (2.39) 

Sucrcsc 12.3-17.4 16.5 0.29 

(g/ 100 mi) (14.3) 

iZ$h 0.1 1-0.40 0.23-0.35 0.40 0.4 i 
(g j 1 (10 mi) (0.26) (0.30) 

Acidity (as acetic) 0.93-0.21. 0.12-0.35 lraci 0.68 
(g/lOO ml) (0.10) (0.33, 

Gum (gi100 ~ n i j  - -.- - -. 

Albuinarl -- 
(g/i00 ml) 

Oil (g/ lOCil11) .. . -- -. 

Prc reins C 26-F.32 .- 9.803 .- 

lgIll0C mlj (0 29) 

1 Brovr3i:ig and Symons (1316) 
7 67ibbj (1321) 

3 U~ad,:termi~ed Ni?rcpr,naus compounds 
Figures wit1Gii br;..ckots are aveirge valucs. 



(Table 1 &r3 and &e ~nicr01~~li~ie~1Is Iron, .Va~.igauese--. 
Boron 2nd Zinc hsd h e n  obscrs-ed (Silva 1974). The 
fresh sap coatzi:-rs 150-300 ;ng of 3scorbi.c acid per 
100 ml (Benerjee 1935). 

hqACRO 4 K D  MICRO NUTRJENT COST ENT OF COCONUT PA1.M SAF 

~ - - .~ 

rlnf~mre?:ted S C I P I  Ferme!~red sap? 

(gI100 m0 00 tnl) 
Nutrients Range dverag: ~Pange Averate --.. . . 
Nitrogen 0.033-0.035 0.036 0.030-0.037 0.033 
Phosphorus 0.015-0.023 C.019 0.023--0.030 0.026 

(as P, 0 s )  
~oiass ium 0.144-0.203 0.173 0.128 -0.0200 0.163 

(as Kz 0) 
Calcium 0.0017-0.0021 10.0019 0.0017-0.1.121 0.00% 

(as CaO) 
Magneqium 0.0060-0.0085 0.0072 0.0035--0.0045 0.004 

(as MgO) 
Manganese 4-1-66 n g  51 mg -- -- 

(as bin) 
,- - ..... .- "" . , . 

1 Nathannel (1955) 
2 Jeganathaai (1974) 

Apart fron sucro3c the other sugars r)bserveb in 
unfermented c ~ ~ c ~ n u t  s2:y were gluc,)se and fructose 
in traces (,4tputharajcth 1953) a:id rat311c~se and ir~rsitol 
(Gopinstha:? l96.2). The orga:~ic n.ci$s iac!ic acid :ind 
5uccinic acid had t-;eel? dcicct.,-,2 (At pa;th~ir.ajr?h 
1983). V,tr~ P::e Savirgc; (1971) rc.pi)rted thc prj.C?eiiCc 
of tanaric acid, m:%lic acid, py~uvic  zcid, cis-xci~niiia: 
acid a11c-k cinric acid in addition to khc above in fcr;;~zn- 
ting cnc:>~~ra t sap. 



n sea scbr-i_dly, sedi n~enls o f  whi tc ge!a Li~~oals masses 
c.c$tald be u%;er:~ed in ~ 0 6 0 i 3 ~ t  sap. This material cowid 
sclzerlrncs be see11 even (,;a t71e ~pr?~!ix itrid Is referred as 
* L R~bath ' '  due to its resemblance lo u:),ls!<s-f i-ice. The) 
lare p~lysaccharids capsliIztioi_~ prC+duced by the 
micro-organism; of  the LZUCOZCS~O(  ~ p .  They convpui'l 
the sucrose III ihc sa? to C : ~ c t l - i ! ~ i ~  (§a'i~a~;ijeew2 Pi c I .  
29778. The acid hydrolysis r f  the '"rabakh" pr-c.duc\td 
fructose. glzcose aild sevstl uvide~-ntifisd sugz"*f 
detected by paper ~ h ~ ~ i v ~ c t ~ g r ; i p l ~ \ ' .  This indicates 
tklc presence of ma:q breakdov~r-, p r ~ d u c ~ s  from 
complex r+~o!ecnleq such as polyszccharldes. The 
"rabath" also c o n t ~ i n  the amino acids alanine, a m i ~ o -  
butyric acid. arginiqe, aspartic x i d ,  giut?mic acid. 
glycine. jeuci~c, urn i t hint, - 1 .  ae;.irme, thre- 
onine, tyrosine, ard valine. These may probably be 
the sugars present in cocontit sap itself that has got 
tx-a~psd into the gelatinous encspsulatio~~s. 

The pahnyrah sap coratajl~s lesb sugar than tkne 
cocoh:~e. The obscrvcd mean values vary between 12. 
to 12.5 percent in the fornr of sucrose (Ratnasinghsm 
1967) arrd U? to 0.14 7; of reducing sugars. The 
reducing sugars were ide~ztil'i ed as glucose arxd fructose. 
Paper chromatographic studies had indicated the 
presence of another sugar suspected to be rafinose 
(S,iiiarimuelzu et al. 198G). Tlze paltnyr;tl.l say c s l ~ ~ a i n  . , the amino ;LCIES aspartic acid, glutalnic acid, seine, 
1 " slycia?, th:sonin:, a:Li!zinz, vaiins, Icuciae, isofeucine, 

tyro sine, pheilyl alalline, mzihionine, cystine and 
aininobutyric acid together wit11 the two arnides 
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in"-mibltou : r  ac:;vi:y ~ i ;  ~ni~ro-o~gaiiisr~-is ( 4,beygu~iia- 
wadenle ; 98%). Aqueous extraclh (ilor-i tziniqg 5-10 
~sercc*,i) froin dried bark or P'oTeriri cop~A!@rc? inhibited 
the growth of S t ~ ~ p k y h c o c c t ~ ~  and iz4io~ococc.u~ species 
isoli~~ed from coconut sap. Holhiei er- E~frc?~.obacter 
and Bua.i//?rs species 1,xc;e not dtrppresscd by these 
aqueous extracts. Thc puGyphe;~~:s frcttx Vbzteria 
cc~galllfcra bxrk a p p z x  to F:)ISSSS ;L selective eEect in 
suppressing eel-tain micrc,i-om-gar:ist~is ii? Tesr?~t=~atirag sap 
The leaves of 'Ankend,:' jAchrc1~j~cIZj3 ,vc.dxncrtlata) and 
bark sFMabaaia' (Greys at-horea) 247d i'ruits of 'Coraka' 
(Cuipcinia cnf~fmgig) kL3d :3t=e;3 bserved to bc less 
effective i ~ i  recarding f'c~rnentation af palm saps but 
  no re t;=:i^ccti\v in cl~if icat ion of tile seps (.I oacbirn ar d 
Kandial~ 1939). i n  the Phi2ippin:s dlee ground tan- 
bark of "ulzgog' (C~.i"ic.ps f l a p /  ($err) C. R. RO/?~HP;OM) 
is added to say colilec~ing barnbizo tubes for the same 
ieason (Fzrnalidtrz P ;  al. 1975). i;s Java a mixture vf 
jak wood (Artocarp;r)zls het~r~plzy!fus) ,  juice fi-onr leaves 
of Piper Irpetcl 2nd lime is used to jnhi3iit fermentation 
(Anon. 1978). The extr=icrs crf the bark of SaccogJo~'is 
gabonensi*~ is used successfully in arresting fermentatien 
of Nigeria~ Palm fVines (Fapnrusi and Bassir 1972). 
Hsweve-~. Okafm (1975a) was not zblc to separate the 
ejTsctive irihibitsry components f s ~ n - !  the bark exiracls 
of LY~~ccog!'n f i . ~  gabo/zt.nsis. 

The use of chemicals is a r:lorz cffcient and con- 
venient means of zrresling krmer~iation as their eflcc:s 
could bz quarzlified aid pre-decided. The cl~exniczls 
tested "ns ~.:ztlr'er~n-n~cis in psisa~ saps inc l~dc  addition 



c;f 7 ml ~olksene per pot (Wells am! Ferkin i 922), oqe 
percent alzlc~knolic soiutiow aC cupric acctate (Dennet 
!929), sa~urated  solution^^ of ccpper sulpphate (Cowap 

@za?.;e 1932) 10-60 ppi--i df .r.lphxnila~%ide (Wal- 
* .  wa? ker 19501, mixtures 3f po cassr L!I~I  ~;;rtipl:l te and 

. I  - sod j~m~ benzoal~ (8rucl;e h23 L ~ V I  !=?5?) methyl, 
progyl and h t y l  derivatives of para hydroxy Ix~rzoate 
(Urasokr 1966), sodirrnl 1x:e~aSisui l s F d e  {Jtyar; j 1961: 
Faparusi 19491, 0.2 percxnt beiszoic acid (Child 1974), 
potacsium sorbxw (Ohc~for 19; 7) and mixtures of them. 
Some of t hex  chen~i~als  are not pesn~ittsd ;as food 
zdditives today. 

Of thz vari7ur chzmic21s it is vrn-i-t!-r co!-ic~icleriazg 
thz sodium metabis:11yhi,te in view c f  its ~erccessful 
application in the wine j ladrlstry t n d ~ y  (Ameri~e and 
Munkee 1968). The sallphur dioxide (70 pprn) from 
sodium mstabisulphite was pzrtially effect i te in  arrest- 
ing alcoko8ic fermentation cf coconut s ? ~ .  Mowe~er.  
acetic ferm?nkation was fouii d to occizz- laler (Seyal3a.j 
1961). ?n EJo~is  g~uirv~~z.~is p l m  sap thc a m o u ~ t s  
of  sodiutn metabisulphite ne~ded to awest alcoholic 
ferarre~ztztisn at pH 4-5 swac f ~ u ~ ~ d  to be too high for 
'Pstnrnm ct.l ?sumpiion (F'aparusi 1969). 

Detailed studies ou tile application of sodir cm meta- 
bismlp!~;te in arresting ferrnentatkc.1 in the coconut sap 
;,f pI3 4 lmvc shown t h a ~  it is effective iri cl-recking the 
?saclz:rial activity. It stops the actii~:: c - f  wild yeists 
in i:oconut sap completely at co~zcentratj om of 158-200 
mg L-'. Experiments on the commercial exploitation 



of this method in the coconut industry by introducing 
sodium rnetabisutphite to sap collecting pots resulted 
in 29 percent increase of ethanol pro3uction at 188 r n g Y  
concentration of rnetabisulphite and duratiora of 3.6 
days of fermelatatisn (Samarajeewa Y t al. 1985). Tbe 
~naximum tolerance limit of sodium ~nztabis~Jpl;ite 
in beverages is 200 rarg L-'. The above method shows 
high potential as an industrially applicable technique 
for the controlled fermentation of coconut sap. 

