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Abstract: Field trials were carried out to test the finding that the addition of ammonium sals,
as a source of nitrogen for the metabolism of toddy yeasf, suppresses completely the
formation of hydrogen sulphide and enhances the ethanol yields. Four field trials carried out,
under normal conditions of tapping, showed that the addifion of ammonium safts a( a
concentration of 0.08% (w/v) of NH} ions to the collection pot prior (o tappingincreased the
ethanol content of toddy by an average of 12.5%; and the (ota: yield of ethanol by an average
of 26.5%. At this concentration of NHions the formation of hydrogen sulphide was afso
completely suppressed. Statistical analysis showed that the resuits observed are of high
statistical significance.

1. Introduc'ﬁon

Coconut palm wine (toddy) 1s a traditiona) beverage of Sri Lanka and other coconut
growing countries. Toddy is the fermented sap of the young inflorescence of the
coconut palm (Cocos nuciferg). The unfermented sap (sweet toddy) is the exudate
obtained from the young inflorescence by subjecting it to a skijied process called
tapping. The unfermented sap contains about 15-20% (w/v) sugars (mainly sucrose)
which are fermented to ethanol and a number of mingr components by a mixture of
wild yeast and bacteria. The fermented coconut palm wine which contains about 7%
(v/v).ethanol is drunk fresh or bottled (pasteurized) or is distilled to produce a palm
brandy (arrack).

The natural fermentation of toddy caused by the various types of wild yeast and
bacteria produces not only ethanol but also many by-products. The formation of these
by-products is responsible for the low ethanol yields and the off-flavours of cecconut
toddyi* 1t has been reported that the ethanol content of naturally fermented coconut
toddy is about 30% less than the theoretical yield *
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The main contributory factor for the off flavour of coconut toddy has been
traced to the formation of hydrogen sul’phjaé'durihg the natura. fermentation. Jansz e/
al* who ¢arried out a detailed 'stl.'\‘dyi on lbﬁ;sﬁbjcct attributed the formation of
hydrogen sulphide in toddy to the metabolic activities of some wild yeasts where the
sulphur containing amino acid cysteine\is utilized with the release of hydrogen

sulphide. The mechanism of this process as prdpogcd by Hough et al! is given in
figure 1.

HS. CH, CH(NH,) CO OH wild yeast . CH, =C(NH,) COOH
Amino | ‘Acrylic Acid
HS H 0 NH)
CH,CO COOH

Figure 1. Cysteine metabolism by yeast.

Subsequent work on the control of hydrogen sulphide formation in toddy
carried out by Jansz ef al?and Kalyananda ef a/resu'ted in thediscovery of anumber
of methods for this purpose. Out of these methods the addition of small amounts of
ammonium salts to the sweet toddy before the commencement of the fermentation
process appeared to be the simplest and the most feasible on a commercial scale. The
most attractive feature of this process was the increase in the etbano! yield in the
resulting toddy, which was around 25%.¢

Though coconut toddy has been a popular alcoholic beverage for several
centuries and also served as the base for the distillation of coconut arrack, the
problems of undesired flavours and Jow ethano! yields have remained unsolved. The
rethods reported earlier such as the nse of pure culture fermentation {or increasing
the ethanol yieldssare impracticable on a commercial scale. Therefore, the findings of
Jansz et aP? and Kalyananda er altafter extensive rescarch were considered to be of
pararnount importance to the coconut taddy industry in solving the above mentioned
problems.

These findings were important as they indicated that the low yields of ethanol
and off flavour of coconut toddy conld be solved by the simple operation of adding
ammonium salts to the collecting pot during the normal tapping process used on 2

commercial scale.



Control of Hyvdrogen Sulphide Formation in Coconut Toddy 3
“The field trials reported in this paper were carried out to test theapplicability of

these findings on a commercial scale. A detailed account is presented of four.field trials

carried out in four different locations and a statistical analysis of the results.

