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Control of Hydrogeh Sulphide Formation and Enhancement |
of the Ethanol Yield in Coconut Toddy — Field Trials
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Industrial Microbiology Section, Ceylon Institute of Scientific and Industrial
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Abstract: Field trials were carried out to test the finding that the addition of ammenium salts,
as a source of nitrogen for the metabolism of toddy yeast, 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 addition of ammonium salts at a
concentration of 0.08% (w/v) of NH ions to the collection pot prior to tapping increased the
ethanol content of toddy by an average of 12.5% and the total yield of ethanol by an average
of 26.5%. At this concentration of NH ions the formation of hydrogen sulphide was also
completely suppressed. Statistical analysis showed that the results observed are of high
statistical significance.

1. Introduction

Coconut palm wine (toddy) is a traditional beverage of Sri Lanka and other coconut
growing countries. Toddy is the fermented sap of the young inflorescence of the
coconut palm (Cecos nucifera). The unfermented sap (sweet toddy) is the exudate
obtained from the young inflorescence by subjecting it to a skilled process called
tapping. The unfermented sap contains about 15-209; (w/v) sugars (mainly sucrose)
which are fermented to ethanol and a number of minor 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 vields and the off-flavours of coconut
toddy.?* It has been reported that the ethanol content of naturally fermented coconut
toddy is about 30% less than the theoretical yield.‘i

Ev Saryjra.
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The main contributory factor for the off flavour of coconut toddy has been
traced to the formation of hydrogen sulphide during the natural fermentation. Jansz et
alP’ who carried out a detailed study on this*subject 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 proposed by Hough es al! is given in
figure 1.

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

Figure 1. Cysteine metabolism by yeast.

Subsequent work on the control of hydrogen sulphide formation in toddy
carried out by Jansz et al?and Kalyananda er a/resulted in the discovery of a number
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 ethanol 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 low ethanol yields have remained unsolved. The
methods reported earlier such as the use of pure culture fermentation for increasing
the ethanol yields¢are impracticable on a commercial scale. Therefore, the findings of
Jansz et al? and Kalyananda et gl after extensive research were considered to be of
paramount importance to the coconut toddy 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 could be solved by the simple operation of adding
ammonium salts to the collecting pot during the normal tapping process used on a

commercial scale.
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Control of Hydrogen Sulphide Formation in Coconut Toddy

The field trials reported in this paper were carried out to test the applicability of
these findings ona 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 oiit by the regular tappers using the
normal tapping procedure and schedule. The total 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 experimental
(with added NH;)trials were carried out on alternate days. The same collection pot
was used for both the control and the experimental trials for each inflorescence. Inthe
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;. 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 ml.
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 hydrogen sulphide was monitored right from the time the samples were collected ie.
from 8.00 a.m. to 3.00 p.m. on the same day of collection,

2.2 Analytical Methods

224 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 Sugar — 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 Sulphide = Hydrogen sulphide was detected
qualitatively by the use of lead-acetate paper.

24 Ammonium chloride powder (technical grade) was obtained from British
Drug House Limited, Overseas Division, U.K.

3. Results

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

For these field trials a total number of seventy seven (77) trees were used, which were
grouped into 9 batches. The effect of adding .\'I-l; on the yield of ethanol and the
formation of hydrogen sulphide was studied using two concentrations of ammonium
chloride. The ammonium chloride was added in the form of a solution and the two
concentrations used were 0.05% (w/v) and 0.08% (w/v} of NH; based on the volume
of toddy.

The results of this field trial are given in Table 1.

Incorporation of NH:I at a concentration of 0.05% (W/V) only partly
suppressed the formation of hydrogen sulphide. In some batches there was no
suppression at all. However, the ethanol yield was found to increase appreciably and
the results showed an average increase of 28% in total yield of ethanol perbatchand an
average increase of 13.0% in the ethanol content of the toddy. With the increase of the
NH; concentration to 0.08% (w/v) a complete suppression of the hydrogen
sulphide 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 320. The residual sugar contents of fermented toddy was
found to be very much less in samples treated with NH; (at: both concentrations)
as compared with untreated (control) samples.

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

In this field trial, ammonium chloride was incorporated into toddy in the form of
tablets to give the required concentration of NH  ions. The concentration ofNH:ions
used was 0.08% (w/v) based on the volume of toddy expected. The results are given in
table 1.
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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 adding NH; ions on the ethanol
content of the toddy and the formation of hydrogen sulphide was studied. The effect
of ?\‘H; 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 .\'H: treated samples was not complete and also the increase in the ethanol
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,
Wadduwa (From 30th November to 5th December 1979)

In this field trial, NH} (0.080; w/v) were added to the pot in the form of NH_.Ci
tablets as in the case of the 2nd field trial. The results are given in Table 1.

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 6.6% 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, Mol]igoda, Wadduwa (From
29th October to 7th November 1980)

In this field trial too NH,C! was added to the pot in the form of tablets to give a
concentration of 0.08% (w/v) of NH; based on the expected yicld of toddy. As a
result, an average increase of 14.1% in the total yield of ethanol 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 1).

3.5 Statistical Analysis of the Results

A statistical analysis of the results obtained with respect to the total yield of ethanol
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 statistically analysed to
determine the significance of the observed increases. In this analysis the ‘Paired-
sample Test’ was applied. 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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4. Discussion

In the natural fermentation of coconut toddy it appears that organic nitrogen in the
form of amino acids acts as the main source of nitrogen for the yeast metabolism,?
During the utilization of cysteine hydrogen sulphide is formed asa by-product which
contaminates both toddy and the distilled product ‘Arrack’ giving rise to off-flavours.
Furthermore, the ethanol vields obtained by the natural fermentation are usually far
below the theoretical yields. The low efficiency of sugar utilization under normal
conditions appears to be the main reason for this which is apparent by the high
residual sugar contents observed, The supply of an alternative and an easily digestible
source of nitrogen in the form of NH] | as recommended by Jansz et 4/ appears to
suppress the utilization of amino nitrogen by the wild yeast. As a result the formation
of hydrogen sulphide is avoided, and the utilization of sugar is increased 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 ethanol and a mean
increase of 12.5% in the ethanol content were observed. The significance of these
increases on statistical evaluation showed to be very high. It was necessary in this study
to express the increases in the ethanol vields in terms of both the total yield per field
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 observed trends in these experiments are
important when the highly variable experimental conditions under which the field
trials were conducted are considered. The higher increases in the alcohol yields
observed in trials la and particularly in 1b may be attributed to the use of ammonium
chloride 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 solution or
as a tablet, revealed that evenin the form of a tablet ammonium chloride dissolved and
mixed adequately in the toddy. Some of the main problems encountered in this study
were:

(a)  Inaccuracies caused by uneducated tappers in the estimation of the number of
tablets or, the volume of solution of NH,Cl to be added to the collection pot
on the basis of the expected volume of toddy.

(b)  Adverse weather conditions mainly rainfall, which cause variation of sugar
content of the sap, dilution of the . toddy, etc.
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The most attractive feature of the findings of this study is the financial benefits that
could be achieved by the commercial implementation of the process. From
preliminary calculations it has been shown that the successful commercial

implementation of this process would bring about the following:

(a)

(b)

(c)

An increase of 0.36 million proof gallons of ethanol 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 spirit.

An increase of Rs. 6,350/~ per annum per acre in the income from coconut
toddy production.

The above figures were calculated on the following data and assumptions:

()

(i)

Total production of coconut spirits/ annum
= 1.47 million proof gallons

Increase in the ethanol yield by the use of the reported
process = 250

(ii1) Total imports of rectified spirits = 1.5 million proof gallons; year (at the cost

of Rs. 22/- per proof gallon)

(iv) Approximate volume of toddy/acre/day = 96 litres

price of NH,Cl (Technical)/ kg = Rs. 12.00
Cost of NH,Cl tablets/acre/day = Rs. 6.60
Price of a gallon of coconut toddy (7% v/v alcohol) = Rs. 6.00
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Abstract: Palmyrah flour which is consumed by humans in some Asian and African
countries, has previously been reported to produce acute and chronic toxic effects in rats.
This report describes the characteristics of neoplasms which developed in rats which were
either fed directly on a 209 flour diet or were the offspring of palmyrah fed females. Single or
multiple malignant lymphomas of varying degrees of differentiation were the commonest
tumour; their predominant location was the small intestinal mesentery. Thymic and
pulmonary lymphomas and lymphomatous nodules attached to the spleen and kidney were
also present in some of these cases. A cervical fibrosarcoma and an intra-abdominal tumour
of possibly pancreatic origin were also included in this series. Hind Limb paralysis was
observed in three tumour bearing rats, one of which had an atrophic spinal cord. The toxic
effects of this flour, notably aberrations of immune competence, are discussed in relation to
the pathogenesis of these tumours with special reference to a possible aetiological role
of C-type viruses.

1. Introduction

Feeding of flour from the young shoot of the palmyrah palm, which is consumed by
humans in some Asian and African countries, was reported to produce hepatotoxic
and neurotoxic effects in short term feeding experiments!, hepatic veno-occlusion
with hepatic fibrosis!® and depression of humoral and cell-mediated immune
competence? after prolonged feeding in rats. The partial purification of a neurotoxin

from this flour was reported by Greig et al.8

During prolonged feeding trials for the investigation of a possible
hepatocarcinogenic effect of this flour, it was found that malignant tumours, notably
malignant lymphomas developed after 2 to 7 months of feeding of a 20% flour dict!

terminally some of these tumours became infected.

*Present Address —Department of Medical Microbiology, Faculty of Medicine, Unjversity of
Malaya, Kuala Lumpur.
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12 ; 8. N. Arseculeratne and R. G, Pangbokke

This report describes the characteristics of these tumours and discusses their
possible pathogenesis together with their relevance to malignant lymphomas in
rodents and in humans in Sri Lanka with special reference to aberrations in immune
competence as a pathogenetic factor.

2. Experimental
2.1 Flour

Flour was obtained by grinding boiled and sundried, recently harvested shoots of the
palm; the flour was stored at 4°C to prevent microbial spoilage. This flour showed no
contamination with the commonly used agrochemicals (chlorinated hydrocarbons,
organophosphorus compounds or paraquat) or with aflatoxin; nitrosamines and
pyrrolizidine alkaloids were not detected in this flour.

2.2 Rats

Four batches of male, random bred, Wistar rats (150-200 g) were used, each batch
having consisted of 10 test rats, free fed on a 209 flour-pellet powder mixture with
water ad /ib. and 5 control rats in each of the 4 batches, free fed on standard rat pellet
powder with water ad /ib. A total of 40 test rats and 20 control rats were thus used.
Each cage housed 5 rats, test or control.

Included in this series, are 3 tumour bearing rats (No. 10, 17 and 18) which were
not directly fed the flour diet but were the offspring of females which were fed the test
diet during pregnancy in separate experiments. The offspring were fed normal rat
pellets after weaning while the mothers were fed the normal diet after parturition.

2.3 Histology

Representative portions of the tumours and other organs were fixed in 10% formol-
saline. Sections 5 # in thickness, of paraffin blocks were stained with haematoxylin
and eosin (H & E), reticulin stain and Gram'’s stain. With infected tumours, the walls of
the abscesses especially at the sites of attachment, were examined microscopically for

neoplastic tissue.

On account of the obscurity of the disease when first encountered, no
specimens such as blood or bone marrow smears, lymph nodes, which were considered
relevant in retrospect, were examined.

2.4 Ultrastructural studies

Multiple pieces of tumour from the abdominal and thymic lymphomas in rat N. 12
were processed in glutaraldehyde, osmium tetroxide and Epon for electron
microscopy. These specimens were examined by Dr. Robert J. Huebner (National
Cancer Institute, Bethesda, Maryland, USA).
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2.5 Bacteriology

At necropsy done as soon as possible after death or under ether anaesthesia of
moribund rats, the tumour was exposed aseptically; the pus from the 5 infected
tumours was examined by Gram’s and Ziehl-Neelsen stains and cultured on sheep
blood agar which was incubated aerobically and anaerobically at 379C for 2 to 3 days.
Standard bacteriological tests* were used to characterise and identify the isolates.

3. Results

This series comprised 18 rats with tumours or abnormal histology which was
suggestive of neoplasia. Of these, 15 rats from the 4 batches (40 rats} which were
directly fed the test diet, developed tumours. The remainder of the test diet fed rats,
died spontaneously withoeut evidence of neoplasia. Three rats (No. 10, 17 and 18) were
not directly fed the test diet but were the offspring of females which had been on the
test diet during pregnancy in separate experiments, None of the control rats (nor stock
rats in the animal facility) fed the same standard pellet diet developed neoplasia.

3.1 Time of appearance of tumours

The tumours were first detected between 2 and 7 months of the commencement of
feeding of the test diet.

3.2 Location of tumours
The location and number of tumours in each of the 18 rats is shown in Table 1.

Except in 3 rats, the site of origin of the single and multiple intra-abdominal
lymphomas was not obvious, although the mesenteric lymph nodes could have been
the site of origin. These tumours were associated with the small intestinal mesentery
and adherent to the adjacent viscera and intestines. In 3 rats, one lymphoma was
retroperitoneal on the infrarenal posterior abdominal wall. In 2 other rats, single large
lymphomas were diffusely adherent to the posterior abdominal wall in the
paravertebral region.