Apart from the use of plarnt materials and chemi-. 
cals, heat treatments had been atte~aytcd for the 
greserj ation of unkrmentzd and fermented palm 
s a p .  Heat treatmenlt is rnsre acceptable than c:Piemi- 
cats and is easily applicable to the bottled sweet sa.p 
or bottled fc~z~ented toddy. Meat stsrilizatior~ of 
the coconut sap at 80 &3 for 20-25 rnixa. (Mobanadas 
1974) is practised widely in the coconut industry today 
in the bott l i~g of coconut toddy. However, the bottled 
toddy does not appear to be bioche~nically inactive, 
perhaps because -the treatment is insufficient for com- 
plete inacti\7ation of the bacterial spores and the heat 
resi?tant co-etx~ymes. 

Although 1h2 flash pasteusiz~tion of coconut sap 
of specific gravity 1.002 to 1.020 at 68-82°C and for 
durations of 3 to 5 see. w2s found to be satisfic?ctory, 
it cannot be practised j12 the industry zfficicntty unless 
rigid aseptic conditions are adopted (JeyaRaj 1961). 
The shelf life of toddy could, I~owever, be i:;creascd 
hy heat t-r.eatml:r~t,$ ~hlch BS coil pas?er~riza:ion, FottZe 



pasteurization and Seitz filtration (Alpon. 1972a). 
The caconut toddy whzn subjected to centrifugation 
f01:owed by flash heating at 85°C and leaving at 75°C 
for 15 min, it codd be stored satisSactosily up to srse 
mor~hh (Paranavitana et nl. 1975). 

Combir~ario~i of heat treatment together with the 
use of chemicrzls is: more effective as a preservative 
technique. Combination of 70 pprrb of sodiu-rrr meta- 
biseilphite with heat treatment of oil palm wisle at 48°C' 
for 30 min. preserved the wine without loss of flavour 
(Chinarasa 1968). rltlixtures of other chemicals such 
as sorbic acid, diethy1 pyrocarbonate and sodium meta- 
bisulphite together with hea! treatments provide 
satisfactory preservatike eRects (Okafor 19758): bur. the 
doses of metastslphite added was too high even in corn- 
bination with heat to be seccepted as a preservative 
(Mossel 6971) in oil palm wines. The vacuum con- 
centration of unfermented cocoranrt sap in a thin film 
line concentrator at 25 lbs per sq. inch vacuum and 
steam pressure of 5 lbs per sq. inch Fallowed by pas- 
teurization at 60°C for 110 min. retained the original 
flavour of sap and preserved it (Patric and Rama Rae, 
1964). However, the cost of such operations limit its 
spplisatioi~ in the industry. 

The need to develop methods to arrest spontau:eous 
fermentation in palm saps during collection has led to ;z 
considerable amount of laboratory research on this 
problem. But very little success had been achieved 
in applying zhetn in the field except in t5s: use of 
sodium metabis~~iplxite which was tested exteasis el y 
in the field. 



iUicrobioXksgy of the sag 

'Fhs major problem in the palm sap fermentation 
industries Irz the world is the microbial tnetabolisrn 
of the palm sap before it is brought down the palm for 
any treatment. This limits the efficient processing of 
the sap. Micrsbiologica? int~estigatiol~s of the palm 
saps by many $vorkers have shc)wn  he presence of a 
variety of micro-orga~~isms during colle~tion. 

The earliest reports or? micro-organisms in the 
evcon~et sap describes the presence of Sucrliaronzycus 
eerevisiae together with other yeasts resernbli~ag Sncchu- 
i-ornyccs elIi~p.soideus, Schiz~sacchnrornjw :~iellacei, 
.Zyqosncc.tzaro~~;~re~~ bniteri: Sacri~c?i.on;ycods Judwigii 
11ilh3 bacteria ,it?d 1110lda rssembii~lg &Ionilia and Oidiufn 
(Brow~lir~.g .zmd Symorts 191 6). D-)arn.;7darani ( 1928) 
reported two types of yeasts and one bacteria. Jn a 
carnparatlvl: study t7P ilie yedst from coconut, kituh 
and palmyrahsap; ali yeasts isolated were identified 
as %i~r:rlopsis (Liyaaia se and Serlthee Shari muganat ha11 
1940). 

In a miorc elaharrate study or1 the identification 
of yeasts fr'rom fer rne~t ing  coconut sap (Jayatissa p t  a!, 
1978) sevenlcen isolates of yealt3 bclsnging to fivc 
genera were observed. They included four isolates of 
Snccharow~j~ces exiguus, four isolates of Sacc/~e?.romi-~ce~ 
rerevisl t~~,  t ~ a )  i s ~ l a  tes of Yichia f~r.~ne?lta~zs ai3d c.gg?e 
isolatc each o f  the fo;3Llnwifig: Soccla;~romj~~e?i rusei, 
sYaccharr~rrryc~P~ ,fril:'i~[~l:~;, Tor~lopsis izokii~ii, Tornrkops!:v 



~ersatalis, Wingea robertsii, Candida robusta and 
Ganclidcl lam5ica. Later the same a.uthors reported 
yeasts of ths gxe ra ,  Sacchavomyces (2 1 strains) 
Schizosaccharo.wyces (one strain), and Candida (one 
strain) from coconut and palmyrah palm wines 
(Liyanage et al. 1381). 

Similar variable microbial populations were 
reported in the fermenting coconut sap from Philip- 
pines (Yamagata et al. 1980). They observed 
Sacclzaromyces chcvckljeri to be the dominant yeast 
in coconut sap fermentation. Of the micro-organisms 
isolated from the kitual palm, yeasts belonging to the 
genera Brettano;wyces and Sacclzaromyces had been 
identified (Theivendirarzjah et al. 1 977). Of fifteen 
cultures of yeasts isolated from the palanyrah sap 
(Ahmad et al. 1954) ciglzt isolates of Schizosacch- 
slromyces pon~be, six of Saccharorn~~ces c/~evalieri 
Guilliermoildii and one of Sacchnvomycodes ludwigii 
Hansen had been identified. 

Man3 similar diverse microbial populations have 
been identified from pa-111.1 s:~.ps of different origin in 
different parts of the world (Roelofsen 1941; Saito 
and Otani 1935: Sirnmonart and I,audelout 1951; 
Rassir 1962; Basqir 1968: Qkafor 1972a; Pee and 
Swings 19711 : Fdparusi 1969; Okafar 1975b ; Fapar114 
and Bassir 197 1 ; Okafor 1972b: Faparcsi 1973 ; Fap- 
arusi 1974 a-nd Fernandez et al. 1979). Almost 
all these studies co~icentrated on idetltificaticsr~ of 
nzicro-organisns either in a gjven sanlple at a si11gIe 



stage of fermentation or contributions from a given 
source of contamination such as tapping equipment, 
tapping holes, visiting insects etc. etc. 

In a more detailed study on the micro-organisms 
present at different stages of fermentation of oil palm 
wine, a sequence of organisms starting from lactic 
acid producers which are replaced later by ethanol 
producers, have been reported (Faparusi and Bassir 
1971). 

En the fermentation of coconut sap a succession 
of micro-organisms initially consisting of a dominant 
flora of lactic acid bacteria is (Table V) fo!!owed by 
a dominant flora of yeasts (Table VI). The yeast 
flora is later replaced by a flora of acetic acid bacteria 
(Atputharajah 1983). Even within the yeast flora 
dominance by Saccharomyces clzevulieri was observed 
(Table Vil).  Of the total yeast population observed 
in this study fifty percent consisted of the alcoholic 
fermenting yeasts Saccharomyces and Pichia whereas 
the others appeared to be merely present at some 
stage or other and get eliminated without contributing 
to alcoholic fermentation. Iii the coconut sap Saccha- 
rotHyces chevlierk is the main alcohol producing orga- 
nism in contrast to Saccharomyces cerevisiue observed 
in many other alcoholic fermentation industries. The 
role of the initial domiliarit flora of lactic acid bact- 
eria is reflected in the biochemical changes observed 
in the coconut sap (Fig. 1). An initial drop of pH 
from 7 to 4, a drop in the total sugar content and drop 
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THE DlSTRlBUTION OF THE GENt'KA OF YEAST IISOLAES 1'U wRhFeE31TING COi:<>\(IJT bAY 

DURING SUCCESSION OF NICKBOKGANISMS 

-, 

No. $ 
Genus isolates Perccntatc 

Crr ndida 
Pichia 
Succharomyces 
Others 

Total 

*Efficient Ethanol prodlacink yeasts 





in the specific gravity starts very much before ths: 
commencement df the alcoholic fermentation. These 
changes are due tllz activity of lactic acid bacteria. 
They produce up to 2.5 g of lactic acid per litre sf 
sap (Sarnai-ajcewa el al. 1981) prior to alcoholic 
fermentation. The spontaneoar fermentation sf 
cozomut sap by a i~atural microbial poj~ulation could 
therzfdre be inox ap?rop;.iately called a lactic-alco- 
holic ferment.lstion (Atputharajah pf a/. 1980). 'Che 
alcoholic fermentation h~rwever is followed by an 
acetiz fermentation if the process is left unchecked 
(Nathanael I955b). 

The totai procesb af fermeozalion in the coconut 
sap is by a succrssior. 3f ~ n i ~ r u - o ~ - ~ ~ i n i s r n s  whose 
zciiarities arc checltecl by t11e changes 111 tbe c5ac:rnical 
consti ta~erzts in the sap during fernaen tation The 
steps o&rc:arrliag in cocon:~,nt sap pdr.illcl~ tlie Cnctic- 
~,lcoholic fei-mentation nbscrved iiz i"4tlbi:en girl (Noui 
1966) and the s~~ccession of micro-orgxrijsm.; :~agge,tcd 
in pa!in wj:;eb (F,rparu?i a:16 Bsssir 197 1)  kjoth of v ~ l ~ i c h  
are pf-odatcts o f  spont:,aeous fcrrnent:i,tio~ls. Perlltepq 
the same mec\anicrn may be operating in other paim 
saps. s-crch as pa ' l~~yrah and kitul. 

