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Abstract:  The palmyrah palm wine, a traditional mild alcoholic beverage of

Northern Sri Lanka, is the spontancously fermented sap of the young and mature

inflorescences of both male and female palmyrah (Borassus flabellifer) palms. The

palmyrah toddy samples had 2 mean alcohol content of S.8%[v/v]and the efficiency"
of natural fermentation process was found to be 56%. In the present study, it was
found that this cfficicncy of alcohol production can be increased by (i) the addition

of inorganic salts such as NH4Cl, MgSO4 and KHoPOy, (ii) heat sterilization of

decalcified palmyrah sweet toddy prior to fermentation by a preselected yeast

strain and (iii) the introduction of pure yeast inoculum into collection pots. The

percentage increase in alcohol production over the control in each case was found

to be 12%, 44% and 25 — 30% respectively.

. Previously isolated Saccharomyces cerevisiae PY. 1 was found to be capable
of producing the maximum alcohol within 48 hours of fermentation using a starter
inoculum potential of 107 cells/ml, thus suggesting that the rate of fermentation
can be significantly increased by increasing the inoculum potential.

1. Introduction

Palmyrah palm Borassus flabellifer grows naturally in the drier regions of
Sri Lanka. A mild alcoholic beverage, popularly known as ‘palmyrah toddy’
or ‘palmyrah wine’ is obtained from this palm by ‘tapping’ the inflorescen-:
ces. This palmyrah wine is the spontaneously fermented sap of the young
and mature inflorescences of both male and female palms. '

The unfermented sap, commonly referred to as ‘sweet toddy’ or
“‘neera’, contains 10 — 16.5 % w/v sugar, mainly in the form of sucrose. This
sugar is converted into ethyl alcohol during fermentation by wild yeasts
and bacteria usually found in ‘toddy’ collecting po,ts'.w From preliminary
‘studies it was found that the observed levels of alcohol in palmyrah ‘toddy’
was in the range of 5 — 6. % v/v whereas the theoretical yield lies in the
range of 9 — 10 % v/v'! ‘ '



148 R. Kumuthini Chrystopher and K. Thewcendirarajah

- It appears that a considerable part of sugars in the sap is utilized by

microorganisms resulting iri products other than alcohol during the early

stages of natural fermentation ® The usual methods of tapping and collect-

- ing fermented coconut. toddy account for a loss of about 1 — 1.5 % alcohol
by injudicious -handling;fg' about the same percentage of alcohol can be lost
from palmyrah toddy for similar reasons. '

There will be a greater demand for ethanol in the near future to meet
the energy. crisis. Also, improvements in. the efficiency of alcohol produc-

tion will lead to increased production of palmyrah arrack — a product

obtained by distilling palmyrah toddy. It is therefore important to formu-
late methods of controlled fermentation to obtain the maximum yield of
alcohol. As reported earlier, the yeasts belonging to the genus Saccharomy-
ces are the best fermentors isolated from naturally fermented palmyrah
toddy® Therefore Saccharomyces yeasts were used in these studies to
improve alcohol production.

2. Mgtcrials and Methods.
2.1 Collection of Materials and preparation of Experimental Media
a). Fresh unfermented sap:
This wasi collected in sterile MacCartney bottles by holding the bottle
at the tip of the inflorescence for about 3 minutes. The sample was imme-

diately stored at 50C or was heated in.a boiling water bath for 15 minutes
to inactivate the microorganisms which may have contaminated the sap.

This sample was mainly used to determine the sugar content of unfermen-

ted sap.

b) Sweet toddy:

Palmyrah sweet toddy was collected for 14 hours in earthénware pots;

the inner surface of these pots were coated with slaked lime.