33 Macroscopic appearances

The uninfected intra-abdominal lymphomas were thin walled, multinodular, cystic
and haemorrhagic in some areas and solid in others, with marked vascularity in
restricted zones. The large infected tumours had thick walled fibrous capsules and

contained viscid or caseous yellowish pus; the haemorrhagic cysts contained brownish
material,

The pulmonary lymphoma in rat No. 4 was a small well defined nodule within
the lung tissue. In rat No. 18 the apical pulmonary lymphoma was confluent with the
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thymic mass., An ill defined indurated area in the lung of rat No. 12 consisted of diffuse
lymphoid cell infiltration.

Table 1. — The distribution according to site and number of tumours or lymphoid tissue abnormalities, in
palmyrah treated rats.

Number, site and nafure of tumour Experimental number of rat
directly fed rats
1 intra-abdominal lymphoma L2, Bi6.7, 16
1 intra-abdominal lymphoma with 1 4
pulmonary lymphoma
1 intra-abdominal lymphoma with 1 14
lymphoma on ventral surface of base of heart
3 intra-abdominal lymphomas; 1 thymic lymphoma 9
4 intra-abdominal lymphomas; 1 on upper pole of nght kidney. 12

adherent to liver; | thymic lymphoma; a lymphoma on
posterior thoracic wall

1 cervical lymphoma of obscure origin 5

| axillary lymphoma of obscure origin 15
| cervical fibrosarcoma (Figure 2) of ill defrned origin 11
1 intra-abdominal tumour of possibly pancreatic origin 13

progeny of palmyrah fed mothers

2 intra-abdominal lymphomas; | in gastro-splenic omentum 10
1 thymic lymphoma confluent with apical pulmonary lymphoma 18
abnormal thymic tissue 17

Table 2. The Provincial incidence of malignant lymphomas in Sri Lanka (1973-1977). Total
number of malignant tumours examined, 11844, Total number of malignant lymphomas 739.

Province malignant lymphomas
per 100,000 population

Northern 13.8

Southern 2.0

Western 228

Eastern 2.6

North Central 0

North Western 32

Central 3.3

Uva 51

Sabaragamuwa 34

The thymic lymphomas were solid, thin walled, well defined masses.

The intra-abdominal tumour of apparently pancreatic origin in rat No. 13 was
a large (5 cm diameter) hard, fibrous, coarsely multinodular, non-infected tumour
which in comparison with the intra-abdominal lymphomas was relatively vascular.
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Serous pleural effusions were present in rat No. 12 with multiple (mesenteric,
thymic and pulmonary) lymphomas and in rats No. 3 and 13; pleural and peritoneal
effusions were present in rat No. 16.

Hind limb paralysis was present in 3 rats - No. 7 which had a single mesenteric
lymphoma, No. 12 which had multiple intra-abdominal lymphomas together with a
thymic lymphoma, and in No. 14. The spinal cord of the lumbar region was
macroscopically atrophic in rat No. 12; the cords in rats No. 7 and 14 were not
available for study.

3.4 Microscopic appearances

Intra-abdominal mesenteric lymphomas. A noteworthy feature of these tumours was
the variation, between rats and within the tumour of an individual rat, of the degree of
differentiation of the lymphoid cells, from poorly differentiated, large pleomorphic
cells (Figure 3) with a large, indented, single nucleus and numerous mitotic figures, to
smaller cells with scanty cytoplasm which were more typical of mature lymphocytes.
Giant cells were occasionally present, especially in the less differentiated tumours.
Five lymphomas had a predominantly lymphoblastic morphology while 6 had
appearances of mixed (lymphoblastic and lymphocytic) patterns; one was
predominantly lymphocytic. In 3 tumours with infection, a clear identification of the
pattern from the residual lymphoid tissue, was difficult although neoplastic lymphoid
cells were present in the wall. In two infected intra-abdominal tumours (rat No. 7 ard
8) which were closely adherent to the posterior abdominal wall lymphoid cell
infiltration into the muscle of the wall was noted.

Thymic Ilvmphomas. These were multinodular with a thin fibrous
encapsulation, The cortical-medullary pattern was replaced by a mass of
lymphomatous cells; in some areas, the cells were pleomorphic, poorly differentiated
and resembled lymphoblasts while in other areas, the cells were more differentiated,
resembling lymphocytes. The overall appearances were those of a mixed cell
lymphoma. There were areas of necrosis without haemorrhage or infection. Scattered
giant cells were present,

In rat No. 17 the enlarged thymus had lost its normal architecture, which was
replaced by well differentiated lymphomatous cells without evidence of infiltration. In
rat No. 18 the thymus showed a normal histological pattern in some areas; in other
areas which were confluent with the pulmonary lymphoma, bizarre cells with a
pleomorphic morphology suggestive of lymphoblasts, were present.
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Dr. Robert J. Huebner (personal communication) reported on the
ultrastructure of the thymic lymphoma in rat No. 12 as “.....packed thymus tumour
cells having no evidence of type-C virus”.

Pulmonary lymphomas. 1n 3 rates (Nos. 4.9,16) the alveolar septa were diffusely
infiltrated with lymphoid cells which were well differentiated and distinct from the
peribronchial masses of lymphocytes seen in normal rats. One of the tumour bearing
rats (No. 4) had a localised, 4 mm lymphomatous nodule in addition. The pulmonary
lymphoma in rat No. 18 was poorly differentiated and had infiltrated the pulmonary
veins. In rat No, 9 microscopic collections of lymphoid cells were present in the
alveolar septa. Vascular congestion and alveolar oedema were noted in rat No. 8 and
13.

The lymphoma in the posterior thoracic wall of rat No. 12 was of the more
differentiated lymphocytic type but more haemorrhagic than its abdominal
counterpart, and had infiltrated the muscles of the thoracic wall (Figure 4).

Renal Iymphomas. The lymphoma in the anterior pole of the right kidney in rat
No. 12 had a mixed lymphoblastic-lymphocytic pattern with a predominance of more
differentiated cells.

Fibrosarcoma. The single large fibrosarcoma in rat No. 11 (Figure 2) was a
mesenchymal, malignant tumour with wide variations in histological appearances
(Figure 5). In solid areas the tumour was vascular and cellular with large, elongated
pleomorphic cells containing bizarre nucleii and many mitotic figures. Other areas
were cystic with haemorrhages and necrosis without infection, and were more fibrotic.
Infected areas showed a neutrophilic cell reaction.

The reticulin pattern was that of connective tissue with no evidence of an
adenomatous structure. Cellular differentiation into fibroblasts with myxomatous
change in the stroma was present in some areas. The peripheral blood smearshowed a
normoblastaemia with polychromasia of the red cells,

The liver. In rats Nos. 6, 12, 13, 14 and 15, the liver showed vascular
abnormalities which were similar to those described in earlier reports!s viz., central
and portal venous subendothelial ocdema or occlusion with fibrous tissue. In rat
No. 12 which had 4 intra-abdominal lymphomas and a thymic lymphoma, well marked
veno-occlusive reactions were present with extensive tracts of fibrous tissue which
bridged portal tracts, with scattered areas of hepatocellular necrosis (Figure 6) and
hyperplasia of the hepatocytes with multinucleated cells. Infiltration of the liver by
lymphoblastoid cells was seen in rat No. 16,
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igure 1. Thymic lymphoma (arrow)
at base of heart (H) in rat No. 12.x 1.8
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Figure 4, Site of attachment of

Figure 3. Poorly differentiated
lymphomtatous  eells in  single pulmonary lymphoma to posterior
mesenteric lymphoma in rat No. 5. thoracic wall, showing lymphomatous
H&E, x 18000. cell infiltration into muscle.

H&E, x 210
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Figure 5. Uninfected cellular region of Figure 6. Commencing central venous
cervical fibrosarcoma of rat No. 11, occlusion (V) and hepatocellular
H&E, x 210. necrosis (N) in rat No, 11.

H&E, x 120,
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Figure 8. Loss of follicular pattern in Lympho
splecn in rat No, 10 with 2 intra- infiltration into pancreas in rat
abdominal lymphomas. H&E, x 100 No. 16. H&E, x 650.
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The pancreatic tissue was infiltrated by lymphomatous cells in rat No. 6 (Figure
7).

The intra-abdominal tumour in rat No. 13 had a fibroadenomatous structure;
proliferating acini, both tubular and solid were scattered in a densely fibrotic mass.
The tumour was of uncertain origin although it bore some resemblance to the well
differentiated pancreatic adenocarcinoma described and illustrated as ‘Figure 57 by Roe
and Roberts?!; no evidence of cell infiltration was noted in our tumour.

Spleen. In rat No. 10, the large 8 cm infected lymphoma was accompanied by a
small 1 cm lymphoma in the gastro-splenic omentum, closely attached to the spleen
which itself was of normal dimensions. The spleen however showed loss of
architecture (Figure 8) in most of its tissue which was replaced by large, poorly
differentiated lymphoblastic cells.

Axiliary lymphoma. In rat No. 15, the axillary lymphoma had no follicular
pattern but consisted of a diffuse mass of mixed-lymphoblastic and lymphocytic-cells

in equal proportions.

Bacteriology

Of 7 infected tumours, pus from 5 was available for bacteriological examination. Two
yielded no bacterial isolate. Pus from the solitary lymphoma in the neck of rat No. 5,
yielded Klebsiella aerogenes as did one intra-abdominal lymphoma in rat No. 7. An
unidentified Corynebacterium species was isolated from one of the mesenteric
lymphomas in rat No. 9,

4. Discussion

Spontaneous lymphocytic neoplasms, described as rare in rats? have been reported in
experimental and wild rats and their occurrence is regarded as strain and colony
dependent ** The latterauthors reviewing the literature on lymphoid neoplasms in the
rat reported that the intra-abdominal location was common with lymphosarcoma in
Wistar rats, many of them arising in the ileocaecal mesentery. The histological
appearances of lymphocytic lymphomas (lymphosarcomas) in the rat as reviewed by
Swaen and van Heerde?® are similar to those in our tumours including the variation in
their differentiation from lymphoblastic to lymphocytic with mixed appearances even
in the same animal. No splenic tumours were noted in our animals: this compares with
reports'3 that the spleen is not involved in chronic rodent lymphomas in contrast to
myeloid leukaemias.

Data on the development of malignant lymphomas in humans and animals,
naturally or experimentally, suggests several possible pathogenetic mechanisms for
the induction of lymphomas in our rats.
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(i) The predominance of lymphoreticular tumours amongst the mesenchymal

neoplasms in immunodeficient hosts ®7 led to a modification of the
concept of immunosurveillance and its corollary that immunodeficiency
predisposes to neoplasia, to regard disordered immunoregulation as the
operative mechanism. This view?2% considered that in the presence of
partial immune-suppression, persistent antigenic stimulation induces
lymphomas vig viral activation and proliferation of transformed
lymphocytes.!'*** Habeshaw® regarded non-Hodgkin lymphomas as

representing abnormal immune responses (see also '),

In a brief communication Panabokke and Arseculeratnels
hypothesised that the lymphomas in palmyrah fed rats and their secondary
infection resulted from immunosuppression produced by the toxic
constituents of the flour. Arseculeratne er a/.2 reported aberrations of the
immune competence of rats, after 7 and 32 weeks of feeding of a 25%
palmyah flour diet. In 7 week fed animals, a depression of humoral and cell
mediated immune competence was found; after 32 weeks some rats
(Arseculeratne, unpublished data) showed a depression while others
showed enhanced humoral and cell mediated responses. Augmentation of
humeoral responses as found in rats after 32 weeks of palmyrah feeding
could conceivably produce antibody or immune complex mediated
enhancement of tumours!*” see also.® This differential response
(enhanced humoral or cell mediated reactions or their depression) may
explain the development of malignancy in only some of the test animals of
the present series.

Swaen and van Heerde?® referred to an association between chronic
infections as an initiating event and lymphocytic tumours in rodents. In
our rats, the chronic infection supervened on advanced tumours and was
not a determinant or precedent of the tumours; they were probably
opportunistic infections with an immunodepressed state. On the other
hand. in relation to a possible source of persistent antigenic stimulation as
a synergistic factor with disordered states of immune competence in the
development of neoplasia, we can only speculate that the chronic hepatic
lesions which we have earlier described in palmyrah fed rats (and which we
found in some of the tumour bearing rats of the present series) could have
resulted in a diminished capacity of the Kupfer cells to sequester antigens
from the intestinal tract or to the release of antigens after liver damage ¢
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(i1) An alternative hypothesis for the origin of our lymphomas is the activation
of latent endogenous viruses by the chemical constituents of the flour as
has been suggested of some chemical leukemogens.’s Gardner et al’
described a C-type virus disease in wild mice, which bears some
resemblance to that in our rats - the predominance of malignant
lvmphomas, the development of fibrosarcoma, hind limb paralysis and
spinal cord degeneration. The acute neurotoxic effects produced by
palmyrah flour are attributable to its neurotoxin® Although the chronic
neurotoxic effects, if any, of this neurotoxin are as yet unknown, it is
possible that the hind limb paralysis in addition to the tumours were a part
of the disease induced by C-type viruses. Dr. Huebner commented on the
absence of ultrastructural evidence of C-type viruses in the thymic
lymphoma of rat No. 12 as follows: “The absence of rat Type-C ' virus is
not unusual in carcinogen induced cancers. The rat virus is expressed after
15 or 20 subtransplants into new syngeneic hosts. When cultured in vitro
the rat virus may appear in the cells after 20 or more subcultures.”