2. Experimental
2.1 Tapping and Fermentation of Coconut Toddy

Tapping of coconut palms for toddy was carried out by the regular tappers using the
normal tapping procedure and schedule. The tota! number of coconut palms in each
field trial were grouped into batches for convenience, and one sample (200 ml) from
each batch was drawn for analysis. Control (without added NH)) and experimenta:
(with added NH})trials were carried out on-alternate days. The same coliection pot
was used for both the control and the experimental trialsfor each inflorescence. In the
experimental trials a calculated amount of ammonium chloride was added (as a
solution or in the form of tablets) to the collecting pot at the time of tapping. Each
ammonium chloride tablet weighed about 0.6 g and contained 0.20 g of NH;j. The
amount of ammonium chloride to be added was calculated based on the volume of
toddy collected on the previous day. The number of tablets added was one for every
250 ml of toddy. The volume of toddy collected per pot ranged from 250 ml to 2000 m..
In order to complete the fermentation, toddy samples collected 24 hours after tapping
were allowed to stand for another 8-10 hours before analysis. However the evolution
of hydrogén sulphide was monitored right from the time the samples were collected ig.
from 8.00 a.m. to 3.00 p.m. on the same day of collection.

2.2 Analytical Methods

2.2.1 Estimation of Ethyl Alcohol - The ethyl alcohol content of samples of
toddy was estimated by the use of an Ebulliometer and was expressed as a percentage
by volume.

222 Estimation of Residual Sugay — The total residual sugar after inversion

was estimated by the Lane and Eynon method and was expressed as a percentage by
weight.
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2.3 Detection of Hydrogen. Sulphadc Hydrogm'z sulpl'uda -was detected
qualitatively by the use of lead-acetate-paper. . -

2.4 Ammonium chloride powder (tcchmca gradc:) was obtamcd from British
Drug House Limited, Overseas Division, U.K.

3. Resnlts

3.1 Field trials Ia and 1b — Conducted at the Randirippuwa Estate Coconut Research
Institute Lunuwila (From 15th March to 20th March 1978)

For these field trials a total number of seventy acvcn (77) trees were used, which were
grouped into 9 batches. The effect of adding Nl on the yield of ethanoi and the
formation of hydrogen sulphide was studied using two concentrations of ammonium
chloride. The ammonium chloride was added in the form of a salution and the two

concentrations used were 0.05% (wW/v) and 0.08% (w)V) of NH based on the volume
of toddy.

The results of this field trial are given in Table |

Incorporation  of NH at a concentration of 0.05% (W/V) only partly
suppress&d ‘the formation of hydrogen sulphide. In some batches there was no
suppression at all. Howcver, the ethanol yield was found to increase appreciab'y and
the results showed an average increase of 28% in total yield of ethano) )perbatchand an
avcragc increase of 13.0% in the ethanol content of the toddy. With theincrease of the
NH, concentration to 0.08% (w/v) a complete suppression of the hydrogen
sulphlde formation was observed in all batches. At the same time the total yield of
ethanol per batch increased by an average of 469 while the ethanol content in toddy
increased by an average of 329. The residual sugar ccmcms of fermented toddy was
found to be Very much Jess in samples treated with NH (at both concentrations)
ag compared with untreated (control) samples.

3.2 Field Trial 2 — Conducted at the Galawatte Estate, Land Reform Commissian,
Bandirippuwa (From 13th February to 20th Febraary 1979)

In this field tnal, ammonium chloride was incorporated into toddy in the form of
tablets to give the required concentration of NH | ions. The concentration chH"ions
used was 0.08% (w/v) based on the volume of toddy expected. The resultsare givenin
table |.
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Three hundred and twenty four (324) trees were used in this trial which were
grouped into nine batches. In this trial the effect of addingNHfions on the ethanol
content of the toddy and the formation of hydrogen sulphjdewzk 'studied, The effect
ofINH: on the total yield of ethanol per batch was not studied.

The results showed that the suppression of the formation of hydrogen sulphide

in the NH; treated samples was not complete and also the increase in the ethanal
content of toddy was around 7%,

The results of this field trial was affected by the changing weather conditions
mainly by the intermittent fall of rain.

3.3 Field Trial 3 — Conducted at the Kiripallagahawatte Estate, Molligoda,
Wiadduwa (From 30th November to 5th December 1579)

In this field trial, NH (0.089 w/v) were added (o the pot in the form of NH,C!
tablets as in the case of the 2nd field trial. The results are given in Table |,

At this concentration of NH: in the toddy an average increase of 17.1% in
the total yield of ethanol per batch and an average increase of 6.69% in the ethanol
content of the toddy was observed. In addition the hydrogen sulphide formation in
toddy was also completely suppressed.