The lime used in the collection of sweet toddy was removed initially
by sedimentation and later by precipitation as calcium phosphate by adding
superphosphate. Precipitation was enhanced by heating to about 40 —
50°C and by centrifugation. This centrifuged, decalcified sweet toddy was

a clear, colourless liquid with a pH around 6.5 — 7. For experiments where -

sterile sap medium was required, this decalcified sweet toddy was sterilized
by autoclaving at 15 Ib/in2 pressure (1219C) for 15 minutes: '

Ty
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c) Pa.rtly fermented toddy

Th1s was obta.med by collectmg the pa]myrah sap-in earthenwaxe pots
by adopting the trad1t1onal process of. toddy collection. Usually the samples :
were: obtamed in mormngs after a collectlon penod of about 14 hours. -

2.2 Methods :
‘A Routine'analytical methods:-

Amount of sugar in a sample was estnnated accordmg to the
'Somogyi’s semimicro method 2 Alcohol content was determmed using’an
ebulllomcter 5 ' ) o

B) Experimental procedures: »
2.2.1 Heat sterilizatz'on of palmyrah sweet.ioddy.dnd-alc‘o'hol productf'on'

Decalcxficd palmyrah sweet toddy medmm was prepared as describ-

ed in 2.1. (b); 500 ml aliquots of this medium was fermented under both

_sterile and non—sterile conditions using an. overmght culture of Saccharo-.
‘myces cerevisiae PY 1. The inoculum potential was 105 cells/ml; the alcohol o
] content of the expenmental medJa was measured after 48 hours. B

2.2.2 Effect of i morgamc salts on alcahol productzon

Partly fermented palmyrah toddy samples were. supplemented with
' ( ) NH4Cl — 0.8 g/l; (ii) MgSO, — 0.2 g/l,NH,,Cl —1.0 gfl and KH2P04 :
. — 1.0 g/L. The alcohol contents of these med1a were. determmed after 48_
' hours of total fermentatlon - : :

. Stenle, decalcxfied palm}'rah sweet toddy was supplemented w1th :
(i) MgSO,4 —0.2 g/l; NH4Cl - — 1.0 gfl and KH,PO, — 1.0 g/l (i) KNOj
= 0.5 g/l and' NH4N03 ‘— 0.5 gfl. These media, supplemented with salts,
were fermented using the yeast S.° “cerevisiae PY -1 for 48 hours and thell
alcohol content determmed R : . S

2. 2 3 E ffect of inoculum potentzal on fermentatzon

500 ml portions of the stenle, deca1c1ficd palmyrah sweet toddy,' '

~ were. moculated with different inoculum potentlals of an overnight culture

of S. cerevisiae PY 1. The initial cell density ranged from 104 to 108 cell/ -

ml. The sugar and alcohol contents of these: expenmental medJa were -
'measured penodlcally by the routine methods '
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2.2.4 Improvements in alcohol ‘production by mtroducmg pure yeast
moculum into the collection pots ' :

- In th1s cxpenment pure culturcs of S cerevisiae PY 1 and Saccharo-
myces chevalieri PY 10 were introduced separately into clean collection
- pots and their yleld of alcohol was compared with that obtained by the
usual practxce

Inoculum for each collection pot was prepared by growing the
particular yeast strain- for 24 hours in 500'ml of yeast extract peptone—
glucose (2%) broth to obtain a fmal cell density of the order 108 cells/ml. :
The yeast cells were separated by centrifugation and. washed well with

_sterile water. ‘This yeast residue was then transferred to clean ea.rthenware
; pots normaly used for the colIection of: toddy '

~ The toddy sa.mples ‘were co]lected from ‘these’ pots after about 15
" hoursand allowed to.ferment for a-further period of 25 hours, after which
their alcohol content was. determmed Control samples were obtained by
. collectmg the toddy from the usual pots havmg a sediment of wild yeasts
and bactcna, including.the test strains S. cerevzszae PY 1 and S. chevalieri
PY 10 : :

_ Toddy samples were collected from the same pots and analysed
again on the 7th and 15th day after the introduction of pure yeast inocula.
This experiment was carried out from -March - 1983 to June 1983 with

“samples of toddy from two male palmyrah palms, and the procedure was
’.'repeated 5 times..