The development of lymphomas in the progeny of our palmyrah fed
fernales is consistent with reports of vertical transmission of murine
leukemogenic viruses!3, either through gonadal tissue or milk.

(iii) It has also been suggested that chromosomal damage may be an alternative
mechanism for the induction of neoplasms by chemical agents!’ The
immunosuppressive agents azothiaprine and 6-mercaptopurine which
increase host susceptibility: to neoplasia are also known to cause
chromosomal damage. In view of the clastogenic effect of palmyrah
extracts on human lymphocytes,!? this mechanism would also remain a
possibility in our flour induced tumours,

While it is difficult to identify one mechanism as the basis of the
pathogenesis of our lymphomas, it is perhaps more likely that several
factors such as aberrations of immune competence, the activation of C-
type viruses and clastogenic activity were synergistically involved.

Of what significance are our findings to the human situation? It is in
the Northern Province of Sri Lanka that this palm is most extensively
grown and its flour consumed. From a study of the geographic pathology
of malignant disease during a 5-year period (1973-1977) in Sri Lanka,
Panabokke (1980 - unpublished data) found the incidence of malignant
lymphomas in the 9 provinces of this country, as shown in Table II.
Excluding the data from the Western Province which has the country’s
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only cancer hospital- data from which may therefore be biased- it appears
that the incidence of malignant lymphomas in the Northern Province is
approximately 4 times higher than the mean incidence in the 7 other
provinces. The natural environmental radiation levels in the Northern
Province are not higher than in the rest of the country and the possibility
remains to be investigated that the relatively higher incidence of malignant
lymphomas in this province is aetiologically related to the high
consumption of palmyrah flour, a situation which parallels that in our
experimental rats. Plouffe er a/'¥ reported immune suppressive effects of a
lectin from the navy bean and noted a clustering of cases of Hodgkin’s
lymphomas in humans living in the vicinity of a navy bean processing mill.
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Abstract: An experiment was carried out to examine the effects on certain physiological
indices of heat siress in buffaloes subjected to restriction of water in a hot (Air temperature =
27.6 - 32.8C) and humid (Relative humidity = 62 - §49) environment. Five each of growing
(Mean age = 10 months), lactating (Mean milk yield = 5 litres/day) and pregnant (8 - 9th
month of gestation) Surti buffaloes were grazed under young coconut palms and subjected to
three treatments in successive periods, each of three week duration. Fach treatment was
imposed on all groups of animals simultaneously. In treatment I referred to as the normal
management, animals were allowed drinking water ad fibirum and wallowed for 1.5 hours
daily. In treatment TI wallowing was denied. and treatment 111 comprised restriction of
drinking water in addition to denial of wallowing. Thermal stress was monitored by
measuring rectal and skin temperature, respiration, pulse and cutancous evaporation rates of
each animal several times a day.

All physiological variables studied showed a progressive increase from 0700 hours till
1400 hours and deglined towards 1800 hours. The time effect was very highly significant
(P<0.001). Under normal management, growing heifers were found to be more stressed than
the adults. Denial of wallowing and restriction of drinking water caused an aggravation of
heat stress with an average elevation of 0.9 - [.29C in rectal temperature and 16 - 18
respirations per minute at mid day over their respective base values, No significant group
difference was observed during the latter treatments. The average rate of cutaneous
evaporation of 310 = 15 during treatment 1 decreased to 271+ 15 g/m?/hour in treatments 1

and II1. Heifers generally showed a lower rate of cutaneous evaporation and higher rate of
respiration.

The results indicate that despite shade the buffaloes suffered from heat stress as the
ambient temperatures increased. Lack of wallowing and restriction of drinking water
aggravated the stress. Young animals were possibly more dependent on the pulmonary route
for evaporative cooling. Adult buffaloes did showa capacity to lose moisture through the skin
at rates comparable to those of zebu cattle.

1. Introduction

Buffaloes in general, show a greater affinity to water than other domestic Ljumina{lts. It
is believed that the habit of wallowing in water or in wet mud plays a crucial role in the
dissipation of excess body heat, while drinking water is also known to play somewhat a
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lesser role in thermal regulation. Tropical regions frequently encounter periods of
drought when supply of adequate water becomes a problem. The combined effects of
hot and humid environments of the tropics and scarcity of water may act as a limiting
factor to the survival and productivity of buffaloes maintained in such environments.
In view of the envisaged plans to utilise buffalo as a major source of milk and draught
power in Sri Lanka, a complete understanding of the interactions of the buffalo with
the tropical environment should prove useful. The present study was undertaken to
study the effects of restricting water, both for wallowing and drinking, under hot-humid
conditions to growing, pregnant and lactating buffaloes of a recognised dairy breed.

2. Materials and Methods

Animals used in the experiment were chosen from the herd of Surti buffaloes on the
National Livestock Development Board Farm at Melsiripura. They comprised five
cach of growing heifers (average age = 10 months, weight = 140 kg), pregnant (mean
age = 8 years, weight = 387 kg and in 8th to 9th month of gestation) and lactating (mean
age = 8 years, weight = 344 kg and yielding 5 litres of milk per day) cows.

Animals were grazed continuously on cultivated pasture — Brachiaria
miliformis under young coconut trees which intercepted approximately 70% of the
solar radiation. They were also supplemented with cut grass in the night. Lactating
animals only were provided with supplementary concentrate feed. Milking was done
twice daily at approximately 12 hour intervals. Except when required as a part of the
experimental treatment animals had continuous access to drinking water providedina
trough and were also wallowed in a lake between 1430 and 1600 hours each day.

Animals were subjected to the following three treatments, each treatment
imposed on all 3 groups simultaneously.

Treatment 1;—
All animals were managed as described above; they were allowed
drinking water @/ libitum and wallowed for 1.5 hours daily.

Treatment II:—
' Same as above but they were not allowed to wallow,

Treatment I11:—
Animals were not allowed to wallow. In addition water for drinking

was restricted by offering only every other day.

Each of the treatments 1 and Il lasted three weeks while the duration of
treatment III was 4 weeks. Measurements were made during the last two weeks
allowing one week for adjustment for Treatments I and 11 and 2 weeks of adjustment in
the case of Treatment IIT,

The following measurements were made on each animal in each treatment at
700, 900, 1200, 1400 and 1800 hours. Rectal temperatures were measured by means of
a clinical thermometer and respiration rates by counting flank movements. Skin
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temperature was measured on the belly about 7 cm lateral to the mid line using an
electric thermometer with a touch thermocouple. Cutaneous evaporation rate was
ascertained from a clipped patch on the dorsal lumbar region by using cobalf
c¢hloride impregnated paper discs according to Schleger and Turner.!* On
standardising the technique it was found that 11.2 g water/ m? paper were required to
change the colour of the disc from violet to bright rose.

Respiration rates were measured before disturbing the animals. Thereafter,
each animal was tied to a coconut tree and the balance measurements were made, the
rectal temperature being taken last. Within a few days, the animals settled downto the
procedure and showed no signs of excitement.

Analysis of data

Separate analyses were performed within each treatment-period to ascertain the effects
of time of observation within treatment.

Data from each time of observation were subjected to analysis as a split plot in
accordance with Gill and Hafs 5 for repeated measurements on the same animal. The
model used in this instance included the effects of groups of animals, treatment and
group x trcatment interaction. Group and treatment means in each casc were
compared according to Duncan’s multiple range test.

3. Results

The ambient temperature and humidity levels that prevailed at the location of the
experiment during the study period are presented in Table L It will be seen that the
climatic conditions were not subjected to much variation across 3 treatment periods.
The Group — Treatment — Time of day sub class means of the different physiological
variables are given in Tables 2 and 3. In all treatments rectal and skin temperatures,
respiration, pulse and cutaneous evaporation rates showed a progressive increase up
to 1400 hours and showed a decline at 1800 hours (Figures 1 a to 1 e). The time effect
was significant (P <0.001) on all variables (Table 4). Although the measurements
relate to fixed times of the day, in effect they could be related to variation in
environmental temperature and humidity. It is in terms of the latter that the results will
be discussed.

3.1 Rectal temperature

Rectal temperature of growing heifers was found to be generally higher than that of
adult cows. In Treatment 1, heifers also recorded a significantly greater elevation of
rectal temperature. There was no significant treatment effect on the base values of
the groups. With the restriction of water. although the heifers continued to record higher
temperatures at any given time the elevation at higher air temperature was less (0.8%C)
than those of pregnant and lactating cows (1.2%C).
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Tahle 2, Mean Respiration, Pulse and Cutaneous evaporation rates of lactating (L) preguant (Pyand
growing {(G) buffaloes at different times under three (I, 11, and [11) treatments.

Time of Group Respiration/ Min Pulse/ Min Cutaneous _
day of evaporation g/ m?/hr
animals 1 11 I 1 11 I 1 11 I

0700 L 214 226 31.6 464 550" 63.8 234" 148 182"
P 194 20.0 32.8 50.6* 56.2% 65.2 315' 228 266"
G 226 268 31.8 66.2° 634" 58.0 214" 200 164"
0900 L 214 334 444 52.0° 57.0 63.2 361 265 286"
P 226 274 344 5927598 658 402 332 3307
G 221 342 578 67.6° 658 59.6 284 295 228’
1200 L 30.8 39,6 42.2° 51.4" 564" 67.4 385 290 240
P 32.0 304" 358" 61.0° 59.6” 73.4 350" 327 285
G 43.0 47.2' 6627 67.2° 67.2° 73.0 315 305 225-
1400 L 194 408 51.6° 58.8° 644" 72.0 2577 286 290
P 202 340 402 65.6° 68.6° 754 315" 315 355"
G 262 450 54.0° 802" 77.6° 71.0 192’ 287 235
1800 L 194 27.0" NR 47.8° 61.0° NR NR 295" 281
P 190 224" NR 534" 6447 NR NR 320" ,260
G 225 28.6° NR. 67.3° 724° NR NR 235" 242
Pooled s.e. 3.6 29 15
of mean

Figures with different superscripts within treatment - time sub class are significantly
differeni (P=0.05)
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Table 3. Mean rectal and skin temperatures of lactating (L), Pregnant (P) and Growing (G) buffa-
3 loes at different times under three (I, IT and 111} treatments,

Time Group Rectal temperature °C ~ Skin temperature °C
of day of
animals
| 1l 111 | sty
0700 L 38.0° 38.1° 38.1 33.1" 332 329
p 8.7 3777 32 3237324 328
G 38.4 38.6° 384 33.0 334 33.0
6900 T 37.9" 38.2%390 340 34.6 36.0
p 38.2% 38.3° 38.8 350 342 358
G 38.8" 387" 39.0 357 345 356
1200 L 38.7" 387 39.0 35.7 358 36.2
P 38.8% 38.5 389 36.7 359 355
G 39.3" 389 389 36.6 36.1 35.7
1400 L 384~ 38.8% 39.5 332 357 355
P 38.6* 38.9* 39.5 337 356 35.0
G 3897 39.2Y 394 33.6 36.1 355
1800 L 38.0" 389" 39.0 324 349 330
P 38.4" 387" 39.2 33.1 34.1 333
G 3907 3927 923 339 345 07
Pooled s.e. 0.13 0.30
of mean

Figures with different superscripts within treatment — time sub class are significantly
different (P <005)
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3.2 Skin Temperature

The mean basal skin temperature across groups and treatments was 30.0£0.3%C. Except
for a significantly lower temperature of the pregnant animals in treatments I and 1l skin
température did not differ among groups or treatments al any of the times. There was
also a significant group x time interaction showing that the magnitude of change with
time was not uniform across groups.

3.3 Respiration

In Treatment I and II the basal respiration rate averaged 22/minute with no significant
differences among groups. Denial of wallowing together with deprivation of drinking
water caused the basal respiration rate to increase significantly (Mean = 32/min). Heifers
had higher rates at higher temperatures. Treatments had no significant effect on the
clevation of respiration rates at higher air temperatures, Groups differed significantly in
the rise of respiration rates in Treatment Il in the order heifers > lactating > pregnant
COWS.

34 Pulkse i

A significantly higher pulse rate was observed in heifers (Mean = 65.3) compared to adults
{Mean = 52,0) in treatments I and II only. A significant rise in the basal pulse rate of the
adults, indicating a group x treatment interaction, resulted in the elimination of the group
differences in treatment II1. Heifers also showed a greater clevation at higher air tempera--
tures. This difference in elevation was significant only at 1400 hours in treatments II and
I11.