3.4 Field Trial 4 — Conducted at the Molligoda Estate, Molligoda, Wadduwa (Fram
29th October to 7th November 1980)

In this field trial too NH_ Cl was added to the pot in the form of tablets to give a
concentration of 0-08% (w/v) of NH] based on the cxpected yield of toddy. As a
tesult, an average increase of 14.1% in the total yield of ethano) per batch and an
average increase of_4,4% in the ethanol content of the toddy were observed. The
hydrogen sulphide formation in toddy was also completely suppressed (Table |).

3.5 Statistical Analysis of the Results

A statistical analysis of the results obtained with respect to the total yield of ethano!
and the ethanol content of toddy is given in Table 2. The average increase in the total
yield of ethanol and the ethanol content of the toddy were statisticaily analysed to
determine the significance of the observed increases. In this analysis the '‘Paired-
sample Test® was applted. This analysis showed that the observed mean increases in
both the ethanol content of toddy and the total yield of ethanol were very highly
significant. :
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In the natural fermentation of coconut toddy'it ay ,t?—ofg'anic nitrogen in the
form of amino acids acts as the main source of - nitrogen-for the yeast metabolism: )
During the utilization of cysteine hydrogen snfphxdcm‘ ormed-as a by-produnct which
contaminates both toddy and the distilled proditet ‘Arrack’ gwmg rise to off-flavours.
Furthermore, the ethanol yields obtained by the natuﬁl fennenfaﬂon are usually far
below the theoretical yields. The low efficiency of | &ﬂgar utilization under norma.
conditions appears to be the main reason for this which ‘s apparent by the high
residual sugar contents observed. The supp y of an alternative and an easily digestible
source of nitrogen in the form of NH4 » as recommended by Jansz efal? appears (o
suppress the utilization of amino nitrogen by the wild yeast, As a resultthe formation
- of hydrogen sulphide is avoided, and the utilization of sugarisincreased resulting in
higher yields of ethanol.

In the field trials carried out to test this finding on a commercial scale as
reported in this paper a mean increase of 26.5% in the total yield of ethanoland 2 mean
increase of 12.5% in the ethanol content were observed. The significance of these
increases on statistical evaluation showed to he very high. [t was necessary in this study

to express the increases in the ethanol yields in terms of both the tota) yield per fleld -

trial and the percentage ethanol content of the toddy. This was because the percentage
ethanol content itself was inadequate to give a true picture due to dilution of the toddy
by rain water on many occasions.

The high statistical significance of the ohserved trends in these experiments are
jmportant when the highly variable experimenta: conditions under which the field
" tials were conducted are considered. The higher increases in the alcohol yields
. observed in tnals 1a and particularly in Ib may be attributed to the use of ammonium
' chlonide in the form of a solution in these trials. However, comparative studies on the
solubility and mixing of ammonium chloride in the toddy,when it is used as a solutianor
as a tablet, revealed thateven inthe form of a tablet ammonium chloride dissolved and
mixed adequately in the toddy. Some of the main prohlems encountered in this study

wWere:

(a) Inaccuracies caused by uneducated tappers in the estimation of the number of
tablets or the volume of solutjon of N H, Clto be added to the collection pot
on the basis of the expected volume of toddy.

(b). Adverse weather conditiops mainly rainfall, which cause variation of sugar
content of the sap, dilution of the toddy. etc.



" ““could “be achieved by the commercial implementation of the process. From
preliminary calculations it has been shown that the successfu. commarcia.
imptenientation of this process would bring about the foltowing:

“An increase of 0.36 million proof gallons of ethano! per annum from the
coconut toddy based distillation industries in Sri Lanka,

A saving of Rs. 6.2 millions per annum in foreign exchange spent for the
~ . import of potable spirt.

—{C) . An increase of Rs. 6,350/- per annum per acre in the income from coconut

toddy production.

e The above figures were calculated on the following data and assumptions:
T (‘i)- " Total production of coconut spirits/annum
- = 1.47 million proof gallons
Increase in the ethanol yield by the use of the reported
process = 259,

Total imports of rectified spirits = 1.5 million proof gallons/year (at the cost
of Rs. 22/- per proof gallon)

. Approximate volume of toddy/acre/day = 96 litres
. price of NH,Cl (Technical)/kg - Rs. 12.00
i Cost of NH,Cl tablets/acre/day = Rs. 6.60
) Price of a gallop of coconut toddy (7% v/v alcohol) - Rs. 6.00
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