For the fermcxtati..:,r~ to be i':R-icient yeast c~iltures 
of high potency should be rnainf,ain.ecl in. fermentors. 
"Viroodzn or metal barrels c:~u!d used as fermerrturr;. 
Th;: ferme:~ta*,ion 'i~,]klks thxe  in four days. Tl~cst: 
quality conti-oi aneasur-cs ac!d. i~ t1.1.c cost sf prcaiuc- 
tion for tl1.1;' n~anu?a&rtm'rr. Tha additionel burdea3.s 
are 119t greferred by t ! , ~  manufacturers specially %heal 
a b2t.air;l.g; ,.;uch as cocol~ut arrack bas a ready -tx;jrket. 



The production of high ethyl alcohol yields in 
~oconut  sap ferrnenatation is reported in pilot scale. 
The lnicrobial activity during the collection s f  sap is 
arrested by using flame sterilized pots containing 'Hal' 
bark and Lime. The collected sap is sterilized by heat- 
ing to 90°C in 45 gallon capacity barrels and alllowed to 
CCX~. I~~troduction of selected yeasts to the treated 
sap produced the ethyl alcohol yields of 9-9.5 percent. 
These alcol~ol yields amount co almost fifty percent 
increase in production compared with the ethyl alcohol 
yields of 6-7 percent obtained by natural fermentation 
(Samarajcewa el al. 1976). Yet the method did not 
gain popuiari ty in the indhstsy due to additional work 
and the cost jnvulved. 

Controlled fermentation 

-Masst of the pspbnkar alcoholic beverages in. the 
Western countries are grod~lced today by the con- 
trollled fermentation. These techniques cannot be 
applied directly in the fermentation of palm saps due 
to inherent problems associated with the collectisn sf 
the sap. 

ln thc cotlection of sap from the palms they are 
exposed in the pots to the micr~-organisms froan the 
environment for a period of up to 24 hours. The 
activity of micro-srgiinisms du-ring collection of sap 
could only be prevented by the introduction of accepi- 
able preservatives to the cleaned sap collecting pots. 
This involves more work for the tapper and Wliglzenr 



expenditure to the producer. The additional work 
reduces the number of palms that could be tapped by 
a person per day. The associated higher costs deter 
the manufacturer although increased revenue is ensured 
at the end by higher ethanol yields. Development of 
such processes need strong incentives in the form of 
higher wages. additional support of capital expen- 
diture for equipment and continuous operation of a 
demonstration with free technical assistance. The 
estab5shment of ''Generator'' vinegar process in Sri 
Lanka is one such successfuitl example. 

Examination of the microbial population in the 
spontaneously fermenting sap indicates that condi- 
tions could be manipulated for increased ethyl alcohol 
yields without introduction s f  selected yeasts. Of 
the 1 4 4  yeast isolates from the microbial succession 
in coconut sap tested for their abiGty to produce eth- 
anol, 52 percent sf the isolates showed 95 percent. 
efficiency in conversion of sucrose to ethyl alcohol 
(Atputharajah et al. 1984). The average ethy: alcohol 
production for all yeast isolates tested works out to 
4.4 percent whereas for the high ethyl, alcohoi psodu- 
cers the value was 9 percent. This indicates the 
possibility of increasing yields from the present 6-7 
percent in the industry to 9 percent. It could be 
achieved by suppressing the non alcohol producing 
organisms (wild yeasts) by introduction of 150-200 mg 
of sodium metabisulphite per litre of sap (Samarajeewa 
et al. 1985), 



Arrot her rna~or problem in the sps~~taneous fer- 
metntation of coconut sap is the production of hydrogen 
suhphide by the mics-o-srga~iisrns. This produces a 
strong sepall3ive sktPphurous smell which is common in 
bottled toddy. The hydrogen sulphidc is produced 
during lhe active alcoholic fermel~tatioir of the sap by 
the yeasts utilizing the amino acids methionine an-id 
~ystcine i n  the sap (Jansz ef al. 1974). Thz formation 
of hydrogen sulphide conld be reduced by 
promoting the coia\lersion of cysteine to eystine, 
inhibiting proteij~ hydrolysing activity or "@r the the 
introduction of 0.06 percen-rt ammonium ions to the 
sap (Fans? p i  crl. 1975; Kal?/at~anda rt 611. 1976). The 
introduciko:~ am~ljtoni~arn ions provide an  additional 
advantage o T i~ creasins the ethanol production. 

This is probably due to increased yeast activity 
associated with high nitrogen levels. In the industrial 
scale the isatroductior, of arnmor~ium chloride resulted 
in variable increases j n ethyl alcohol yields upto 32 
perce~at on  the average, sometimes showiaag iiacreases 
as high as 46 percent (Liyanage 1983). 



Chapter BV 

OTHER FERMENTATIONS 

Apart from the palm saps there are several other 
raw materials available in plenty in Sri Lanka, that 
could be used as the base for the production or ethyl. 
alcohol. Most of them possess an advantage over the 
palm saps because their juice is trapped in solid cellular 
material and hence could be extracted under required 
controlled conditions to be fermented. 

On the other hand it is not possible to expand the 
palm sap fermentation industry further by increasing 
the number of coconut palms tapped. The tapping 
of coconut palms deny the grsdwctisn of the coconuts 
which form a major dietary and export commodity 
in Ssi Lanka. Coconues are presently in short stagply. 
Therefore the alcshslic beverage industry in Sri 
Eanka need be expanded to increase the use of other 
raw materials for fermentation. Some of the raw 
nraterials with considerable potential are discussed 
below. 

Gaae smgar and molasses 

Cane sugar is used as the raw ~r~aterial for the 
production of Rum and Gin in many parts of the world. 
It also has gained a recognition as a relatively cheap 



raw material in the "Gascshol" industry where alcohol 
is produced to be tnixed with petrol as a motor car 
he j .  

The technology for the ferermenkation of c a w  sugar 
juice is szcst csrnplex :is that of beer. The extract 
need not be clarified chemically to remove interfering 
substances. The main sugar in the e:xtsact is sucrose 
which could be fermented directly by the introduced 
yeasts under controlled conditions. However the 
molasses tend to get contaminated easily by yeasts 
from the cnvironmeant (Liya~age cr nl. 1982). 

In Sri krrnka, the rnoiasses are used today for the 
prodxtctien of ethyl alcohol under contrt3led ccmditions. 
The feraioent is distilled xnai111y for rilerat spirits or 
rectified spirits. Little attention is paid for tbe f l a b  our 
charncterisiics of the product. The yeasts used are 
not of h g h  b~ewiqg quality as is being done in the 
fo~ei,on R L I ~ P  industries, where careful selection of 
micro-organisms is done to develop the required 
$avour characteristics (Lehtonerz and Susrnalainen 
1977). The potential of molasses as 3 raw material 
-for the production of quality alcoholic be\$era,ges is 
i~o t  utilized most efficicntiy. It only serves as a source 
of spirits that need he processed and flavoured in 
converting to ;rri acceptab!~ alcohs~ic beverage. The 
recent attempts to establish priimle sector alcoholic 
ferinentatisn i2dustries based on sugar cane have not 
reached expectcd success, apparr~~atly due is the high 
cost s f  production of the spirits locally. The spirits 



are cheaper in the vrorid market today. The bever- 
ages produccd from sugar cani: in Sri Lanka are sf 
Isw popularity, perhaps due to absclace of sufficient 
flavour colastikuents to inask the raw taste of ethyl 
alcohol. 

In Sri Lanka, it would be difficult to establish a 
Ruan or Gin industry that could compete success- 
fully with the arrack industry. Thz reasoils are many. 
Such an ; rld erstry lieeds fairly acceptable technology 
rt? obtairn inlpr.~i-cd flavour. 

Flavour is ~>rnc of the most important characters 
Qn which the coi3sumsr- would decide on rzn alcolnclkc 
beveragz. The flavour of coconut :zrracIc is weif est?,bli- 
shed today and is prefcrred by mar-$ Srl L3n1cLa?~s. 
Secondly the cost of prodcctio!~ of svch slcahs~!!~; 
besrerag3s may be more than thar. csf arrack. 

A mord f~ssible a?pi-;acls. wauld bz the dccelop- 
rxent of rnofasses C~imcntatior; irzdusirj t,: suyplc;ilczt 
th-, pdrn s2p fer~nentation indastry with. si'acnt spirit> 
far rnxe czcseptable bknds contairling at least hfty 
percent of coconut spirits. 

With the increased emphasis c);a expansjonz of 3ugar 
cans cultivation In Sri Earnka the potential ixa the use 
of molasses for the aIcohojlic fermentation iiadus~ries 
will be high in the future. 

Beer 
Production s f  beers is one of the well established 

alcoholic fermentation industries in Sri Lanka. The 
tschnology for the production is the same as in the 



Western countries. The old fashioned wooden fes- 
mentors are replaced by modern stainless steel 
fermentors in the SrB Lankan breweries today. The 
steps involved in. the production of bees are presented 
in Fig. 2. 

In this procesh the barley grains are moistened slid 
allowed to germinate to activate the Inherent enzymes 
for the conversion of the stored polysaccharides into 
more simples sugars such as maltose (malting) and 
glucose. During mashing the germinated grains are 
crushed releasing soluble sugars and amino acids into 
the water. The extract is sweet and is referred to as 
wort. If necessary, sugars may be added at this stage. 
AAes separation of the wort the sediment is used as a 
cattle feed and is referred to as spent grains. 

The separated wort is next boiled with either added 
sugar or added extracts froin other grains together with 
.'hops", the extracts from the flowers of Iiop (Humulus 
lupzalus). The "hops" contribute the resins containing 
the compounds hurnulones and lupulones which are: 
responsible for the bitterness in beer. The boiling 
inactivate the enzymes which had already completed 
their role of converting polysaccharides to simpler 
sugars. The boiling or the cooking also helps in further 
separation of the proteinaceous matter together with 
spent hops which is filtered and disposed as a fertilizer. 

Frior to mashing and cooking operations the 
germinated barley is k i l~~ed to inactivate the enzymes, 
The kilning also contribute to the colour sf the f ind 



B a r l e y  
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product, beem. Kilnir~g at higher temperatures produce 
the stouts which resemble dark caloured "Engfish beers" 
Lower kilning temperatures prodancc a lighter collours 
as in '"ern~an beers". 

After cooking and allowing the wort to cool its 
specific gravity is acBjt~sted by dilutior? or addition sf 
sugars such that the wort conlains the required csn- 
centration s f  sugars for fermentation. It is next 
fermented using specific straiws of the yeasts s f  the 
~ Z T ~ I I .  Snccharomyces. Thr: yeast? are sslected for 
varic~ars characteristics such as alcoholic strength, their 
ability to ferment at the bottom or top of the wort 
solution and flavt~rrrjassrna. 