3.5 Cutaneous evaporation

Base values of cutaneous evaporation in treatment I and 11 showed a significant (P <0.01)
group difference with pregnant cows having a higher rate than either lactating cows or
the growing heifers. However, at higher air temperatures it was seen that the two adult
groups lost significantly (P < 0.01) greater amounts of moisture through the skin than
the heifers. Restriction of water caused a general decline in the rates of cutaneous
evaporation in all three groups.

4. Discussion

Shade is considered to be an important factor in ameliorating climatic stress in
buffaloes. However, as reflected by rectal temperature and respiratory responses it
was evident that the animals in this study, despite some protection from direct
sunlight, were subjected to thermal stress as the environment became warmer,

Evaporation of water through pulmonary and cutaneous routes is known to
play a significant role in heat loss? in mammals, while Pandey and Roy!? considered
respiratory evaporation to be of greater importance than other mechanisms in

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Effects of Restricting Water to Growing, Lactating and Pregnant Buffaloes 37

maintaining heat balance in buffaloes. The observed changes in the different
physiological parameters in association with changes in air temperature and humidity
are therefore to be expected, and agree with those reported for cattle and buffaloes 8¢
exposed to sun at comparable air temperatures.

Trends in rectal temperature and respiration rates in the heifers under normal
management (Treatment 1) would indicate that they were less efficient in overcoming
heat stress. Pal!! and Asker, Ragab and Ghany? have concluded that buffalo calves
suffer much more from heat than adults do. Howevery, it has been shown that the
increase in heat tolerance of adults is interrupted by lactation and pregnancy. '?
Enhanced heat production due to increased metabolism in the latter categories of
animals make them more vulnerable to heat stress. Qur results, therefore are at
variance from expectations. Conditions in treatment 1 probably had only mild effects
for it was seen that the trend reversed in treatments II and 111 resulting in the adults
being equally or much more stressed than heifers. :

1t is believed that buffaloes have a poor capacity to sweat due to a relative
paucity of sweat glands. Hafez, Badreldin and Shafei¢ calculated the area of glandular
surface per unit area of skin to be only a third of that in cattle. Nevertheless, rates of
cutaneous evaporation in Murrah buffaloes almost similar to certain breeds of zebu
cattle have been observed at air temperatures of 40°C.7 The rates recorded in our study
are similar to those of the above study but higher than those of swamp buffaloes
reported by Moran!® In this context it is also noteworthy that the site of measurement
in the present study — the dorsal lumbar region is noted to be the area with the lowest
density of sweat glands in the buffalo® whereas Moran!? measured in the shoulder
region which has a much greater dénsity. Furthermore our observation of a lower rate
of moisture loss in the heifers is in contrast with the reports that the sweat gland
density, and therefore the sweating capacity in buffale decrease with age!® Genetic
differences of the animals used, differences in site of measurement and in
environmental conditions are likely factors responsible for the inconsistencies.
However, it is also possible thaf all of the moisture was not due to true sweating but
partly due to insensible loss of moisture by diffusion through the epidermis. Latter has
been recognised to contribute significantly to moisture loss in a variety of animals*
The decline in cutaneous evaporation associated with restriction of water may also
support this explanation. Buffalo calves have a relatively more hairy coat. It is possible
that diffusion of moisture is therefore, interfered with to some extent unlike in the
adults, and the pulmonary route assumes greater importance in evaporative coolingin
the heifers. This may explain the lower rate of cutaneous evaporation and higher
respiration rates in the heifers.

It was readily apparent that denial of wallowing caused the lactating and
pregnant animals to be more stressed whereas heifers were affected to a lesser extent.
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Data on water metabolism showed that there was a dramatic increase in water
turnover rates during this period (Ranawana, Tilakaratne, Srikandakumar,
unpublished data). This was probably due to increased water intake as an attempt to
compensate for the lack of wallowing. Apparently it did not help the animals to a
notable degree. Thus the results underline the importance of wallowing to the buffalo
as a means of cooling themselves.

In treatment 111, when drinking water was restricted along with decline of
wallowing it was seen that the heat tolerance was further affected and thermal stress
aggravated, no doubt part of it was due to carry over effect from Treatment II. Tt must
also be borne in mind that there is some confounding of treatment effects with the
physiological status of particularly the lactating and pregnant cows. The advancing
foetus of the pregnant animals would be expected to cause additional heat load while
the milk yield of lactating cows was likely to decline with advancing stages of lactation
resulting in a lesser heat load. In fact a progressive drop in average milk yield was
observed (Period I=15.24, 11=3.68 and I11= 2,39 L/ day) with the treatment differences
being significant (P < 0.01). This decline, however, was evidently brought about by
treatment effect since it was noted that the milk yield began to increase a week after the
termination of the trial. The effects on milk yield were probably due to reduced feed
intake as a result of thermal stress.

Surti is a breed of buffaloes developed in the North Western regions of India
where the climate is extreme in both winter and summer. The present results however
would indicate that this breed is not well adapted to an environment of high air
temperature and humidity. This aspect needs to be considered in the choice of breeds
of buffaloes for rearing under such conditions. Climatic stress was aggravated by
denial of wallowing and restriction of drinking water which underlines the need for
provision of facilities for wallowing or any other means of wetting. Another notable
finding of the present study is that in contrast to the accepted concept,buffaloes do lose
a significant amount of moisture through the skin. This capacity is relatively less in
young animals in whom pulmonary evaporation seems to be more impaortant.
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Abstract: A model of man-parasite-mosquito interaction in filariasis is formulated with a
system of differential and integrodifferential equations. The model predicts that when the
product of population densities of human beings and mosquitoes exceed a critical value, the
system becomes unstable and the number of infectives begins to increase exponentially with
time approaching an asymptotically stable equilibrium. When this product is less than the
critical value, the starting point is asymptotically stable and the number of infectives
decreases exponentially with time. 1t is suggested that because of the varying weather
conditions, the disease does not progress very far in the direction of either of these asymptotic
equilibria. Data on incidence of filariasis in the southern coastal belt of Sri Lanka is presented
to support the model. The implications of the model on eradication of filariasis is discussed.

1. Introduction

Filariasis is a world health problem. Vast regions of Asia, Latin America, Africa and
the Pacific have become a permanent habitat for the disease. Although mosquito
control programmes and chemotherapy is reducing its incidence in some areas, the
complete eradication seems to be difficult . +35!112

The life cycle of the filarial parasite is well known.>® The definitive host is
man. adult worms harboured in the lymphatic system  discharge raicrofilariae into the
blood stream. The intermediate host is a mosquito, in which the microfilariae taken
with a blood meal from the definitive host undergo further development and reach the
infective stage in 10 - 20 days. When the infective larvae are inoculated into a human
being, the sexually matured worms are developed after an incubation period of 6 - 12
months. Here the host-parasite interaction is considerably different from that in
malaria.¥  Again in filariasis the immunity to the parasite is low* and even with drug
treatment, the rate of removal of the infectives is small. In this investigation we take
these facts into account and construct & mathematical niodel of filariasis (mathematical
models of host-parasite systems arc discussed), *7® The data on incidence of this
diseasc in the southern coastal belt of Sri Lanka is used to test the model.

2. The Model

We assume that mosquitoes and human beings are distributed uniformly with
population densities A/ and # respectively. A human susceptible is regarded as infected
when his blood contains sufficient microfilariae to infect the mosquitoes. If ¥*and n*
are the population densities of infected human beings and infected mosquitoes, the
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rate at which the latter would interact with the human susceptibles is proportional to
(N - N*¥Jn¥ Since the onset of the disease occurs after a period 7from the beginning of
exposure to the infected mosquitoes, and the probability of acquiring the infection
depends on the integrated intensity of biting by infected mosquitoes during this
period. We assume that human infectives are produced at a rate proportional to

t

[ Nix) - N¥(x)Jn*(x) dx
| R -

As the infectives are also removed (due to development of immunity or drug
treatment) at a rate proportional to their number density, we write

f
dN*[de=b | [Nfx)- N*(x)[n*x) -rN* ()
L =T

Where 5 and r are constants. The rate at which the mosquito susceptibles interact with
human infectives is proportional to fn - n*] N¥, and since microfilariae undergo
metamorphosis within the mosquito, ready to be inoculated into the definitive host
rather quickly (~10 days, small compared tot), for the purpose of the model we ignore
this time lag and write the rate equation for development of infected mosquitoes as,

dn* [dt =afn — n*]N* — sn* (2)

Where ¢ and s are constants. It should be noted that in the approach we have adopted
here, a separate rate equation is not written for the development of parasites within the
hosts. In fact the integrodifferential equation (1) arises from this short circuiting. The
present approach where the man-parasite-mosquito interaction is included in two
steps is more amenable to mathematical analysis.

It is impossible to obtain exact analytical solutions of coupled integrodifferen-
tial and differential equations (1) and (2). However, a great deal can be learnt about the
form of the solution by studying the system near the critical points. As a first
approximation we assume that the total population densities A'and n of human beings
and mosquitoes remain constant.

Th.ere are two critical points corresponding to dN*/dt=dn */dt =0, anode or a
saddle point at theorigin A*=1*=¢- and a node N*=N¥.n*=n* approached ast- =,
given by the equation, o ;

t
BIN — N¥ nZ | dx =rN 3

=T
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an -nEINE =sn¥ (4)
whose solution is

NE= (Nn - rsfabt)in +ribt)-! ! (5)

nkt = (Nn — rslabt)(N +ajs)-1 6)

The above critical point is an asymptotically stable node (Appendix). Under present
day conditions, the hosts-parasite system will not develop very far in the forward
direction of such an asymptotic cquilibrium and the behaviour near the critical point
N* = n*=() more important. Around this point, when N*, n* arc small, neglecting the
second order terms we can write (1) and (2) in the form,

'

dN*/dt =bN | n¥{x)dx — rN* D
L= %

dn*jdt =anN* — sn* (8)

Eliminating A'* between (7) and (8) we obtain,

d2n*ld2 + (s + rjdn*/dt + (sr)n* = abnN ¥ x Jdx ()]

L - n
The linear equation (9) will have solutions of the form »* = {Constant)ekt if,
K2+ (s + rjk + sr= {abnN) (1 &*T)k1 (10)

The characteristic equation (10) has two and only two roots both real (Figure 1)

k< (').k;) = 0if nN > srjabr (1)

k=0k<0 ifnN < srjabt (12)

and the solutions of (7) and (8) can be written in the form,

3\-’*=(1|,-"w1)[A/}\—? + sjekit + Bik; + s}c’k;;f;’ (13)
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Where A and B are constants. When (11) is satisfied, the critical point ¥*=n*=01s a
saddle point and the system becomes unstable [11]. In the second case when both roots
are negative, this critical point is an asymptotically stable node [11] (see Appendix).
The consequences of these results are extremely important. When n/V the product of
the population densities of mosquitoes and human beings exceeds the critical value
¢ = srfabr filariasis begins to develop explosively. but when this quantity isless than ¢ the
disease decays, h0wevér, complete eradication is still difficult because of the
asymptotic stability at the origin. From a knowledge of the behaviour of the system at
the critical points it is possible to sketch the time development of A*and #7(Fig. 2).

The parameter 7 is of the order of 9 - 12 months and since we are interested in
progress of the disease over years, the equation (10) can be approximated to a
quadratic for kt < 1 giving,

ky= - feke)f2 ~ 1f2 \/ fs + rji— 4fsr — abnNT) (14)

k=~ (s +0)j2 + 12 \[ (s + )2~ s — abnV7) (15)
Again as g ~ fa , where {, (~20-30dars) is the mean life time of a mosquito, the
term ek;f in equation (13) decaying very [ast can be neglected. Also 77, the mean time
associated with the removal of infectives is larger than s~/ therefore,

kzﬁabn;’\"'r/s— ¥ (16)

Thus the solution near the critical point at the origin can be written in the form
NEa N* e(flbf'h‘\’r?/b' - rjt (1n

The above expression clearly shows, that the number of infectives exponentially
increase or decrease according to as Nu > ¢ or Nu» < ¢

3. Discussion

The level of filarial infection prevalent today is sufficiently low and the man-parasite-
mosquito ecosystem probably does not develop very far from the critical point at the
origin in the forward direction. In fact the data on incidence of filariasis in the
southern coastal belt of Sri Lanka strongly favours the above hypothesis. In this
region a continuous antifilarial campaign was active for the past 10 - 15 years. A
significant portion of the population is being kept screened for filariasis (night blood
test*) and the positive cases are given drug treatment. Under these conditions, the
constant r in equation (1) iakes a value larger than its natural value resulting purely
from immunological factors. Though not very successful mosquito control
programmes are also carried out, this is roughly equivalent to increasing the value of
the constant s.The plots of [nN* vs ¢ for several urban and suburban areas in this

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Mathematical Model of Filarigsis

16

0]

68

Figure 3 —
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A plot of the natural logarithms of the number densities of fila-
riasis cases detected per year from 1967 - 1980 in a suburban
tegion of area 36 km2 and average population 37.000, The decay
time of N* corresponding to the straight line portion in the
middle is 5.1 years.
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region contain straight line portions with negative and positive slopes (Fig. 3). The
lines with negative slopes corresponding to exponential decay of A™*continues for
longer intervals of time. Furthermore the numerical values of slopes are smaller for
those areas with high population densities and more stagnation (e.g.,larger value for
niN). There is evidence that the equation (17) is satisfied, the general trend is towards
an exponential decay of N*(Fig. 3). The sudden exponential increases are caused by
abrupt changes in weather e.g., heavy rainfall. The data clearly illustrates the role
played by the quantity 1V, that determines time development of the infection. Evenin
the exponential decreasing phase, a considerable level of infection occurs untila time,

T = {r — abnNt/s) -1 (18)

The value for 7 for the data presented in Fig. 3 is of the order 5 years. For a significant
control of the disease, it is essential to reduce T to a much lower value. The weather
changes that drastically increase 1 the population density of mosquitoes can be
expected to occur in a period of 5 years and again the system becomes unstable withan
exponential increase of the number of the infectives. It seems that the best way to
eradicate the disease is to increase r by intensifying the drug treatments and taking
permanent measures to keep n small by reducing stagnation.