3 Results And stcussmn _ _
-73 1 Heat Sterhzatxon of Palmyrah Sweet Toddy. and Alcohol Productlon

T The results of expenment 2.1 were statlstlcally analysed accordmg to '
_Ba.lley3 and are presented in Table 1.
o The ' results show that the ‘alcohol . produced from heat—sterilized .
" sweet toddy is greater .than that from non-sterilized sweet toddy.
Although fermentation of sweet toddy is arrested during collection by the
-addition of calcium, there is still a large number of bacterial and yeast cells,
These grow when the pH of the decalcified sweet toddy is adjusted to 6.5—
7.0 due to decalcification and compete with the moculated yeast strains,
' reducmg the level of alcohol productlon For maximum alcohol produc- -
_tion, palmyrah sweet toddy, therefore should be sterilized pnor to inocula- -
tion with the desired yeast strains. The only disadvantage in heat steriliza- -
_tion is that the toddy may have a shghtly altered, bitter flavour. This may
'be due to caramelisation of sugars in sweet toddy during heat sterilization.
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Table. 1 Effect of heat stenhzatlon of palmyrah sweet toddy on alcohol
productlon '

Condition of fermentation . w/v % mean sugar 'v/v % mean

‘.content . - ’ alcohol content
Control (unstenhzed) o ' 15 T a7 a
Heat sterilized palmyrah ’ o : U .
“sweet toddy medium j 15 - .. 679 b

The values denoted by the dnfferent letters a and b are statxsucally dlfferent at 5 %. level
(p—0 05) :

Number of Expenments 10
3. 2 Effect of Inorganic Salts on Alcohol Productxon

Results of the Expenment 2 2 were statxstlcally analysed aceordmg
to Bailey3 and are presented in Table 2.

Table 2 Effect of inorganic sa’its‘ on alcohol produ’ct'ion. |

‘Experimental:
mean alcohol.

Sample B o Cen'ditior_n of " Control
.fei’mentatlon meanalcohol -

Partly fermented

toddy +PY1 -

Addition of

natural toddy. . NH4Cl 4.874 2 5452 b
Partly fermented Addition of o N
natural toddy ‘Mg*t, NH4* 4.406 c 4771 4

and POy~ " ' '

" Autoclaved. Addiﬁbn :of- _ R
palmyrah sweet . Mg*+, NHg* 4.824 ¢ 5.388
toddy + PY.1 and PO ™~ T
Autdclaved- * Addition of _
palmyrah sweet nitrates 4.888 g 4,100 -h

The values denoted by the dlfferent lettets a &b, c &d, e & f and g & h are statisti-
cally different at s % level (p~0 05)

L

" Number of experiments : 7

“The mean_alcohol contents are expre#sed-in viv% .



‘152 o . R.'Kz'imuthz'ni Chrystopher and K. Theivendirarajah

~ These studles reveal that the addition of NH4 Cl into partly fermen-
ted pa.lmyrah toddy significantly increased alcohol productlon in toddy.
However, the % increase over the control in this case is approximately 12,
which is much lower than that obtained for heat sterilized sweet toddy
fermented with the yeast S. cerevisiae PY 1 (44 %), ‘without the addition of
NH4*, This may by due to the mixed microflora present in the partially
fermented toddy. Also, as reported by Nathanael®, 1 — 1.5 % of the
alcohol would have been lost during the collection of the partially fermen-
ted toddy.

: The add1t10n .of NH4 _and po - increases the yield of
alcohol significantly ‘over ﬁxe control.. In the case of natural toddy, addi-

tion of these salts has led to an 8.26 % increase in alcohol productlon over
the control whereas in the case of sweet toddy fermentation, this increase
was approximately 12 %. However, this 12 % increase over the control can

be achleved by the addltlo,n of NH4CI alone into the fermentmg medium.

Jan826 reports that the addltlon of NH,CI at a prefermentation
stage improves the flavour of toddy, but it does not affect significantly the
yield of alcohol. Kalyananda? states that the effect of NH,Cl on fermen-
tion depends on when it is added. It has been reported that the NH,Cl
supplies the yeasts with' an easily digestible source of mtrogen, resultmg in
increased sugar ut111zat10n and higher yields of alcohol.”