ARer fermenhaticlla heess are stored for maturation, 
sedimentation and clarifjmtion. They ass next filtered, 
pasteurized and bottled with carbon dioxide under 
pressure. 

In each stage of fernrcntation the quality of raw 
matevials play a vital role irl the flavour sf beer, Fst 
instance the p ~ ~ r i t y  and quality sf water is one important 
criterion. 

A few handred brands of beer are produced in the 
world today. Thcy a11 involve modifications in the 

process, above basic steps s f  th- 

Barley, the raw material used far beer production, 
is expensive. Te is replaced partially today by the 
extracts from various other grains. In Sri Lanka, 



attempts have been made to use Sorghum (Sorghum 
vulgare) for partial substitution of barley in the beer 
production. The optimum conditions for the malting 
of sorghum have been worked out (Pathirana et al. 
1983). In a comparative study of malting qualities 
in Sri Lankan varieties sf sorghum (Jayatissa et ad. 1980) 
their malting losses were observed to be somewhat 
higher than that s f  barley. Among the varieties 
tested yellow and pink varieties were found to possess 
the best malting qualities. 

Rice is also substituted for barley in the beer 
production. With the achievement of self suficiency 
in rice in Sri kanka it may be possible to use rice as a 
cheap su'asstituent for barley. 

However, the use of these saw materials lead to 
sther problems such as production of haze in beer due 
to the altered molecuIar sizes of the proteins resulting 
in incomplete separation. Technological improvements 
to rectify these deficiencies need be developed. 

Cashew apple juice 

Cashew is planted in large scale in Sri La,~ka for 
the export of the cashew nuts and the extraction of 
oils from the shells. The cashew apple is a total waste 
today. The annual. prodelction of cashew nuts is 
around 150 metric tonnes. The weiglzt of cashew apple 
is 7-8 times that ~f nuts. This amounts to 1000-1200 
metric tomes of cashew apple containing 8 percent of 



contains 18- 12 percent of sugar and ferments naturally 
to @.\re an acceptable "toddy". Its potential as n 
source of alcoholic beverage need be explored. 

Many tropical fruits are rich soaarces of sugar. 
Xn the fruit ca~nninimrg iadustries the cuttings, core. 
pomace and peels from the fruits are discarded as 
waste. Somelimes 40-50 percexlt sf fruits are wasted 
this way. TIis contain &Q perce~at of extractabie juice 
eontainhg 7-18 percent sugar. 'The extracts from 
these fruits could be used as a raw material for alco- 
holic fesmcn~atisn to produce witass and brandies 
(kya  Rraj 198 I). However, they would pose limitations 
due to other strong chemical constituents that may 
inlzdere with the fer~nentaticrn. 

In many South East Asian countries rice is used 
as a raw material for the production of aPcc~holic bever- 
ages referred to as rice wines and rice beer (Steinkraus 
1983). In Japan it i a  done ira large scale in the produc- 
tion of "Sake"'. In several other countries rice 
wines are produced in small scaIe either as cottage 
~ndustries or as illicit brews. Thcy are referrcd ts by 
diRcsent local names. 

Basically the productiosa of these beverages 
involve the useof a mixture s f  molds (Mucor/Rhizopus 
sp.) and yeasts (Saccharomyces sp.) togetlasr with 



lactic acid bacteria. The molds breakdown the star- 
ches, the lactic acid bacteria reduces the pH and the 
yeasts ferment the sugars. Fermentation of rice 
for alcohol in the industrial scale would be one of the 
profitable means of utilizing rice in the future. 

Croc~mat water 

C~conut  water contains 2-4 percent sugar. It is 
totally wasted in the c o ~ o ~ t u t  industry today. The 
annual waste of sugar as coccsnut water was estimated 
to be approximately six thousa,nd metric tonnes 
(Samarajeswa 4 983). Coconut water is however, not 
considered as an innport3n.t raw material in the fer- 
mentation industry today due to its low sugar 
content. Fermentatioc ~,vith. added sugar or by mixing 
with otlaer sugar sources is one of the possiblemeans 
af utilizing it (Jayatissa et a/. 1972). 

Manioc (A?.'ln~ihot esculcntaj is a rich source of 
starch thatcould bz hydrolysed to sngars fbr ralcoh(3fic 
fermenta,tion. It is used in several countries for the 
production of alcohol. It is one of the popular 
crops in Sri Lank2 and could be used as a raw 
material for productio~l ~f alcoholic beverages. 

Cereals 

many countries in the world cereals are used 
as cheap raw materials for the yrrc~buction of a b -  
holic beverages, specially when tilere is over produc- 
tion. They ff-,rrn important sources of ethyl alcohol 



for the production of the spirits, Vodka and Gin 
and also for the production of blends of Scotch- 
Whiskeys. Present agricultural diversification schemes 
may produce excess of cereals that may he diverted 
for the production of alcoholic beverages in Sri Lanka. 

On the whole, the available raw materials are not 
fully utilized in Sri Lanka today for the production of 
alcoholic beverages. Many raw materials are un- 
utilized and totally wasted. The dependance on impor- 
ted spirits for production of alcoholic beverages in 
Sri 1,anka could be avoided if the available raw 
materials are used efficiently. 



Chapter V 

PRODUCTION OF SPIRITS 

The ethyl alcohol concentrations normally present 
in the fermented beverages are too low to impose a 
self preserving effect on the beverages. The common 
ethyl alcohol concentration are three to six percent 
ia the beers, six to seven percent in coconut toddy 
and ten to eighteen percent in the wines. At these 
alcohol cswcentratiolas the fermented beverages are 
spoiled by micro-organisms unless precautionary 
measures are adopted. On the other hand the ethyl 
alcohol producing yeasts, thenwelves cannot tolerate 
ancare than fifteen to eighteen percent ethyl alcohol. 
Therefore their activity is reduced at ethyl alcohol 
concentrations above twelve percent and stops at 
higher concentrations. 

In the fermented alcoholic beverages preservative 
methods S ~ X C ~  as heat treatment, addition of chemicals, 
saturation with carbon dioxide or fortifica.tiai1 with 
ethyl alcohol are practised to prevent the spoilage. 

Ancsil-ier means of preservation. is the concentra- 
tion of ethyl alcohol in the fermented beverage by 
distillaiion. The distillation separates the more vol- 
atile organic compounds together with a certain per- 
centage of water from the fermented brew leaving 



behind the less vol atilt: cumponen ts inclktding un- 
utilized carbohydrates, prkpteir~s and thc: yeast cells. 
This process leaves b e h i d  a considerable portion of 
the cc~rnpou~~Is that would otherwise indicate the char- 
acters of the raw materials used for the fermentation. 
The separation by distillation is a usefzl measis of 
masking the origin of ethyl alcohol. The methad 
could also be used to introduce new Bava)urs as is 
being done in the preparation of gin by redistilling the 
ethyl alcahol with added "botanicalls" such as cori- 
ander seeds, juniper berries a id  angelica roots. Thc 
conversion uf' feriner~td beverages LO spirits also helps 
in reduction o f  ;he bulk, lowering the traa~sport costis 
and the handling costs. As different concentnetes 
of the constituents in the ferment distil a r f f  at differaait 
temperatures the method could also be used to eliniintete 
unwanted constituent as well as to concentrate more 
acceptable constituent;. 

The principle involvcd in 1% distillation of zlcu- 
holic beverages is that at the boiling point of thz 
alcohol-water mixture the composition. of the v a p o ~ a  
above the liquid surface contains a higher concentratirr a 
of ethyl alco!scil than the liquid irnlra~diate!y belem 
the vapour. The vapour- once condensed therefore 
contains a higilel. concentratiorr of ethyl alco5ol. The 
same principle applies to other volatile comprments 
in. the fermented beverage. During distillation the 
components frum the beverage do not separate in&- 
widually depending on their bollin~g points, but as 



constant boiling mixtures which depends on the com- 
position of the liquid subjected to distillation. The 
boiling point of the mixture would be lower than that 
of the individual components and continue to vary 
with the changes in the composition of the csmpo- 
rsents in the boiling beverage. 

Well fermented coconut sap would contain about 
eight percent of ethyl alcohol. The pattern of dis- 
tillation in this beverage could be understood by stu- 
dying the liquid vapour equilibrium curve for a model 
system of ethanol water (Fig. 3). The figure is a 
plot of ethanol percentage in the distillate (vapour) 
against the ethanol persentage in the liquid phase in 
side the distillation pot. The line A-B represents 
the vapour-liquid equilibrium curve and C-B the 
the operating fine for the model. 

In distilling the eight percent ethanol solution 
its composition in the liquid phase is given by the 
point D (8 "/,). The composition of the vapour phase 
is given by the poii-at E (47.5 % ethanol). When this 
vapous is condensed it would contain 47.5 % ethanol 
in the liquid (F). If this liquid is distilled now it could 
produce a vapour of composition given by G ( 76.5 %). 
The process could continue on redistillation giving 
a third distillate of composition X (84.2%) a fourth 
of  composition K (88.5%) and so on. With each 
successive distillation the ethyl alcohoi concentration 
increases in the distillate, but the degree of enrichment 
decreases at each step. However, the composition 





of the distillate would not approach that of pure 
ethanol, as ethanol-water forms a minimum boiling 
point mixture (azeotrope) at 78.2"C at a composition 
sf  95.6 percent by weight of ethanol and 4.4 percent 
by weight of water. 

In a simple, single distillation sf  this nature 
one could theoretically expect to separate vapour 
of a certain composition from the liquid at  a given 
boiling temperature. However, in practice the 
rising vapour condenses as it cools on touching the 
walls of the unheated parts of the distilling apparatus 
before it passes to the condenser. When this happens 
the vapour rising in the tube comes across the cond- 
ensed vapour containing higher amount of ethanol 
than the liquid from which the vapour separated. 
This results in a reflux effect and the steps of several 
successive distillation described in Fig. 3 occurs simul- 
taneously. This effect is theoretically quantified by 
describing an equivalent of a number of plates in the 
reflux condenser. In the model system described here 
the reflux effect is equivalent to 5 such plates. This 
principle is utilized jn the industrial distilling plants 
(stills) to obtain pre-determined ethyl alcohol concen- 
trations by designing to possess the equivalent of a 
desired number of plates. 