If the quantity #Vis kept slightly above the critical value ¢, the infection could
sustain itself indefinitely even if weather conditions adverse to the mosquitoes, lowers
12V below the critical value for short durations of time. The asymptotic stability of the
origin ensures that complete eradication will not take place. Relatively large values of
r-!and tmakes ¢ small, i.e., a low threshold value of 1 is sufficient for the survival of
the host parasite system. Thus the pattern of the disease is different from that in
malaria complete eradication becomes possible only if /2/Vis kept below this threshold
for long intervals of time.

The model has other interesting features, that can be understood qualitatively.
Even if the mosquito population is a periodic function of time (e.g. due to wet and dry
seasons) there is a significant contribution to dA*/dt from the integral in the equation
(1), when 1 is large. The weather conditions sufficient to break the life cycle of the
malarial parasite is not effective in eradicating filariasis. The study of this model when
nand /V are time varying functions could also be very relevant to the practical problem
of eradicating the disease. However, in this case the equations (1} and (2) become
nonautonomous [12] and the analytical discussion is extremely difficult.
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Appendix

To study the nature of the critical point N*=V* n*=n% we put v* = NE+ Y n¥=p¥+y
in (1) and (2), where Y,y are the deviations of V¥, n* from the steady values. After
neglecting the second order terms in », ¥ we obtain,

t
avfdt=p |[pyfx)  n¥Y(x)jdx — r¥ (AD)
toem :
dvfdt = aqY - uy (A2)
Where p = N NE g=n n¥, u=aN¥ +s.

Elimination of ¥ between (A1) and (A2) yields,
. t
d y[dt +{utr jdy jdt+ury = abg(p-n*ufaq) P(xMx — bn*ly(t) - y(t —7)] (A3)

t-1

Equation (A3) will have solutions of the form ¥ = (constamt)eklr provided
K (utr)k + ur=(agbjk)(p — n¥ujaq)(l — X)) pnr(1 _ ¥t (Ad)

The above equation has two and only two roots, both real and negative (This can be
easily shown, exactly in the same way as for the equation (10), by sketching curves
similar to that in Fig.1) Thus the critical point (n:f, N¥) is an asymptotically stable
node.
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Abstract: The atmosphere of a more or less horizontal C - shaped limestone cavern at Isthripura, Sri
Lanka, showed a gradient of CO,concentration from nearly 3% at the closed end of the cavern to 0%
at the open end. The O, concentrations were evervwhere above 18%. The dyspnoea which is
experienced inside the cavern seems to be partly due to hypercapnia. The full ex planation for the
occurrence of marked dyspnoea at certain points in the cavern remains to be found.

1. Introduction

There are a number of crystalline limestone caves in Sri Lanka .2 Two of the larger caves
situated in the central region of the country are both called Isthripura. This term is said
to be derived from two Sanskrit/Sinhalese roots: sthri, woman; pura, town. The
present account is about the Isthripura cavern situated at 80054’ E, (longitude) and 70
10" N (latitude). The Mahaweli river flows in the valley about 2 km away from the
cavern. The cavern is expected to be inundated when the Rardenigala dam is built
across the river within the next few years. It is hardly visited except occasionally by
Buddhist religious groups who meditate in the grotto.

The cavern, situated on hilly ground, consists of three large caves and three
small caves, connected by passages (Figure 1). The system is shaped like a horizontal C
lying in an east-west direction. Three large caves form the erids and middle of the C.
The small caves lead off from the passages which connect the large caves. The first
large cave, at the east end of the system, is a grotto, open to the exterior, forming the
entrance to the cavern. All the other caves and passages are subterranean and black.
The mouth of the grotto is about 20 m wide while its floor is about 55 m wide. Its long
axis lies in a north-south direction. A vertical shaft, about 2.5 m deep, leads into the
rest of the cavern from a point near the north end of the grotto floor. The middle cave,
about 85 m long, is at the lowest level in the cavern system. It contained a pond of clear
water in August 1981 (which is a dry season); the sheet of water was about 30 m long
and its depth about 1.5 m. The shore of the pond contained a brownish-black soil, soft
to the touch, and teeming with bag worms, crickets and slender red millipedes, all of
which started moving about when the light of the lantern fell on them. The roof of the
cave contains chandelier-like stalactites. The passage between the first and second
large caves (site 4 in the figure) contains a 1 mtall dagoba-shaped stalagmite. The third
large cave is about 70 m long, and 12 m wide and 10 m high in the centre. It forms the
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Figure 1 — Carbon dioxide concentration in the atmosphere of the Isthripura cavern.

The sketch above indicates the genetal plan of the cavern, Tt is not drawn
to scale. The peints on the graph represent the CO7 concentrations at the
sites indicated directly above them in the sketch.

far western end of the cavern system. It is the home of a population of bats whose
odour first strikes one strongly as one enters the passage leading to the cave.

The cavern is hot and uncomfortable. Respiratory distress in the form of

dyspnoea, that is, a conscious awareness that one’s breathing is increased and
laboured, is experienced, especially at certain points in the natural system of caves and
tunnels. It seemed likely that the dyspnoea was due to hypercapnia or hypoxia or both.,
Deraniyagala® stated that thecavern“air is so deficientin oxygen, that the observer is
attacked by a faint sense of dizziness”, Gas analysis was not done on that occasion.

2. Method

The cavern was visited on 10.8.81 and sites were selected for later study. On 29.8.81 gas
was collected into football bladders at the pre-determined sites. This was done by a
man who went in alone with an electric torch, The biadders were brought out to
the entrance to the cavern and the pas within them was analysed on the spot with a
Lloyd-Haldane gas analyser. Each row of figures in the table of results represents a .
single analysis on gas from a single bladder.
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Subjective sensations were recorded for 3 persons who went into the cavern
immediately after the gas samples had been collected. After the three men had
returned from the cavern they were asked to make a list of the sensations they had
experienced. The composite list was found to be as follows: heat, sweating, breathing
difficulty, fear, oppression, fatigue, headache, slipperiness. Each person was then
asked to record subjectively the strength of each of these sensations. This was done on
a 5-point rating scale: 0, no sensation; 1, slight, mild; 2, moderate; 3, marked; 4, very
marked, severe. The results for the three persons were then averaged.

Results are shown in Table 1 and Figure 1.

Table 1.— Carbon dioxide and oxygen concentrations in the atmosphere of the Isthripura cavern
Site at which the Bats CcCo;, . Discomfort score

gas sample was (%) (%) (0 - 4 scale)

collected

(See Figure 1) Dyspnoea Heat

I. Entfince to the
cavern (a large

open cave) 0.0  20.89 0.0 0.0
2. First tunnel 0.64 19.59 0.0 2.5
3. Second cave 1.55 19.25 1.2 21
1.58 18.99
4. Second tunnel 2.31 18.28 37 2.1
223 18.19
5. Lake,eastern
end {near 4
above) 2.50 18.38 1.7 0.0
6. Lake, near
middle 2.87 18.08 L 0.0
7. Lake, western
end 1.7 0.0
8, Passage 2.67 1R.16 31 31
9. Cave via a
tortuous
passage 4.8 4.8

10. Large cave at
South-western
end of cavern Abundant 293 18.18 2.1 1.2

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

54 ' V. Basnayaeke

3. Discussion

There is no rule that is generally applicable to the gas composition of caverns. Quite
apart from sulphurous caves which are suffocating because of hydrogen sulphide
(such as in the Death Valley in the Yellowstone of the USA), the CO,concentration
varies enormously. The Grotto of the Fairies at St. Moritz, Switzerland, is said to
contain 2% CO, and the grotto of Biiddsbarlang, Transylvania, 95 CO,,.The term
‘foul air’ in caves usually denotes air containing much CO,°.

In the Isthripura cavern there was a more or less distinct gradient of carbon
dioxide concentrations, with highest levels, nearly 3%, at the western closed end of the
cave complex, and decreasing progressively eastwards to the entrance. The open cave
at the east end which forms the entrance to the cavern had no more CO,than ordinary
atmospheric air.

The reason for this gradient is not known. We may suppose that CO, is
generated within the cavern and diffuses outwards through the only main exit to the
air at the eastern end of the cavern. In other words, the cavern air, laden with CO,.is
diluted by atmospheric air the closer it gets to the opening to the atmosphere at the
cave entrance. Vertical diffusion gradients of CO, in vertical shafts is well recognized s
The Isthripura cave is more horizontal than vertical.

The mechanism by which CO, is generated is undetermined. It could be from
the action of acidic water percolating into the cavern, liberating CO,from the calcium
carbonate of the limestone rock. The western end of the cavern, rich in CO, was found
to have the wettest rock and soil. Presumably underground water seeps into the cavern
especially from the western end at the time of year at which the study was done
(August, a non-rainy month for the region). Another important source of CO, could
be the exhalation of bats. Bats were seen emerging from the entrance but none were
seen within the caves near the eastern end of the cavern complex. The western caves,
on the other hand, had a large population of bats. The bats were medium-sized
microchiropterans.”

The effect of the cavern atmosphere upon human breathing seemed to be due to
several factors, some but not all of which could be identified. The oppressively hotand
stuffy atmosphere was probably due to heat and high humidity, although we did not
measure these. The dyspnoea was partly due to CO,.CO, concentration, which is
0.03% in ordinary open air, must rise to about 1% in the inspired air at atmospheric
pressure before any measurable increase in the. breathing occurs, and this increase is
too small to be noticed by the person himself who breathes the air.* Dyspnoea, in the
sense of awareness that one’s breathing is increased, is known to set in with a Cco,
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concentration of about 29%. The atmosphere in most of the Isthripura cavern,
especially its western three-quarters, had CO, concentrations of the order of 2 - 3%.

The dyspnoea cannot, however, be fully explained on the basis of the CO,
concentration alone, The dyspnoea was most marked at two sites in the cavern, neither
of which gave the highest CO,readings. The oxygen concentrations were throughout
189 or more. These are too high to cause dyspnoea. The full explanation for the
oppressive dyspnoea therefore remains to be elucidated. A combination of heat and
humidity with excess CO,and lack of O, might be the causative agent.
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Abstract: Preliminary investigations to increase the availability of phosphorus in Eppawala
apatite were carried out. Samples of an ultisol (Reddish Brown Latasolic soil) and an alfisol
(Reddish Brown Earths) amended with animal manure or straw or sulphur at 26 were
incubated separately with finely ground apatite at 50% field capacity or under flooded
condition, Olsen’s P of the incubated soil samples determined at fortnightly periods indicate
that the release of phosphorus in apatite is increased by straw and animal manure under
unflooded conditions. Under flooded conditions only animal manure was effective. Straw did
not show any significant influence.

1. Introduction

Phosphate rock is one of the primary raw materials of the world’s chemical fertilizer
plants. Apatite is an important phosphate rock of igneous origin and deposits of this
material in various forms occur.ina number of countries.!” In Sri Lanka, large
deposits of apatite are known to occur in Eppawala in Anuradhapura District. The
plant available P in apatites is generally low ' and hence, processing of this material
to increase its P availability is usually carried out. As this process involves energy and
other raw materials the final product tends to be more expensive.

Various methods of increasing the P-availability in apatite materials such as
applying the fertilizer material a few weeks before planting the crop2, incorporation
of sulphur?® or animal manure!® along with apatite are shown to be effective. As
availability of P in apatite is usually greater in acidic soils,! studies were carried out to
examine the influence of mixing Eppawala apatite with acidifying materials on P
availability under upland and lowland conditions.

2. Materials and Methods
Soil samples ( < 2 mm in diameter) of two tropical soils viz. Reddish Brown Latasolic
(RBL) and Reddish Brown Larths (RBL), finely ground sulphur and lightly ground
particles ( < 2 mm) of straw and animal manure (cattle dung) were used in the study.
The phosphate rock material used was a finely ground sample of apatite deposits
found in Eppawala located in the North Central Province of Sri Lanka. The total and
Olsen’s P of the materials used are indicated in Table 1.