From the results presented in Table 2, it is obvious that the addltlon
of nitrates suppresses the production of alcohol. It may be that palmyrah -
sap has sufficient levels of nitrates and any addition would lead to inhibi-
tory levels of nitrate, It may be also due to the fact the S. cerevisiae strams,
cannot utilize nitrate smce they lack the ability to reduce it to NH4* ions #

3.3 Efféct of Inbeulum Potential on F e'rm_ent_at-ion‘:

- The 'res_alts of the Experiment 2.3 are presented in Figures 1 and_2.
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These studies reveal that the rate of fermentation can be significantly
increased by increasing the inoculum potential. It was found that an
inoculum potential of 107 cells/ml used up all the sugar within 48 hours of
fermentation thus suggesting that the maximum alcohol can be obtained
within 48 hours with a 107 cells/ml inoculum potential.

An initial cell density of 107 cells/ml is easier to handle than 108
cells/ml, whereas better results can be obtained quicker by using an
~ inoculum potential of 108 cells/ml. )

The present studies also suggest that fermentation proceeds rapidly
when the same quality of medium ‘is used for both the preparation of the
starter culture of yeast and for the subsequent fermentation. This may be
explained by the shorter ldg period.

When a lesser number of cells are inoculated into the fermenting
medium, they will utilize 1 — 2 % of the sugar for their biomass production
and increase in number, after which alcohol production starts. This will
reduce the efficiency of fermentation. But when a higher density of yeast
is inoculated not much sugar is needed for the growth of yeasts and there-
fore the percentage conversion of sugar to alcohol will be more, thus result-
ing in higher yields of alcohol. '

3.4 Improvements in Alcohol Production by Introducing Pure Yeast
Inoculum into the collection Pots:

Statistically analysed results of the investigation described in 2.4 are
presented in Table 3.
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Table 3 - Effect of introducing a pure yeast. inoculum into the collection
.+ pots . .

" Palm Day T rcat‘tnent . oo : Averagc_ alcohol "% increase over
' ' content v/v% . . . the control
1~ 1 Control ' . 4278 4 -
o Saccharomyces cerevisiae 5.558' b L2992
‘_Saccbaromyces:cbevalieﬁ~ 5345 b 24.94
7 Control . ©3.800 2 ' .
g S. cerevisiae o 4.868 b - 2811
S. chevalieri 4,600 b 21.05
15 Control ‘ 5.200 2 _
S.cerevisiae: o 5.930 b 14.04
S. chevaliens ) 5.770 b 10,96 -
2 1 Control v . 4,900 a :  —
-S. cerevisiae 5.810 b - 18.57
S: chevalieri .- 5.490. b 12.04
7 Control . 4990 2 -
S. cerevisiae . 5770 b - - 15.63 .
'S\ chevalieri ' .5.620 b- 12,62
15  Control _ "5.507 a ‘ -
: " S, cerevisiae ) 6.212 b, - . 12.80

S. chevalieri » _ . 6.108 b » 10.91 -

The values denoted by the different lette;s a a.’nd_b are statistically different at 5% level |

(p=0.05)"
- The whole cxpériinént Wa‘s repeated 5 times. <

The results clearly indicate that a significant increase in: alcohol
production can be ‘achieved by introducing pure yeast inoculum into the
collection pots. It was also noted that, with time, there was a drop in the
quantity of alcohol produced. However, once inoculated, the pots could be
used for two weeks with an appreciable increase in the yield of alcohol over
the control. Kalyananda” - suggests that instead of mtroducmg yeast
moculum into collection pots, the addition of NH,* into the collection
pots would significantly increase the alcohol content of coconut toddy

Th‘ough these _cxpenments indicate that the productlon of alcohol in
toddy can be increased by (i) the fermentation of heat—sterilized sweet

" toddy with pre—selected, efficient yeast strains in the presence of NH,+
_ salts and (ii) the addition of pure yeast inoculum into the collection | pots,

. there are llmltatlons in applying these two- methods. The hmltatmns in the -
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fermentation of heat—sterilized sweet. toddy are (1) the risk of altered -
flavour and aroma from the caramelization of sugars in sweet toddy (ii) the
need to have the sweet toddy:samples collected and to have the lime
~present in those samples removed by ‘the addition of superphosphate and. -
- (iti) the difficulties arising from large quantmes of palmyrah sweet toddy
hav1ng to be stenhzed without delay.

Introductlon of pure ycast moculum into collectlon pots also ‘involves
the preparation of a high density of yeast inoculum in a convenient form so
that it can be easily handled by the tapper. - : g
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