In the alcoholic beverage industries in Sri Lanka 
two types of stills are used. The stills used for batch 
distillations are referred to as pot stills (Fig. 4). A got 





still is equivalent to: a simple laboratory distillation 
apparatus where the fermented solution is added to the 
pot and heated with steam, electricity or firewood. The 
still should be allowed to cool and refilled after each 
distillation.This still is a larger version of the alche- 
mist's alembic. It also contains a shore reflux column, 
referred to as rectifier. The rectifier helps in increas- 
ing the ethyl alcohol concentration in the distillate. 
However the ethyl alcohol content continues to vary 
during distillation in a pot still, the initial fractions 
containing higher concentrations of ethyl alcohol. 

In Sri 1,anka pot stills are used in all the cornrner- 
cia1 distilleries. In the distillation of toddy the pattern 
of emergence of different compounds vary depending 
om their association with other molecules and the 
boiling points. The separation pattern of congeners 
from coconut toddy (Fig. 5) indicate that compounds 
such as biltyl alcohol and amyl alcohol separates 
in higher concentrations in early fractions of the 
distillates whereas methyl alcohol separates in the 
later fractions of the distillate. Those separating early 
are referred to as "foreshots" in the industry and 
are added back to the toddy to be redistiIled to recover 
the ethyl alcohol. The next fraction that distils off 
is referred to as "middle runnings" and consist of 
65-85 % ethyl alcohol (vlv). The last stages of the 
distillate contains large proportions of heavy com- 
ponents. They are referred to as "tailings." The separa- 
tion of these three fractions at the correct stage of dis- 





tillations could yield a "middle running" fraction sf 
c,pti~num flav~)ur due t~ take best cornbination of the 
co?? g%ners. 

In Sri Lank~t, thc pot sti!ls are "31~0 used solely 
S;>r the purpose of conce71tra.ting the ethyl alcohol 
to 40-43 pt=rce:?t ~ a y i n g  ~ r ,  attention to thc separation 
nf congeners. Slack dis:i!lst~s are referred to as "low 
vines". They cannot be con~umed directly without 
'1thsrt11e-r processing, 3s they ~ontaiil  a Imge proportion 
0% .-rids and csiers. This disti:laflo~-t sxves the purpose 
uf conce~trating ethyl aicol~cll for its self-preserving 
accion frorn toddy which w~)aild othersvise gct converted 
ti? acids, arad ester. 'Fhe sljl!s used for low wiiie 
distillation at the co- pera alive disiiilesy at Danko-tuwa 
i s 1  1970's were 3jad.z of used 1.411 d i ~ m s  of 45 gal. ca.pa- 
city (Fig. 6). They are rcpiaced n e w  by a pot still. 
The appttrat~ts used for the illicit disfill~tina~ cf elllyl 
alcahol f ron~ ioddy in :he bxckyrerds (Fig. 74 also 
fi,":sk'l inici the ca~,cgr~ry of poi stil!s. 

Another use of  the pol s t i l l s  ic the second ~31s- 
tillatis~x of the I c ~ I ~  W ~ I I C ~ S *  Tht: cc3ncerltr:ltion of ethyl 
alcohol in. tlnc low wines i s  diltatcd to 28 yei-cent by 
volume and is dil;tihled. The fractions are colIected 
at p~-e-deter;nit-?ed stages depending on the quality 
aqd. the q u a r ~ ~ t y  G.? iniv wines used. Here too the 
i. * n, r~reshots" and the "ialliqgs" arc separated. Tk- LL 

".rr\iddlc wnnii~gs" arc further separated into two 
fri~c~ions, the "double distiIItsd midd lc rean~nings" 
CLI:Q thc '>ec:w?cf f~ac~ion". Dw-ine z"le doublc dis- 
ti1l:i~ion the rat$ o f  ?he distiliztinrl avid &he dcohol 
con kilt of the distil hztc i s  r,n,-efi;ll y tna2nitc~n-cd to obt2in 





Fig. 7.  'Wo i l l i c i t  ,li still-ation 
w i t s  cocsist~n~ n f ,  

A - Ti.':.est,~c cley p o t  'd,- 

h:,iling t.ofidy !wrtd-i imeliyu: 
sj I!IIP.I :i) 

H - Still !ienil ~! l i c ! :  is it s.mn!:.r,r 
p c t ,  i nve r r ed  , (vc ;n~ l~ i i i~a :  
, ' j i~, l ia~z;  

C - Ennhrm ?-ei?lfc .c:,r! Tx i t ? ,  ~ - o ;  : s 
or' wc: rape (bmr.b).~,ra. 

E - rirry cot for  boili:>g i;oddy 
F - . ' l d f i l o  c lay  n o t  v i t h  ?,c open 

i o t t o l l ~  Pcr the vnpow. to : - - r c  
G - :Jpp?r ~l~m~i.;lun p o t  contci:~ll~g 

-crater for cool ir& t':e 3.rr:,c,oi- 
.,cmi,. , :spoon to ? : ) L A  ,zit :,I; 

-...C: L . J L L . - - I I ~  VP.~C,I~; tir>p:pi-,:; .Trg~a 
:lit. b o t i ~ i n  of ';lie upx.-r p:,t,. 
rrpper tube t o  ztrko ?he 

t s t  i l l s t e  .xi; 
.i - 3ottii- for coliectinq <;!I+ 

d i s t i l  ia t ,e  



a product having desired concentratioizs of congeners 
(Ekmon 1983). In  certain spirit industries in tlne 
West a triple distillation is performed for further 
regulation of quab ty in the distillates. 

The distillation by paLent stills is a continuous 
process where the toddy is fed at the top of a boiling 
column (stripper), which is heated by steal11 (Fig. 8). 
Hxe, the rising vapour comes across the dowizward 
moving toddy and the concentration of the ethyl 
alcohol in the vayour increases as it bubbles through 
the toddy. The ethyl alcohol gets concentrated fur- 
ther in the reactifier columns. The still could be op- 
erated to obtain ethyl alcohol cuncentratisns as high 
as 95 percent by proper adjzstrnents of the temperature 
and the Bow of sap. In contrast to the poi stills, 
the distillate from the continuous stills cannot be 
separated into "foresh:~ts" and "tailings". No control 
could be exercised on the concentrations of congeners. 
The distillate therefore does not contain the required 
levels of flavour components. It is the most efficient 
type sf  still for conce~ltraiing ethyl alcohol. 

A continuous still referred to as the "French 
patent still" is used in the distillation of cuconnt toddy 
;sr the distillery at Seeduwa. The patent still adjusted 
$0 obtain a distillate at this concent~atio~~ csntains 
the optimum bouquet and taste for arrack. 

Erijcimatisa of aIeoho8ic strength 
The need to measure the strength of the spirits 

arose before the days of exctct scientific measurements. 
A scale was therefore establisi~ecl on the basis of the 





ability of the spirit to ignite when mixed with gun 
powder. The spirit that catches fire when ignited this 
way was called "over proof" (OP) and that does not 
catch fire "under proof" (UP). The critical point 
being referred to as "proof". It is now defined as 
" the  which at the temperature 51°F weighs exactly 
121 13 th's of an equal measure of distilled water". As 
the definition implies it is measured in practice in terms 
of specific gravity by means of a hydrometer invented 
by Sikes, a c~stoms officer, (Jeffs 1973). 

Today, this scale is used at a different temper- 
ature. In the United Kingdom it is measured at 6WF 
at which temperature the proof spirit contains 49.3 
percent by weight or 57.1 percent by volume of alcohol. 
The United States of America uses a somewhat diff- 
erent scale. Other scales based on percentages of 
volrame and weight are used in the European countries. 
A comparison of the commonly used scales are given 
in Table VZII. 

1x1 the scale used in the British Isles the colrcen- 
tratiions below 1CK3 proof (Table VIII) are referred 
to as under proof. Thus 90, 80, 70 wotxld read 
respectively as 10, 20 and 30 under proof (UP). The 
values above 300 proof would be read as 10 OVLT proof 
(OP) and so on. Sri Lanka too uses this system. 

The illicit spirit producers in Sri Lanka test the 
alcoholic strength by dipping their fingers in spirit 
and hsldii~g it to the flane. If the spirit catches 
fire it is diluted till it does not catch fire. 



A COivlPARISON O F  ALCOHOLIC STRENGTHS EXPRESSED IN 
DIFFERENT SCALES (JEFFS 1973) 

--- 
1 2 3 4 5 6 

.A-p 

90 U.P. 10 5.6 5.7 1 1  4 4.6 
80 U.P. 20 11.3 11.4 22.8 9.2 
70 U.P. 30 17.1 17.2 34.4 14.0 
60 U.P. 40 22.7 22.9 45.5 18.7 
50 U.P. 50 28.4 28.6 57.3 23.5 
40 U.P. 60 34.2 34.4 68.8 28.4 
30 U.P. 70 39.9 40.1 80.2 33.4 
20 U.P. 80 45.6 45.8 91.4 38.5 
I0 U.P. 90 51.2 51.4 O.P.2.8 43.8 
Procf 100 56.9 57.1 14.2 49.3 
10 O.P. 10 62.7 62.9 25.7 55.0 
20 O.P. 20 68.5 68.6 37.0 60.9 
30 0. P. 30 74.1 74 .?. 48.4 67.0 
40 O.P. 40 79.8 79.9 59.9 73.4 
50 O.P. 50 85.5 85.6 71.3 80.1 
60 O.P. 50 91.2 91.3 82.7 87.2 
70 O.P. 70 97.0 97.2 94.3 95.6 

1 .  Sri Lanka (British Isles) 
2. Silces proof s ~ i r i t  percentage or dagrees at 60'F 

3. Volilme percentag:, aL 59°F or Gay Lu;ja.; (France, Belgium) 
4. Vo1u:lie percentag: at 60'F or Tra~!lc; (Austria, Italy, Russia) 

5. Proof s2irit perccntag: (USA) 
6. Weig:~t percentag: (Germany) 



In spite of many precautions in the distillation 
the fresh spirits are harsh in their baste and disagreeable 
in odo-arr, probably due to the yreysnce of ~znwanted 
congener?. Thc spiaiks are ge~lera1P-y stored in wooden 
casks for years for tlzem to mature and become me!kow. 
The che~vixtry <>_sf maturation is r j l x  2~c7 j~~ lg r  under- 
stood yst. It is k n o ~ v ~ ~  that certain oxidation and ex- 
change reactions occar at the ?vooden. s~lwhee. SOE:. 
constitwznts in the spirits are probably ahsorbed by 
the wood or &re oxidiaed. Certain cermpownds 
such a6 syringaldei~yde~ from eltr wood yasses into 
xhe spirits. Th.= sn~ifrlra;i~)n c ~ f  spirits :Ire ric~l~e gc:?cr- 
ally up to periods of sevm yexrs ar?d occa.\iozaal~y 
up to twelve years. 