*Present address : Faculty of Agriculture, Ruhuna University, Matara, Sri Lanka,
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Experiment 1

Samples of Reddish Brown Latasolic (RBL) and Reddish Brown Earth (RBE) were
mixed separately with dried animal manure (cattle dung), dried straw or powdered
sulphur at 2%. The apatite material was also incorporated with these mixtures at the
same rate and incubated at room temperature and at 50% field capacity over a period
of 12 weeks. Controls (soils alone and soils mixed with cattle dung or straw or sulphur)
were similarly incubated. At fortnightly intervals, samples taken from the incubating
mixtures were analysed for Olsen’s phosphorous’ by blue colour method!® Each
treatment was triplicated.

Experiment 2

Soil mixtures except those with sulphur, prepared as in Experiment 1 were incubated
under flooded conditions (1” water maintained above the soil level) at room
temperature. Olsen’s P was determined as in Experiment 1,

3. Results and Discussion

Olsen’s P or NaHCO ; extractable P is considered a good indicator of the plant
available phosphorus in a soil.!I* During incubation of a soil, available P content tends
to increase due to mineralization of organic phosphorous by soil micro-organisms!s

Some of these organisms are capable of dissolving P containing minerals!® secreting
organic acids such as « — ketoglutonic®, lactic and acetic.'* Available P tends to
decrease due to chemical factors!? Thus, the available P content, indicated by Olsen’s
P,13 at any moment depends on the net effects of these processes. Dissolution of

phosphate rock depends to a great extent on the nature of the material itself*>? and
also on soil factors. 't

Experiment 1

Results of the first experiment (Tables 2 & 3) indicate that during incubation, Olsen’s
P in soil and apatite mixtures have increased gradually in the first 4-6 weeks and there-
after remains more or less constant in RBE or tends to decrease in RBL. As could be
expected, incorporation of apatite has increased Olsen’s P over the control althou gh
the differences are not significant. Available P in soils incubated with straw or cattle-
dung also show a tendency to increase similar to that in the previous treatments. There
is a significant increase in available P in soils incubated with cattle-dung in RBL soils
during the 4th - 8th week and RBE soils during 2nd - 6th week. This increase is likely to
be due to high P content in cattle-dung (Table 1) which may have got partly
solubilised during incubation. In soil-straw mixture, Olsen’s P has not significantly
increased during incubation. This could be due to low P content of straw (Table 1) and
microbial immobilization which is known to take place with an increase in the
microbial population? brought about by the incorporation of carbohydrate rich
material such as straw.'*
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Table 1— P contents of the materials used in the study (Average of 3).

Total P mg/100g Olsen’s P -ppm
Reddish Brown Latasolic soil 12.2 6.7
Reddish Brown Earth soil 8.4 12.4
Apatite 1280.0 0.6
Cattle-dung (dried) 176.1 0.8
Straw (dried) 12.4 —

Table 2.— Olsen’s P of RBL samples incubated at 50% field capacity in ppm (Average of 3).

Weeks

0 2 4 6 8 10 12
Soil 6.6 8.9 9.6 9.7 10.5 10.2 9.8
Soil + A 6.6 10.1 10.4 11.1 11.4 10.9 10.2
Soil + ST 6.7 7.1 8.1 10.5 11.6 11.6 11.0
Soil + CD 74°- 102 . 128 . 136 - 127 126 17
Soil + § 6.9 8.7 9.4 8.6 9.8 9.2 9.0
Soil + A + ST 6.6 10.3 11.1 13.1 13.5 11.4 12.1
Soil+ A + CD 7.6 11.7 14.6 15.2 13.7 13.9 12.4
Soill+ A+8S 6.8 8.8 10.2 9.8 9.6 10.1 10.2
LSD 5% 1.4 1.6 1.4 1.6 1.3 24 2.4
A — Apatite
ST — Straw
CD — Cattle-dung
S — Sulphur
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Table 3.~ Olsen’s P of RBE samples incubated at 50% field capacity in ppm (Average of 3).

Weeks

0 2 4 6 8 10 12
Soil 12.2 14.3 14.7 15.3 15.7 15.4 15.7
Soil + A 12.8 15.5 16.1 16.2 16.0 16.3 16.0
Soil + ST 12.4 13.1 13.8 157 16.7 15.9 15.1
Soil + CD 12.2 17.1 17.8 18.4 18.8 18.9 18.8
Soil + § 12.3 15.2 14.9 15.4 16.2 16.1 16.4
Soil + A + ST 12.9 18.2 19.0 19.3 19.5 19.3 19.6
Soil + A + CD 12.4 192 207 2140 208 21.6 206
Soil+ A +S§ 13.1 15.3 16.5 16.4 16.5 16.4 16.8
LSD 5% 1.8 1.6 2:5 23 2.5 29 2.1
A — Apatite
ST — Straw
CD — Cattle-dung
S — Sulphur

Effect of organic matter

In treatments where soil-organic matter mixtures are incubated with apatite, Olsen’s P
has significantly increased over the corresponding controls. This increase is observed
in the case of cattle-dung apatite mixture during the periods 4th - 6th and 2nd - 6th
week in RBL and RBE respectively. Mixing apatite with straw also has increased the
available P content significantly during the 2nd - 8th and 2nd - 12th week periods in
RBL and RBE respectively. These results show that decomposing straw and cattle-
dung have a solubilisation effect on apatite probably due to increased microbial
activity which is known to cause production of acids * However, this effect appears to
be more with straw than with cattle-dung and more in RBE than in RBL. Singh and
Datta!® also reported that mixing farmyard manure with phosphate rock increased P
utilization by paddy.

Effect of sulphur

In soils incubated with sulphur, available P has increased but not significantly. This is
so even when apatite is incorporated, indicating that incubating with sulphur has no
net influence over P availability, Singh and Datta'® also did not get consistent results
in a P utilization study in rice with sulphur but Bromfield? found that incorporation of
S increased P uptake in ground nut.
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Experiment 2

Under flooded conditions (Tables4 and 5) too, available P has increased during
incubation even more than at 509% field capacity. When a soil is kept flooded,
anaerobic conditions develop, red-ox potential drops and more soluble phosphorous
compounds form !¢ The increase in P availability underflooded conditions could be
attributed to the above factors.

Effect of organic matter

Incubating with added organic materials enhance these factors resulting in an increase
in available P due to solubilisation effect of the decomposing organic materials. With
straw, Olsen’s P has significantly increased in RBL after tHe 6th week and in RBE after
the 8th week. With cattle-dung in RBL and RBE, available P has significantly
increased after the 2nd week. In soil organic matter mixtures incorporated with
apatite, available P has increased significantly over the corresponding controls only in
the case of soil cattle-dung mixture. These observations indicate that during anaerobic
decomposition of cattle-dung, insoluble P compounds in soil and apatite tend to get
dissolved but when straw undergoes decomposition under flooded conditions, only
soil P compounds tend to get mobilized.

Table 4.— Olsen’s P of RBL samples incubated under flooded conditions in ppm {Average of 3)

Weeks
0 2 4 6 8 10 12

Sail 7.3 2.6 10.5 11.2 11.6 12.2 12.6
Soil + A 7.4 112 14.0 14.2 15.1 15.9 16.0
Soil + ST 7.5 9.5 12.2 15.9 15.2 16.7 17.5
Soil + CD 8.1 13.5 14.5 14.5 16.6 16.3 15.7
Soil + A + 8T 7.4 10.2 12.3 144 14.5 15.2 16.1
Seoil + A + CD 8.5 15.4 16.5 18.1 19.7 18.7  20.0
LSD 5% 1.6 1.7 1.8 2.1 1.6 2.1 20
A — Apatite

ST — Straw

CD — Cattle-dung

These results indicate that incorporation of organic materials such as cattle-
dung and straw tend to increase availability of phosphorous in Eppawala apatite
under unflooded conditions. As this increase takes place only for a limited period,
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applications of organic materials may have to be timed in order to obtain the
maximum benefit of enhanced P availability. Under flooded condition, only cattle-
dung appears to be effective in increasing P availability in Eppawala apatite.

Table 5.— Olsen’s P of RBE samples incubated under flooded conditions in ppm (Average of 3).

Weeks
0 2 4 6 8 10 12

Soil 12.4 15.4 16.2 17.4 17.6 16.9 17.1
Soil + A 12.8 16.4 17.4 18.2 18.9 18.4 18.5
Soil + ST 13.2 14.8 16.4 188 214 208 214
Seil + CD 13.1 17.5 19.5 19.8 20.1 204 203
Soil + A + ST 12.9 14.5 16.3 182  20.8 204  20.6
Soil+ A+ CD 126 204 218 219 22.8 238 242
LSD 5% 1.8 2.0 2.2 2.0 24 2.6 26
A — Apatite

ST — Straw

CD — Cattle-dung
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Biotype Distribution of Vascular Wilt Pathogen
Pseudomonas solanacearum in Sri Lanka
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Peradeniya, Peradeniya, Sri Lanka.

(Date of receipt: 04 October 1982)
(Date of acceptance: 04 May 1983)

Abstract: Pathotypes of Pseudomonas solanacearum, Smith were collected from various
agroecological regions of Sri Lanka. Only two biotypes sensu Hayward, namely biotype 2
and 3 were found.

Biotype 2 was isolated from potato plants grown in the central highland and it was
found to be delimited to isotherm 16*C. Biotype 3 which was pathogenic to all solanaceous
crops, was isolated from almost all the sampling sites throughout the-island. The wet and dry
zone climatic regions did not, apparently have any effect on the distribution of biotypes.

Many samples of £. solengcearum in the hill country dry zone were found to.carry
P. narginglis, which had a synergistic effect on the production of wilt disease. . margi-
nalis showed similar biochemical reactions as biotype 4 of P. solanacearum.

1. Introduction

The bacterial wilt caused by Pseudomonas solanacearum E. F. Smith is one of the
major diseases of solanaceous crops. The disease occurs mostly in warm climates. Itis
known to infect various other hosts such as Banana“Pcanuts“’,Castcr‘z,Wingcd bean’
and has an erratic distribution in soil.® Also variation within the species based on
morphological, physiological properties has been well documented?+™!31%

Hayward?® grouped P. solanacearum into four biotypes. This classification was
based on their ability in oxydizing disaccharides-lactose, maltose, cellobiose and
hexose alcohols - mannitol, sorbitol and dulcitol. Seneviratne!® reported an occurrence
of biotypes 2, 3, and 4 in the hill country of Sri Lanka. Further studies were done to
establish the distribution of biotypes throughout major agricultural areas of the
island. An attempt was made to relate it to environmental factors.

2. Materials and Methods

2.1 Field survey

Solanaceous crops infected with Pseudomonas solanacearum Smith were collected
from various agroecological regions of Sri Lanka. Whole plant samples were brought
to the laboratory and vascular tissues were used for the isolation of pathogen from
infected tomato, potato, capsicum and brinjal plants. Potato tubers were also used for
the isolation of bacterium.
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Selection of sampling locations were based on the previous cropping history,
soil type, altitude, rainfall and temperature of the region.

The popular climatic division of the island is classified into two major divisions
“wet” and “dry” zone. This expresses the regional hygro-climatic differentiation based
on climatic reality which also reflects a land use and crop cultivation pattern.
Although the wet und dry zones (Figurel) are not internationally valid terms defined by
climatic indices, they are realistic to climatic situation in the island. Of course viewed
from the other dry regions of the earth the “Driest” in the dry zone - Mahalewaya -
saltern in Hambantota still records an average rainfall of 929 mm per year.

In the present study agro-ecological regions classified according to 75%
expectancy values of annual rainfall and elevation (Land and Water in 1979) was used
for the selection of sampling locations. This apparently coincides with the wet and dry
zone classification proposed by Wickramatilaka (1963) on effective dry period basis
(Figure 1).

The land area under wet and dry zones are 1.6 million and 4.9 million ha
respectively. The average annual rainfall in wet zone is about 32 million acre feet
(1 Ac.ft. =760 mm/ha )and 57 million acre feet in the entire island, that is rainfall in the
wet zone is 729% higher over dry zone.?

2.2 Dry Zone

In the dry zone, wet and dry periods alternate once a year. The rainy period is only 3 - 4
months (Oct./Nov, to January) but the rains are disproportionately high. The dry
period, maximum of 8 months (Feb. to Sept./Oct.) is extremely dry. The 75%
expectancy value of annual rainfall is around 508 - 762 mm.

Soils in the dry zone are mainly reddish brown earths. But red yellow latosols
and regosols, low humic gley soils and soledized solonitz are also found in some
regions (DL,).

The annual average temperature however does not relate to dry and wet
conditions. The average annual records reveals homogenous temperature in the
lowlands and the rapidly decreasing temperature in the highlands. In the lowland dry
zone up to 150 m the temperature varies from 26.5%o 28°C, the spatial variations of
temperature in the region are slight.

These climatic conditions have produced a suitable niche to many crops and a
wide variety of vegetation in the dry zone. Many grain crops, pulses, vegetables of
various families, tubers and industrial crops are the major economic crops grown in
the area. Among the common annual crops, rice is by far the most important crop
during Maha. Although the soils are flooded for 3 - 4 months during paddy crops,
solanaceous vegetables mainly capsicum, tomato and brinjal are grown under
irrigation in these fields during the Yala season. However, in Jaffna potato crop is
given high priority.
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Fig. 1, The distribution of Pseudomonas solanacearum
biotypes in Sri Lanka,

A — Biotype 3 (1979 -1982)
A — Biotype 2 (1979-1982)
O — Biotype 2 (Sencviratne 1969)
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Samples of naturally infected plants of potato (Solanum tuberosum L) and
tubers from Jaffna - Thirunelvely, 1981 and Trincomalee - Kuchchavely and Uppuvely
1980, brinjal plants (Solanum melongenae L) from Jaffna - Kondavil, - 1979,
Trincomalee - Pankulam, 1980, Mannar - 1979, Vanathavillu - 1981, Puttalam - 1981,
Monaratenne, Divlana - 1981, Bingiriya - 1981, capsicum (Capsicum annum var.
grossum(L)) from Kandalama - 1980, Madatugama 1980, Mahailluppallama 1980,
Kalawewa - 1982 were collected. Five isolations were made from at least 4 specimens
from each farm.

2.3 Wet Zone

The Wet zone - Dry zone boundary that runs from Negombo via Kurunegala, and then
to Matale, along the top ridge of Knuckles through the Corbet’s gap to Pidurutalagala
massif to go south of Nuwara Eliya across the high plains. Then it goes round
Balangoda in an arc along the Sabaragamuwa hill country to reach Matara. The
South West quarter of the island thus forms the Wet zone. However, the boundary is
not rigid and merge with dry zone through the intermediate zone.

The 75% expectancy values of annual rainfall range from 889-3175 mm. Soils
are mainly red yellow podzolic type. Variation on the horizons are found.

Table 1 — Annual average (1931-1960) temperature at various observation stations, closer to the sampling
locations selected.

Observation stations closer to sampling site

DRY ZONE WET ZONE
Station Elevation Mean C Station Elevation Mean C
m m

Puttalam 2 21.2 Colombo 7 26.9
Batticaloa ) 27.4 Galle 13 26.5
Mannar 4 27.8 Kandy 477 244
Jaffna 4 27.6 Talawakele 1375 18.6
Anuradhapura 93 27.2 Nuwara Eliva 1882 15.4
Kurunegala 116 27.0

Hakgala 171 17.3

From a climatic standpoint, the wet zone is thus characterized by greater
cultivation advantages in terms of more intensive diversified land use. In the
Pidurutalagala massif, the central highlands of Sri Lanka rise to a maximum altitude
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of 2,524 m, which produces a considerable vertical thermal contrast between
highlands and lowlands. Temperature variations are very prominent, it falls quickly as
the altitude increases (Table 1).

Because of the thermal requirements, the optimum condition for wetland rice
occurs in the hill country only up to about 1,200 m (4,500 ft). However, other crops
such as potato, tomato, brinjal and capsicum are grown. New areas have been cleared
for potato cultivation in the hill country,

Samples were collected from potato fields either grown in traditional potato
fields, newly opened areas or paddy fields. Potato tubers and plants were collected
from Hawaeliya — 1981. Nuwara Eliya — 1981, Sita Eliya — 1981, Rahangala — 1981
and Yalapatwela — 1981. Infected tomato plants were obtained from Kandy, University
farm — 1980. Diseased tomato plants were also collected from Rahangala — 1981, and
Bandarawela — 1981. Bacterium was also isolated from the tomato samples collected
from Mirahawatte and Welimada — 1981.

~ Several samples from each location were used for the isolation of the pathogen.
The tomato samples collected from low country wet zone Weboda (1979), Mawanella
1979 , and Mapalana 1980 were also used for this study. '

2.4, Isolation of the Pathogen

Isolations were made from potato (Solanum tuberosum L.), tomato (Lycopersicon
esculentum Mill), Egg plant (Solanum melongenae L) and capsicum (Capsicum
annum var. grossum ) plants showing typical symptoms of bacterial wilt in the field.
Bacterium was isolated from the vascular tissues of infected stem and was used to
streak plants. Potato tubers from infected plants were also used for the isolation of the
pathogen. Bacterial ooze from clean freshly cut surface of tubers were taken in sterile
water as inoculum,

Axenic cultures were prepared by streaking agar plates with the bacterial
samples. The medium used for culturing and routine maintenance was as follows:
(calcium carbonate agar) peptone 5.0 g; yeast extract 0.5 g; glucose 5.0 g; K:HPO.0.2
g: MgSQ0,.7H:0,0.2g; CaCO;,1.0 g; agar 18.0 g; distilled water 1 L. Nutrient medium
was sterilized at 15 psi for 20 min.

Inoculated plates were maintained at 21 + 0.]1°C in precision low temperature
incubators.

2.5 [Pathogenicity tests

Pathogenicity of bacterial isolations were confirmed by reinoculating tomato plants.
Five weeks old tomato ¢v. Marglobe plants raised in sterile soil in plastic pots (15.5cm
diameter) were stem inoculated with bacterial suspension containing 10¢ cells/ml.
Bacterial suspension was prepared with 48 h cultures grown in calcium carbonate
agar, Three10# 1drops of the suspension was placed on the axil of the third leaf from
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the top, and the stem was then pricked with a syringe needle (gauge 25) through the
inoculum drop.

Inoculated plants were placed in the green house {'_240C night, 2% 330 day).
Plants were observed for the wilt and yellowing after 3 days from inoculation.

2.6 - Biotype separation

All isolations were subjected to biochemical tests for their ability to oxidize
disaccharides and hexose alcohol proposed by Hayward? Bacterial cultures were
inoculated to culture tubes (I x 12.5 cm) containing the following medium.

Basal medium per litre: NH,H, PO, 1.0 g; KCL 0.2 g; MgS0O,.7H,0 0.2 g; yeast
extract 1.0 g and Bromothymol blue 0.3 ml of 1% W/V solution in 509 ethanol.
Medium was adjusted to pH 7.1 with IN NaOH before adding 1.5 g agar.

To 9 parts of sterile, cooled basal medium added 1 part of membrane filter
sterilized 10% (w/v) of each carbon source.® Medium was then dispensed aseptically
in a horizontal Laminar Floor Cabinet (Environmental Control INC.) to sterile
plugged tubes to a depth of about 4 mm,

Inoculated slopes were incubated at 27°C for 14 days. Slopes were observed for
acid production on the 3rd. 7th and 14th day before discarding.

3. Results and Discussion

Tt was found that in the Yala season (N. E. monsoon, December - February) Solanum
melongenae L., (egg plant) was the dominant solanaceous crop grown in the Dry Zone
farms visited. Pseudomonas solanacearum isolated from diseased plant from almost
all the sites except Kuchchavely in Trincomalee were pathogenic strains. The wilting
of potato samples collected at Kuchchavely was due to Fusarium oxysporum and
other Fuserium spp.

In the biochemical tests, the development of a yellow colour in the medium
indicated production of acid from the oxidation of carbon sources. In most cases
where there is positive acid production slight yellow colour appeared around
inoculum by the 3rd day and it was yellow throughout the medium after 1 week of
growth at 27°C.

The distribution of biotypes in various agroecological regions is summarized in
Figure 1. Heyward grouped P. solanacearum into 4 biotypes. Biotypes 3 and 2 werc

recorded in both dry and wet zone of Sri Lanka, However, biotype 2 was restricted to
hill country.

Potato samples mainly tubers collected at Uva basin 1200 - 1400° M, rice fields
(Rahangala - 80%, Boralanda - 309, Yalapatwala - 859 and Mirahawatte - 30%) and
samples from Sita Eliya - 20% and Hawaeliya - 159, showed positive response to
biotype 4 in biochemical tests.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Biotype Distribution of Vascular Wilt Pathogen 71

Although this confirms to the results previously reported by Sencviratne!®
from the samples collected at Gorandiyatenna, it was decided to subject the bacterium
for further biochemical and taxonomical study. ;

The biochemical tests used were Oxidase test with a platinum loop$, Arginine
dihydrolase test!* Nitrate reduction and Carbon source utilization in Ayers er al.

mineral salts medium in addition to Acid production.tesis.” Results are summarized in
table 2.

Table 2~Differentiation of fseudomionas solginacearumisolates from Uva basin, Sita Eliva and
Hawaeliya.

Test Psewdomongs solanacearum isolates
Biotype Biotype Standard R B Y HE
2 3 Biotype 4
Arginine ND ND ND i + vt
hydrolase
Oxidase test ot + + vt o+ + +
Nitrate reduction - - -t NS + N

Carbon source
for growth

Cellobiose - - o & = = s
Trehalose - + + ) 5 + + +
Mannitol - + + ] + ¥ e +
Sorbitol s + + + + + +

Acid production

tests
Lactose A T vt vt
Maltose A - v Y i
" Mannitol 5 A A A A A
Sucrose A A A vt vt Vv
Sorbitol - A A A A A
ND—Not detected + Definite positive response
V —Variable V*Slight positive response
R —Rahangala - No response or no acid production
B —Boralanda A Acid producing.

Y —Yalapatwela
HE— Hawaeliva
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Although the carbon source utilization and acid production tests indicated a
presence of biotype 4, it is evident from table 2 that the results are not conclusive
enough. Therefore all isolates were then grown at 27°C in King’s mediumm B agar
(oxidase positive), composed of proteose peptone (Difco) 20.0 g; K, HPO,.3H,02.5g;
MgSO,.7H,0 6.0 g; agar 15.0g; glycerol 15.0 mlin 1 L of distilled water and examined
with a long wave(375 nm; ultra violet lamp Gelman, universal UV unit for fluorescence.
Green fluorescence was detected.

Fluorescent and the non-fluorescent were later separated out carefully for
pathogenicity tests. Non-fluciescent bacteria was then identified as pathogenic
Pseudomonas solanacearum biotype 3 whereas fluorescent bacteria was identified as
Pseudomonas marginalis. When artificially inoculated tubers showed soft rot, and
slight wilting of plant with browning of leaf margins. However when both strains were
inoculated to potato plants wilting was severe and prominent, with conspicuous
vascular wilt symptoms.

It is evident from these results that in the hill country wet and intermediate zone
(IV, & 1V,) Psesidomonas marginalis prevails in association with Pseudomonas
solanacearum. Probably it has a synergistic effect in wilt production.

Although Seneviratne (1964) reported the presence of biotype 4 in the hill
country, I have found only 2 biotypes namely 2 and 3 among the samples collected. The
distribution of biotype 2 was restricted to potato and within the 16°C isotherm
(Figure 2). Absence of biotype 2 in potato crops in the low land dry zone holds evi-
dence for the effect of temperature on the survival, Figure 3 represents the thermal
diurnal climate of two representative stations Colombo - Low country and Nuwara Eliva
for hill country. Thermo jsopleth diagrams of Colombo and Nuwara Eliya show the
corresponding course of, the isopleths. However, the order of temperature magnitudes
are different. The maximum and minimum temperatures are shown during the period
from December to May, Lowest temperatures are carly in the mornings and highest at
12 - 14 hrs, However, onset of rains has minor effect on the diurnal course, The tempe-
rature remains constant from 12 - 17 hus in the hill country Nuwara Eliya region it is
about 18 - 23 °C and in Colombo 29 - 31.3°C in December - January. However in Nuwara
Eliya range is 11 - 17°C during the rest of the year whereas it remains high around 22 -
29.2°¢.

During the main potato cropping season in the hill country
October{November to February and February/March to July has relatively low
temperature periods compared to 11 - 23°C dffring February/March period. It is possi-
ble that 11 - 17°C is favourable for epiphytic development of the bacteria in the field.
Although the temperature could go up to about 23°C during February/March it is only
for a period of 2 hours (12.00 to 14.00 hours). Therefore it is possible that the
population of biotype 2 restricted to potato crop could survive in the areas without
much losses during land preparation and planting in February - March.
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Seneviratne!® suggested a correlation between cropping history, soil type and
biotype occurrence., The samples collected from the farms in new clearings of the
Kalawewa and Madatugama (Capsicum) showed biotype 3 only. Only biotype 3 was
isolated from intermediate zone 1V,, 1M, and 1L, agroecological regions. Even in the
new clearings and in potato crops in paddy fields at Yalapatwela only biotype 3 was
detected.

The characteristic feature of the distribution of biotype 2 is that it is restricted
to a small area in the hill country delimited by 16°C isotherm. This indicated its
temperature dependency rather than rainfall or soil types.

In view of the fact that both biotypes 2 and 3 were found in new clearings and its
occurrence in the hill country where the distribution through irrigation water is
unlikely it is suggested that these biotypes are indigenous to Sri Lanka. The broad
spectrum host range of biotype 3 and its ability to survive even at higher temperatures
such as 31°C has made the occurrence of biotype 3 islandwide.
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Abstract: Microcline rich granites and gneisses occur abundantly in the Precambrian Vijayan
Complex of Sri Lanka. These bodies forming the cores of plunging domes and folded
structures show abrupt and gradational contacts with the country rocks, Textural studies of
granites and gneisses reveal magmatic and metasomatic origins for these bodies.