In the coconut spirit in~dusiry the  distillates fronl 
the pot and patent stills are matured ir, scaqoned 
'Xalrnilla" ( B e r ~ y n  omn.lonr!!u) a:~d Teak (Terko~l)a: 
,pr~gtzdis) vats of capacity 1000 to 3000 galeons. The){ 
are stored for dbaaatist~s between six months to seven 
' L ~ - r )  -+ U S .  NcrcnaBl-y, the distllla~c.; Cro:;~ diRereaat dis- 
tilleries as we1 as Srsn diflerent stilis art: matured 
separately. I1-t the case vf'"'Old A r r ~ c k "  a blend of 
odteat and pot  tills &re matured for 7, years. 

The c,h.anges observed ira s r ,~ rnc  or the C O ~ ~ - Z T I C T ; Z  

in. coconut sap distiliztcjs f ~ o m  pot nat6:'l.d: si.il3~ 
on maturation in "Wzlmilla" vats up to fivi: yeais Ere 

. a .  presen tea in Fablc %Pi. TI-rc k:i~n:~t;es 
observed here are the irncrease in sntelh~-.,n..r;rl arrd t ; ; ~  
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C "C'  . d~~~~ acid cotltents a d  the reduction in aceialdehyde 
cmtent. Thz  isncrez+.je in methanol contelxt may be 
a coniriI~atio3 f i o ~  ehz wood dua to breakdown 
of the pxtic c~!n;sonznls releasirag methanol. The 
drop in acstaldzfnyde 1nJ.y be due to the oxidation 
or evaporation Th: incrcase in acetic acid perhaps 
indicate a slow oxidation of ethanol. Ttrerz may be 
other changcs occurring in tht: components which are 
En the order of past. p,:r billion. 

It is rep:x-ted (Ekrnon 1'383) that the inaturation 
process could bc erihaniczd by increasing the area 
of contact betxveen the wood and the spirit. This is 
achieved by lowering into the spirit a staiilie5s steel 
basket containing carefully roasted "Halmilla" and 
'Teak wood s:laaiiugs. The spirits in the vats are 
stirred at fortnight intervals for better aeration. 

The maturation treatments ilrcrease the torat 
solid currterit in arrack and makes it nleilow annd 
pleasant. The illicit arracks are not subjected to any 
form of maturation. 

Blending is practised ira most spirit i;adrlstrie+ to 
reduce the cost of the t>roduct by mixing ie)w cosr. 
distillates from 5 e  patei~i stills 16th the i l lore expe~sivc 
distillates Cram the pot stills. It is ~ J _ ~ S O  p~-actiseh! i ~ ,  the 
wliidsey industry where distiliates fri\ra~ 5:trlt.y fcrmen- 
tation? are mixed with disti1:~te~ from nthcr g;";in fe'er. 
ment3tions purely for economic rc2-sons. The blending 



of pot aixd patent distillatzs help in balancing the 
le,veIs of' congeners which are in highcr c~ncenirations 
in the distillates from pot stills and absent or low in 
those holn patent stills. 

In the c~coiiu-t ar*-:tck irrdusuics pot and patent 
distillates as well as distillates of diEercnt ~aaturity are 
blended and marketed under diEerent brand names. 

Syrztketic colonrs are not ilsed in the spirit indus- 
tries. The spirits ar-e either rnarketed as cslotlrless 
liquids in case of Voclha and Gin, or receive their 
colour by the ex-traction of colouring substances 
from the wood during maturation and from the added 
caramel. Caramel is prepared for this purpose by 
heating the crystalline cane sugar and dissolving it 
in ethanol. There is no established standard or 
limitation to the use of colour. Different amounts ~f 
caramel are added in the arrack industry in Sri Lanlta 
to obtain varying shades of brown colours for difl'erent 
brands. However, excess caramel could impart bitter- 
ness to the spirits. 

Clarification 

Sometimes the matured distillates appear hazy 
due to presence of proteinacesus or pectinaceous 
material. The haze is removed by addition of white 



of raw eggs, gelatine or isinglass. The protein- 
aceous or pectinaceous substances are sedimented by 

these additives leaving a clear spirit. 

Processed Arracks 

The processed arracks are blends of coconut 
asrack and neutral spirits which are flavoured by 
adding essences. In the production s f  processed 
arsack the distillates could also be exposed to carbon 
(charcoal) particles for the rcmoval of some of the 
harsh constituents. 

Other aitractiive feat ares 

Manly attractive features such as the use of bottles 
of differcat capacity a11d of fancy shapes together 
with introduc,ion of a whole fruit into the bottle by 
introducing a bud still growing in a branch to a bottle, 
or having a separate bottom compartment to the 
bottle containing juices to be used as shandy are used 
in the spirit iadustries in the world. In Sri Eanka 
a bottle of smaller capacity (185 ml) that ctldd bc 
carried in the pocket was introduced in the arrack 
industry a few years back. Another development 
is the introduction of a bottle of more attractive shape 
in a cardboard cart011 produced for the Tsxternatinnal 
Conference of Pacific and Asiai~. Travel Agents. 



C h a p t e r  V I  

QUALIT% AND STANDARDS 

The quality of alcoholic beverages is attributable 
to the effects produced by a combination of ethanol 
and a large namber of secondary compounds (Table 
11) referred to as congeners or congenerics. They 
are derived from the raw materials. the micro-organisms 
involved in the fermentation and the reactions occur- 
ring during the distillation and the maturation of 
alcoho%ic beverages. Thc presence of these compounds 
in concerntsations above their flavour threshold values 
contribute distixlctly to the flavour and aroma and 
thereby the quality. 

In the spontaneously fermented palm saps 
(toddies) the ~smtribution of congeners by the micro- 
organisms arc innumerable and hens; it is not possible 
to lay down any regular standards for quality. 
Consumers prefer toddy at different levels of fermen- 
tation ranging from sweet. slightly fermented sap 
containing about two percent ethyl alcohol to fully 
fermented acidic sap containing six io seven percent 
etlzanol together with abouk one percent acid, some- 
times with a stroilg sulphurous smell. The only 
eslirnatioas done to check the q~ality are  the ethyl 



alcohol corrtcna; by ei7ul'::ometry (Sarnara-ieewa and 
Tissera 11975) and the total ecidity by titsating with 
standard sod6u111 hydroxide using pherrolphthalein 
as the indicator. 

ln bottled toddy, in spite of the heat treeaLmcnt 
at 90°C for 28 ninutes the biochela~ical reactions, 
contignuc in the bottles resulting in variable qtkaliky. 

Beer 

In thc: beer industries in Sri Lanka the raw material, 
the rnicr.9-organisms and the processing conditions 
are carefully controlled. The ferrnenated brew there- 
fore is of regular quality. In the industry, regular 
testing is done to maintain the quality within the 
limits (Table X) stipulated in the Sri Lankan standards 
for beet (Anonymous 1973). 

REQUIREMENTS I N  THE SRI 1.ANKAP-l STANDARDS FOR BEER 
AND STOUT 

Characteristic 

Ethyl alcohol percentage (v/v) 
pH 
Carbon dioxide in bottled beer. 

minimum percentag: (rniv) 

Arsenic mg L-' (maximum) 

Lead rng L-. ' (maximum) 
Copper mg L-~mzximum)  

Tin mg L-' (maximum) 



Apart from the bottled form the beer is also sold 
as draft beer, o f f  a ctorage vat. The same standards 
as for bottled bzsr apply for the draft bees except 
for the carbon dioxide csnce~ztration. 

Palm. sap distillates 

The quality of palm sap distillates, comlnmciniiy 
referred to as 'arrack' is nmch more regular than the 
fermented sap from which thcy originate, This is 
due to the separation s f  anany ~srnpounds during 
distillakion followed by condcrasation of certain corn- 
pounds volatile 3 t 3 selected tempesatllre range. 

11% the palm sap distilleries iri Sri Laaka the quality 
is checked regularly by- the estinmatior~ of the alcoholic 
strength, thc extract, esters, total acids, fixed acrds, 
volatile acids: f u r  . aldc hydes, higher alccahols, 
copper, iron. lead, tio and also by an assessment ~f 
bouquet. 2nd taste. 

There are no specifications laid by the standard- 
ization authorities for the spirits distilled in Sri Lanka. 
Thc p ~ ~ p o s e d  "rpecification? for the distiliatcs from the 
the sap of t1te ceronu;, palmyrah and the kituli palm 
group the distillates into three categories. The first 
group contains arrack distilled from the palm saps. 
The second group defined as "'blended arracks" are 
mixtures containing at least ten percent of arrack toge- 
ther with potable alcohol from other sources. The 
third group consists of processed arracks, The expected 



limits for the constituerlts in arrack are given in Table 
XI. These limits are made use of in the detection of 
illicit spirits by the public analysts. 

 ABLE XI 

THE CHEMICAL REQUIRElLlENTS IN AKZlACKS 

Ch;rvcrcieristics Requirements. 
(Mn.uinirtm) 
............ -- ..- - ..... ......-... 

... Total solids . . .  ... 10(lOC 
Total acids as acetic acid . . .  ... ... 100' 
Fixed acids as acetic acid ... ... ... 5' 

... ... Esters as ethyl acetate . . ~ 300* 
... Higher alcohols as amyl alcohd .., 300* 

Aldchyde~ as acetaldehyde ... ... ... 15* 
... Furfurel ... . . ~  1 * 

Methyl alcohol ... .." ... not detectable 
Cozoer ... ... ..* 3** 
Lead ... ... ... 1 ** 
Tin ... ... . , . 1 ** 
Iron ... ... ... 1 ** 

*parts per 100 L of ahsolute alcohol 

**mg kg-' 

Congeners 

The tests adopted in the industries only provide 
an indication as to whether the products confirm to 
the acceptable limits. Detailed studies on quality 
would include the estimation of trace amounts of con- 
geners. Of the several hundreds of congeners present 
in distilled beverages two groups of compounds the 



higher alcohols, and the esters of several CC,, - C,, fatty 
acids are important. They are responsible to a greater 
extent for quality characteristics (Suornalainen and 
Lchtonen 1979) in the spirits. 

The comeealtrations ~f the higher alcohols and 
several other congeizers observed in a few brands of 
arrack in Sri Lanka are presei~ted in Table XI1 (Samara- 
jeewa er al. 1982). 

CONGENERS IN SRI TANMAN ARRACKS 
(rng L-1Absoluto Alcohol) 

~ - - - - - - - - . 

cor~gcnem/bratrd cocortut dori hle old specra f Jafnn: j//icjt 
rlisf illcti seedrt,va 

- --- ---- 
40 

- - ___-_I 
&ficnnl 0/, 3: 32 29 35 18 
Metllanol 9 16 14 26 22 8 
Propano1 90 120 105 2 623 43 
2-methyl pruparrol 260 397 336 20 3.11 282 
Amy1 alcohol 1080 1472 1351 60 1314 1350 
Acetaldehyde 28 10 79 38 95 194 
Ethyl acetatz 208 70 570 805 1482 568 
Ethyl lactate 706 49 108 43 320 1066 
I---batan01 t r<30  t rq30 t r < 3 0  t r<30  t r i 3 0  tr < 3 0  
2-butanol N D < 5  N D 4 5  h7)<5  N D I S  500 ND<5 
3-ethoxy prapanoi < -5 XD < 5 tr < 10 ND < 5 ND < 5 < 5 
3xthux:r pr'opanol N D e 5  m<5 NT)<5  t r < l 0  700 t r < l ~  
Ethyl forraate t r < 2 5  trx25 Er<25  t r < 2 5  t r c 2 5  l r < 2 5  
Wsnbutyl acetate N D s 4  & D < 4  t r < l O  N D < 4  ND44 NQ41 
lsoamyl acelala N D < 4  N13<4 N D < 4  N D e 4  40 N D < 4  
Acetic a,cid ? i D < 1 2 N D < i 2  t r < l 5  ND<12 t r < I 5  ND<12 
I .1 dicfhortyvrovane ND 4 2  ND ,2 ND < 2 ND < 2 30 t r <  5 

-- -- -- - - .. - -- - 
tr - traces 
ND -- not detected 

The arracks "Coconut arrack", ""Double distilled 
arrack" and "Old Seeduwa" are similar in the congener 
concentrations estimated. The "'Jafia arrack" which 



is a mixture of distillates from coconut and pairnyl-ah 
showed a higher propanol conteilt. One of tlie striking 
fcatures is the low conger,er cor~tent observed in 
"Sppecia,l arrack" wllich is a blend containing very 
low pcrcentagz of the distillates from coconuts. This 
probably explains the poor quality associated with the 
"Spzcial arrack". In this respcct, the illicit arrack? 
distilled from pure coconlii toddy in a n  acceptable 
horn:: sc~l i :  distilliag unit (Fig. 7), is as good as the more 
reputed braads prepared in the large distilleries. 

Another striking feature in. the Sri Lankan arracks 
is the high ethyl lactate content, which is generally not 
observed in spirits such as whiskey and brandy, fer- 
mented under corntroIled conditions, but in naturally 
fermented products such as Wubian gin (Nout 1979). 
The high ethyl lactate colatents in palm sap beverages 
are produced from the lactic acid observed at the lactic 
fermentation phase in the palm saps. The possibility 
s f  formation of esters of different organic acids due to 
competitive esterification by coenzyme A fssm brewers' 
yeasts is an already observed phenomenon (Nordstram 
1,962). The same process may be occurring in the fer- 
mentation of palm. saps where lactic acid concentratia~zs 
are high. 

In the industry, the total ester content is estimated 
chemically as a quali ty y araxneier. This esximatiorr 
probably reflects both the ethyl acetate and ethyl Iactai:: 
concentrdtions together. The ethyl lactate could be 
prescilt in even higher concentrations than ethyl acctate. 
Thus a cornparisoil of total ester values from coconut 
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Origin of the cangeneas 

Yeasts play an important role in the production 
of the congeners found in alcoholic beverages (%uoma- 
kilnen and Nykanen 1966). The total conceratration 
of congeners produced vary widely depending on the 
species of yeasts (Table XITI) and is not related to the 
amount of ethyl alcohol produced by them. The 
ratio of the congeners produced too vary from species 
to species (Fig. 10). This feature could be made use 
of in the selection of the micro-organisms to improve 
the quality of a beverage. For instance the ratio 
of isoarnyl alcohol to isobutyl alcohol production by 
three species of coconut sap yeasts are as follows. 

Saccharomyce,~ cerevisiae 5 : /  
Saccharomyces exiguus 1 : I  
Candida sake 3 : 1  
Mixed yeasts 4 : 1  

TOTAL CONGENER PROUUCTPCN By THE COCONUT PALM SAP YEAITS 
WHEN INCUBATED IN A TEN PERCENT SUCROSE SOLUTION CONTAINING 
OTHER NUTRIENTS AND A DISTILLATE OF 114 ORIGINAL VOLUME COLLECTED. 

-- - 

Species Ethyl alcoitol Congeners mg~-'  

--- percentage - distillate 
Candida sake ... ... ... 8 870 
S~ccharomvces cerevisiaz 
Saccharomyces eriglrus.. . 
Pichia farinosa ... 
Candido gailliermondii ... 
Schizosaccharomyces pombe 
Candida valida ... 
Pichia etchelsii ... 
Pichia memhranaefaciens 
Rhodosporidium plutinis 
Pichia kumbolcdtii ... 
Mixed culture of abwe 



Ethyl l a c t a t e  

l .i 

Acctalclehyde 

?ropy1 a l coho l  

But).].  alcohol^ 

. h y l  ;:arii?ii?a g u i l l i e r m o n d i i  

\ --.-.--/-,.- 

F I  opy i  a1 cokcl 

F'ig. i?. 3 i s t r i b . l $ io3  0.: cong?.zers i q  z sy i l t he t i c  pEln 
s s p  dLs t :  !larte Pe-m~nte f i  uni:l& 71-asts ic:late< 
fram t'.5 cocsnut cir?. fit-ra of tile c l r c l e a  r e p r e s e n t  
t h e  t c t e l  drr,oec-i r.t .:cngen?r? ;>vasen-,. 



In arrack the observed ratio is 4:1 as would be 
expected from a mixed culture. If pure yeast cullture 
of Snccharomyces ccrcvisiue is used the ratio would 
increme to 5:3 and the curve for coconut arrack (Fig. 
9) wou161 hc closer to that of Bourbon. The possi- 
bility of manipulating the congeners through the selec- 
tion of fermenting mi@]-o-organisms provides the 
mechanism to change the quality of arrack. 

Nomenclature 

Although 310 rules are established governing the 
naming of the alcoholic beverages as~ywhere in the 
world, there are certain accepted priaiciples practised 
in the iradamstry. The beverages are usually named 
based on the raw material (Table XTV). At times 
prominence is given to the location of the production 
sf the raw materials c9r the beverage. 

2D'lMOP1 ALCOBOLIL BEVERAGES AND TKF RAW MATERIAJ>-i USFU Fop, 

TI-XI  1 ~ .  PAO~UCTIOV 

- .- _^ 

i?uw nzatcrid Fermented prorf~ict Spirit 
-- - -- .- - -- -- - -. - 
Barley bzer uhiskey 
Grapes wine brandy 
Apple cider - 
Molassei; -- run 
Grain/Potatoer .- vodka 
Cashew feni .- 
Pa:m saps toddy arrack 

--_l-__s__ll_--- _ 



For instance there are many grape wines nsbaned 
by the locality in which grapes are produced. The 
names are used as indicators sf flavour characteristics 
imparted by the soil conditions, yet they all fall within 
the broad category wines. Similarly Scotch whiskey 
could be produced only in Scotland where the peaty 
soils and quality of water imparts certain character to 
the beverages. 

On account of the popula~ity of whiskey anywhcrc 
in the world today, grains other than barley are used 
in the production of whiskeys. The An~erican whiskey 
known as Bourbon (named from the Bourbon county 
in Kentucky) is prod~nced from maize. There is a 
legal seq uiremen t that Bo-~nrborr sho~dd contain at lease 
51 percent spirit froin maize. Similarly Rye whiskey 
should come from a nnash containing a1 least 5 2 pescen t 
rye. The Carladiail whiskey is produced from a mixture 
of rnaize, rye and ha~ley. 

Although the word arrack is defined in Sri Laalka 
today as the spirits prepared from sap of coconut, 
palmyrah or toddy palnr it has gained a differealt 
meaning in the Western countries. In the West, the 
word A R(R)ACM is used tc, indicate 1-1 spirit  original!^ 
distilled from rice in the Dutch lndies and India or 
any sort of fiery native spirit. The spirits of various 
less popular origins are therefore referred to as arracks. 
Establishing the word arrack in the liquor terminology 
i l l  tlre world as a product origit~ating from palm saps 
would itself be a coilsiderable problem as the term is 
alre~~rly used to indicate the spirits of suspicious origin. 



Fn Sri Eanka, wilhin the alcohoiic bc.iw-agc industry 
itself tb? wwrtrd arrack h3d gai ~ z d  differeiatl m m i i  rigs. 
p7r . fie h i g h  pop~larity af th, distilled beverages produced 

fiam palm sap 313s resulted in the use of the name 
arrack to indicate spirits produc~d frcw sources other 
than palln saps. Ss;heetimes cucli spirits are given 
brand names similar tg arracic with minor changes in 
%he way thcy as2 xp~li. \:-9arl from khis the spirits 
containing pal:n sag distillates, in concentrations as 
low as two to threz pzrcent, are referred to as arracks 
I L i i d  Th:sc pi-dc~ic~s leave a gap bctwxrt 
the ah;c~ptab!e Jefiili i ions a*rd the prackiccs in the in- 
d ~ s t r y  which co~lld bz narrowed down only with pro- 
per Blegisl atio n 

Hygienic gaactis:es 

These arc ;to strict regulations or a code of g ~ o d  
practices to m~inlain hygienic co:~ditikms in the fermen- 
tation of palm saps in Sri Lanka. An inoh;uIu~i~ of 
organisms, in ferlnznting sap, is allowed to remain ln 
the sap cua'lecting pcts throraghout the year. M a r y  
irxsects fall iilxtfi these pots ntld pots are also visited by 
"?irds and ~ c ~ i l e l ~ t s .  Tn tit? bootlls wl~ere the di-esh toddy 
is fold ihc q';o-+lgi., barrel? corltain divcrac microflora. 
Dkeases iiklz ;k7a ;ebiasis is not ulacc~snmoxl among the 
reguias cisrisu wr:c~-3 of fresh toeid y. 

The conditions are not so bad in the distillation 
industrjcs as regular cleaning IS praciised and the dis- 
hilled spirits do not permit the growth of any organ- 
isms in ~ l~e rn .  



Excise segula ti oas 

-rhe producfion of alcoholic beverages is a highly 
profitable ventun..; anywhere in the ~)orkd and is con- 
trolled by the excise regulations f ~ r  tlae purpose of 
taxation, p-i-ev.2.a i ~ n  of adid eratioil and mainteraailce 
of regrllar quality. 

Ths Excise Ordinance of Sri Lanka zo-nt~ols the 
tapping of coconut trees for the sap tc. be ferrnea~ted, 
the distillation s f  alcoholic beverages and the sales at 
taverns, hotels and other outlets. The revenue for the 
state is collected through licensing systems for the 
tapping of coco:-izt Lrees and szles outlets. This revenue 
is collected by the Government Agents sf the district 
and excise officers arc appointed rrnder section 7 of t h ~  
Urdin2nce to enforce laws. 

Thc Blcer~sing systems for taping vary depending 
on the scale and purpose of tapping. Tapping sf 
?aims for the distillation of' arrack is restricted to the 
Western coast belt of Sri Lanka lap to 75 krn North 
and 50 km South of Colombo. Here the tax is collected 
for zach trec tapped and the trecs permitted to be 
t ay ; .d  are marked by the excise ofliceis. 

The liccnces are a:so i5sued 5y "Grama Scvakas" 
for tapping rrp to 10 palms witF.out a tax to draw unfer- 
menled sap exclusively for the preparation af treacle 
and jag-gery. These licences arc refererred to as cottage 
licenczs and any householder is issued only one such_ 



!it::-nce (Rumsinghe % 983 ). The ctinditions of the 
Sicea~ce krces the use of slaiied lime in the pots for the 
c~l;ectiurr of sap so that the sap does not get fermented. 

k r ~  Saff~.~a the tapping of toddy operate under a 
cc!-operative systen where supel-visicr. is mainly by the 
co-operative officers and occasio~zall y by excise c~fficers. 
The taxatioz: is by the Inland Rcarenue Department. 

The rnzjar contribartisn to the excise income on 
;Z%COIIPS;IC bevei'ages arises from :he duty for the 
distill~etion of beverages. This comprises of 97 percent 
of the total income (Table XV). lm Sri Lanka the 
palm sap dis-til\a,iion industry is controlled totally by 
the S talc DisiilZeries Corporation. They supervise the 
production, purchase and sale of spirits even in the 
private distilleries. 

UVEPIKJE TO THE S r h I E  FROM THE ALCOU(?ilC HEVSWAGE INDUSTRIEs IN 
SRI L4NKA 1982 

I~IcD~'*I? 9,: , . l'istrib~rtion 
Rs.  

Dury on local!y disrilled (foreign type) 
uqunr 

T311t.y !.>I? other locally distilled liqunt. 
Arrxk Tavern rents 
Toddy Tavern milts 
Todd:, 'rapping licerice fees 
Ixcal liquor licewe fees 
Foreign liqiscsr tavern rciitt; 
Foreigt: Kiq~airr licence $ 3 ~ . 3  

Conrpo~ition fees 8 late fee?. 



Bth~r  mino? sources cf income inciude tbc fi .leh 
imposed ox; those invc.3l~e~S En i!lig;it p.oductic_ir~, rraals- 
-ysort and sale of a%caholic beverages. 

Urcrder the excise regut~lisns no persol1 is expcctee 
f a  keep in hk possessio~~   no re than 1500 1111 of ~ E C C I -  
bolic bsvemgcs. The sale of a3coholic beverages rr? 
women and these below 21 years ic oot per-mitted. The 
Excise Manual of Sri Lal~ka (Part I) describez 211 rhc 
kgaB as;Jec%s sand the fi?nctionirzg of officea-~ undcr 
Excise Ordinance. 

Another irnportantaaspsct handlcd under the Excise 
Ordinance is the technology of producfion of toddy 
and arrack. The Excise Manual of Sri Larnka (Part XI) 
developed following the h'ndia:~ Excise Manual describes 
in detail the tecBanologicaT steps ir~volved in the collec- 
tion of sap, storage, transport, distiilatisn, maturation, 
blending, chccking the quality, bottling and labelli~ng. 
Hr; provides ~ b z  necessary guidelines for the yrod~acers 
aqd also3 detailed information on the furactioning of the 
warehonses, distilleries and the rncasurements involved 
in the industry (Anonymous 4954). The prclcticeb 
described in it help in the rnaintenarace of hygienic 
conditions and the quality of the produce. The enfor- 
cement of regulations to maintain the quality are looked 
after by the Excise Department by implementing ihe 
Excise Ordinance of Sri Eanka. 



C h a p t e r  V%J 

Alcoholic ?e'er,n~l;~ta:io:t represents a sirlglc step 
in a szquewe of reactions occurring spontaneously. 
The other biocha:lralca! cu nversians in this sequer-rce are 
also made use of in x!ne production of foods. These 
b o d  indrrstric; arc liaked t ~ t  each other and sometimes 
operate side by side ivithin the same prenaises manu- 
Fdctcarbf~g ;sn array of f m d  items. 

Apart from the conversi~n sf the sugary juices 
obtained from plants to ethyl alc0110I the juice is cor- 
centrated to obtain. the s y r u p  and the crystalline sugars 
which sometimes is the morc importast i~ldustry comn- 
pared to the production of alcoholic beverages. The 
crystallizi~zg out of solid sugar from these juices con- 
taining sucrc~se need cer~ain pre-conditions for the 
crystallizatilon to be a success. For the preparation 
of jaggery thc sugars inm the sap should bc almost totally 
in thb: form of sucrose and the sap should not corntain 
more than eight percent of inverted sugars (Sarnara- 
jeewa and Wijeratnae, 2979). 1 s  crystalEizing out sugar 
the yields drop with the increased percentage of inverted 



sugars in thc juicc. The si~gal-y jarices where the inker- 
siorz has occurred could be concentrated to treacle, or 
further inverted to conccatrate it to golden syrup ox 
ct2uld be fermented for ethyl 2IcolroH. 

After cry~taT3izing out sugar from the juices of 
sap,, l l ~ e  liquid fszction contains sr~ficieni sugaPs 
to be fermented. They could be used as the raw 
rrnateria.1 for aicsholic fermeratatisaj. An alcoholic 
6z:ssmentatisn industry, therefore, develops side b g r  side 

-4 wiih a sugar industry. lnis liiatksge could be seen 
at thc sugar factories at Ringuraina and Rantalai 
in Ssi Lanka. 

Vinegar 

The vinegar is produced by the acetic fcrmentatior~ 
of the ethyl alcohol. The conversion is brought about 
by a group of bacteria collectively referred to as acetic 
acid ibactericz. In the alcoholic fermentation indus- 
tries, the precautionary measures adapted to prevent 
the microbial contamination hils at times and the 
ethyl alcsholl get oxidized further to acetic acid. When 
this happens, the next best solution is to allow acetic 
fzrmetation to continue and enhance it by aeraticprn. 
Ire some of the wine and bser industries vinegas gener- 
ators are installed to make use of ally spoiled ethyl 
a l s~ho l  from the aIcoholic fermentation industry. 
Ira Sri Eanka, the vinegar industry functions separately 
and is not catered directly by the alcoholic fermentation 
industry (Nathanael 1958). This is perl~aps because 
the quality regulations or, the total acidity of fermented 



alcoholic beverages are not implemented strictly and 
the beverages of low quality due to high acidity cculd 
still be sold for consumption. 

Animal feeds 
1x1 the alcoholic Fernaentatia~ rr industries the main 

concern is on the carbohydrates of the raw material 
for the fermentation. The nitrogen compounds are 
required only in minor quantities. The sediments 
after the extraction of the carbohydrates from the raw 
materials or after ferrnc-~~tation are rich sources of 
nitrogen that could be utilized as animal feed. In 
the beer industslzs thz spent fiash, after extracting 
the sugar is divzrted as a czttde feed. In the palm sap 
industries a sediment is left when the fermented sap is 
filtered prior to distillation. This sediment is a rich 
source of nitrogen dare is the high concentration o f  
the yeasts? and .uvou'rd be usziirl as a e  arrinlaf feed. 

Under certain environmental conditions the micro- 
organisnas in fermenting saps could convert the suGrose 
into ?olysaccka~ides such as derrtrstas. 1i-r the palm 
sap industry these &re produced seasonally (Samara- 
jeewa et al, 1977). Xn thc pasf dextrans have been 
used as a f i i ier In blood, Bring a polysaccha~ide similar 
to cellulose ~ h c y  may be of use in the food industries 
provided they could be obtainled in the pure form, 

Production of yeasts 

The production of single cell proteins is the quick- 
est method of producing protpvin today. In. alcoholic 



lcrmentc~ti~n the micro-or ganisms shift to fermzntai-ivc 
sni=clianis;n of miliekabolism to owzrcomr ths deficiency 
of oxyger:. If aeratio:: is done :heir riictabcl3ic pathway 
could b~ shifted to respiration. T'STllij woiald result 
in production of biomass which c:,uld be used :rs a 
source of protein a i ~ d  a source of bakers yeast. Pro- 
duction of yeasts zsrrld form a part of an allcohelic 
fermefiratirsn indtlstry ixrhe9-e raw maleriaIs colataining 
ioui 5i1g3r conte1~7, insufficieilt for c2lct~hi"lic ferrnentz- 
;ion, could be utilized. Cocon~?; wiater had been shown 
to possess this potential (Smith and Bull 1976 a: 6). 
The requirem6:nts of the bakers ysast in Sri L,~nkXra 
today is tlle r e g i o ~ ~  of rhousand metric tomes p a  
year. Thz molasses coataiiii.~g low sugar collcei7:sa- 
tions could also form the raw material for Ihe pro- 
duction of yeasts. 

Bottled sweet sap 

The en~arern~eri~cd palm snps are uahed for their. 
high viiamin C content arid the refreshing effect as a 
beverage. 1;1 India it is 5~'ttied and sold. TIac 
flavour characteristics of the swcet saps could be ftir.~lier 
enhanaced by the addition of sssl:n~:es, natural fruit 
juices or by allswi:~g it tu ferment shig31tPy so that about 
0.5 percent of ethyl alcohol is pr.t.;duced. The inver- 
710n of sucrose in the saps to glrscosc and fructose 
iyol~ld yield a juice of highzr swcetlaess. :4 on-alcuholi~ 
beverage industry based en palm saps w o ~ ~ l d  bz a 
profitable ven hire linked ni ;rh the alcoht>lic beverage 
industry. 
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