1. Introduction

The Precambrian of Sri Lanka consists of metamorphic and igneous rocks belonging
to three divisions:— Highland Group, Southwest Group and Vijayan Complex?
Highland Group consists of metasedimentary and metavolcanic rocks such as
quartzites, marble, granulites, gneisses and charnockites. Southwest Group is formed
of calciphyres, quartzites, cordierite gneisses and charnockites. Vijayan Complex
terrain is underlain by granites, granitic gneisses, hornblende biotite gneisses,
migmatites, calc gneisses, quartzites and deoleritic bodies. The structure of the
Highland Group of rocks is characterized by overturned parallel, upright and double
plunging folds. These rocks as well as those of the Southwest Group show a consistent
linear structural trend. The structure of the Vijayan terrain is very complex and is
dominated by plunging domes, synforms and antiforms (Figure 1}.

So far, not much petrological work has been carried out on the Vijayan rocks
and the available papers deal mostly with the interrelationship between the Vijayan
Complex and the Highland Group. Vijayan Complex terrain has long been regarded
as the basement on which Highland Group sediments had been deposited. 375
Cooray® considered the Vijayan as amphibolite facies rocks formed due to
migmatisation and granitization of pre-existing granulite facies Highland Group. Age
data®seems to confirm a period of cooling and uplift concurrent with migmatization
and granitization, about 1150 Ma ago, when perhaps some of the charnockites of the
Highland Group were also formed.

The western boundary between Highland Group and Vija_\'ah'(fomplex is
represented by a passage of metasediments into dominantly gneissic, granitic and
migmatitic terrain. However in the east, the contact is demarcated by shearing at
points along the course of Mahaweli river!4 and this structural feature extends'into the
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northeast towards a deep submarine canyon.? The contact zone is characterized by a
train of hot water springs and a series of basic intrusions.!? The same authors
recognized a Precambrain plate boundary at the contact zone where sediments and
volcanic deposits had been metamorphosed consequent to collision of eastern and
western Vijayan “plates”™.

In this paper the writers discuss the petrology and textural characteristics of
granites and granitic gneisses with a view to understand the complex geological history
of these rocks. For this purpose, anarea of about 1000 km? from the Vijayan Complex
was selected in Eastern Sri Lanka (Figure 1b).

2. Methods of Study

The aerial photographs of the area on the scale of 1: 20,000 were studied for structural
observations. Laboratory studies were supplemented by field mapping of the area on
the scale of 1: 63,360. The laboratory and field observations were computed to
produce a geological map of a smaller scale (Figure 2) so as to obtain a better structural
and geological picture of the area. About 40 thin sections from granites and gneisses of
the area were studied for their petrology and texture,

2.1 General Geology of the Study Area

The study area forms a vast peneplained surface interrupted by isolated inselberg type
ridges rising to about 150 mabove MSL and sluggish streams, prominent among them
in the area being Maduru Oya. The area is characterized by north plunging dome and
antiform/synform structures. The cores of domes and folds are formed of microcline
granites and gneisses which pass laterally into either migmatites or augen gneisses.
These lithologies underlie mostly the rounded hills, isolated massifs and elongated
ridges whereas hornblende biotite gneiss - the dominant rock type of the area - form
most of the peneplained surface. Thin bands of calc gneiss, amphibolite, quartzite are
found interbanded with hornblende biotite gneiss which is often associated with sill-
like thick pegmatitic bodies.

The contact of microcline granites and gneisses with the surrounding
migmatites and augen gneisses can either be abrupt or gradational. At abrupt
contacts, the granitic body shows a shattered appearance with as many as five joint
systems and mylonitic breccia is also associated. Pockets of hornblende are also noted
at the contact area and silicified potash feldspar occurs within the cracks and joints of
both the intrusion and the country rock. At gradational contacts which are more
common, schlieren structures of basic to intermediate compositions are seen to grade
into migmatites and gneisses.
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2.2 Textures of Granites and Gneisses (See Figures 3 & 4)

The granites and gneisses of the study area consist mainly of microcline, plagioclase
and quartz in that order of abundance with subsidiary biotite, hornblende, magnetite
and apatite. The granites are generally coarse grained and when the gneissic character
is well defined the rock tends to be medium grained with biotite and hornblende
aligned parallel to local foliation. Pegmatitic aggregates are found along and across
foliation. Most of the granites and gneisses fall under the granite or quartz syenite
fields of the classification of Streckeisen (1967).

Microcline with sizes ranging from 0.5 to 3 mm occurs dominantly in the
granites and gneisses as independent grains and perthitic intergrowths or it is observed
in association with plagioclase, Cross hatched twinning is present prominently in
microcline which occurs as anhedral grains locally clustered in patches and interstitial
to large plagioclase grains. When in contact with plagioclase, microcline is found to
protrude into the former as tongues and lobes. Plagioclase replaced by a cross hatched
microcline phase is common in the rocks studied and diffused margins characterize the
microcline plagioclase contact. Sometimes, ghost plagioclase twins are observed in
microcline. The early plagioclase grains surrounded by microcline show deformed
twins and sericitization products riddled inside them. Microcline at points occur as
tiny blebs in plagioclase giving a pseudo-antiperthitic texture. At the interfaces of
larger microcline grains, intergranular albite is observed as the double row variety or
the wart shaped type. At microcline plagioclase boundaries, swapped rims of albite are
observed. A whole range of perthitization products from the incipient type to the
dominantly exsolved phase is characteristic of the granites and gneisses. Thus string,
flame and rod type perthites are commonly observed. The perthitic growths are
intense at the cores of domes and at points of shear such as the contacts of augen gneiss
bodies. Granulated quartz is closely associated with such growths. Bleb-like perthites
bear a resemblance to the swapped albitic rims in appearance whereas the braid type
shows relict material similar to that in sericitized plagioclase grains.

Plagioclase grains range in size from 0.5 to 5mm and are anhedral for the most
part due to embayment by microcline and quartz. Idiomorphic quartz grains are
occasionally observed in plagioclase grains. Three distinct types of plagioclases are
noted. The early formed plagioclases are identified by their corroded character. They
are often engulfed or cross cut by younger plagioclases whose compositions tend to be
those of albite or oligoclase. The third type occurs as rims or integranular albite at
plagioclase-microcline and microcline-microcline interfaces as referred to earlier.
Plagioclase of earlier origin are found as inclusions in later formed grains. The early
type possesses coarse albite twin lamellae and are sericitized with accessory muscovite,
calcite and epidote. The most common twins in plagioclases are thase of albite type.
The twins are either coarse and rare or multiple with extremely fine lamellae. Both
carlsbad and albite twinning are encountered together with occasional pericline
twinning. Some albite twin lamellae characteristically extend all the way across the
grains but terminate abruptly at fractures. Plagioclase forms borders and relict
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Figure 3 :
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A —diffusive boundary between plagioclase and microcline (Sample No. MO/ 75)

B — development of perthites, relict plagioclase (in the centre) and sericitization (stippled)
{Sample No. MO/6).

C — two generations of plagioclase (Sample No. MO/96)
D —formation of intergranular albite (double row type - close ruled) (Sample No. MO/ 79)

E — Combined carlsbad - albite twinning (Sample No. MO/ 10).
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Figure 4 : Development of different types of myrmekites.

A —(a) Type 1
{b) Type II

B —(c) Type 11
(d) Type III

C —(e) Type 1V
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patches at the edges of microcline and at points narrow veinlets of pseudoperthite also
are noted. Differently twinned enclaves of plagioclases are observed within later
formed grains.

Quartz occurs as large (0.5 to 3.5 mm) grains with smooth undulating borders.
Biotite, hornblende and feldspar are found engulfed as patches in quartz grains.
Quartz grains co-existing with perthitic microcline display faintly shattered margins.
Two types of quartz are noted: one with hexagonal outlines and smooth boundaries
occurring as inclusions in plagioclase; the other type is more abundant with irregular
morphology and characteristic undulose extinction and such quartz grains embay the
adjacent grains.

Three distinct types of myrmekites are noted in the rocks studied. In the type I,
worm-like quartz rods have smooth margins at which twinning terminates abruptly.
The type 11 occurs concurrently with secondary twin lamellae which are continuous
without any separation being caused by myrmekitic quartz with sutured boundaries.
The type ITI myrmekites show clear or diffusive boundaries and are usually distributed
along the later formed cracks within plagioclase grains. The secondary twin lamellae
are also observed to terminate in myrmekite development. A fourth indistinct type of
myrmekite occurs as part of a reaction growth zone of plagioclase grains enclosed by
microcline. Biotite is often associated with myrmekites,

In the rock types studied, biotite occurs as thin elongated grains and are often
replaced by chlorite. Hornblende is often corroded and replacement products of
biotite and chlorite are noted. Sillimanite has rarely been observed in the gneisses.

3. Discussion

The textures and mineral parageneses reported in this paper provide some
information as to the intrusive and metasomatic relationships which had
characterized the Precambrian Vijavan Complex rocks of Sri Lanka. The early
history of the rocks of the study area is scantily known., Crawford and, Olivert
considered Vijayan transformation to have taken place about 1150 Ma within a pre-
existing lithology of granulite facies. The field studies in the area do indicate a
metasedimentary sequence characterized by occurrences of hornblende biotite gneiss
with rare sillimanite calc gneiss and thin quartzite bands implying perhaps an earlicr
Archean deep water marine facies.

Dome structures with cores formed of granites rich in mesoperthite suggest
intrusive igneous activity at temperatures of well over 600°C.".11.13 The occurrence of
broad twin lamellae of albite, carlsbad twinning and idiomorphic quartz inclusions in
plagioclase seem to reflect the magmatic phase of domal granites.!® The petrological
observations and age determinations,™® lend support to the existence of a relatively
long period of cooling subsequent to the igneous phase. Such conditions were per-
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haps conducive to the non perthitic microcline development and replacement of pla-
gioclase by microcline resulting in decalcification and sericitization.® Towards
the later stages of cooling, the formation of myrmekites of type I and late albite rims
could be envisaged. The cooling processes were probably interrupted by a
deformational phase resulting in the growth of deformed twin lamellae. Consequently
the cooling magmatic body had fractured initiating emanations of K-rich fluids, which
had seeped through cracks and joints of both the intrusion and the country rock. The
ensuing K-feldspathization would form microcline devoid of relict plagioclase along
cracks within plagioclase grains and also perhaps initiated the replacement of
plagioclase by microcline and the formation of types Il and [11 myrmekites. The potash
metasomatism could well have resulted in the granitization of rocks which are now
observed to be perthite free or poor. Most of the granites forming folded structures are
believed to be so originated. Field observations of schlieren structures also attest to the
metasomatic character of such granites.

4. Conclusions

The textural studies of some granites and gneisses of the Vijayan Complex lead the
authors to propose the following sequence of events.

(a) Intrusion of magmatic bodies probably about 1150 Ma into a
metasedimentary suite,

(b) Relatively long period of cooling characterized by plagioclase
replacement, albite formation and myrmekite development.

(c) A period of deformation with the development of fine twin lamellae of
plagioclase followed by fracturing of the cooling magmatic body and
emanations of K-rich fluids.

(d) Potash metasomatism at PT conditions characteristic of amphibolite
facies with the formations of some granites. (probably a phase of
retrograde metamorphism as indicated by the alterations: (a) hornblende
~>biotite and chlorite and (b) biotite = chlorite and muscovite.)
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Abstract: Rice hull is a by-product in paddy milling and is largely a waste material. It has
been found that rice hull can be used as a raw material in a number of industries. On
developing the utilizations of rice hull, it is very essential to study physical and chemical
properties of rice hull. In the present study physical properties and chemical properties
of six different varieties of rice hull have been investigated.

External appearance, dimensions and weight per grain are very important to identify
the different varieties of paddy grains. Calorific value of rice hull is 4127 cal{gand hence it can
be used as a fuel. Specific gravity and bulk density of rice hull are 1.32 and 165.3 mg/ml
respectively. Silica is the major inorganic constituent of rice hull and is 9.94% by weight.
Moisture, organic matter, K20, Nay0, CaO MgO, ALy, Fey0;, MnO, P05, 80;and Cl of the
different varieties of rice hull are 9.4%, 87.8%, 0.69%, 0.027%. 0.081%, 0.09%. 0.1R3%,
0.0149, 0.034%, 0.245, 0.0825 and 0.007% respectively. A variation of these constituents
among the different varieties of rice hull was observed, which is attributed to the factors
such as soil condition, type of fertilizers used and climatic conditions etc. The presence of
amorphous silica in rice hull was detected by scanning electron micrograph and differential
thermal analysis. Therefore rice hull can be used for making pozzolanic type of cements. The
amorphous silica in rice hull converts into a crystalline form at higher temperatures. This
indicates that to get active rice hull, rice hull should be burnt under 700°C.

1. Introduction

Rice hull, the outer covering of the rice grain is a by-product in paddy milling and
forms 20 per cent by weight of the paddy milled. It is now largely a waste product. Only
about 20 per cent of the available rice hulls are used as a fuel in some of the larger
paddy mills.

Rice hulls are composed of 70 per cent organic matter, 20 per cent ash and 10
per cent moisture. At present research is in progress to make use of the ash obtained by
burning rice hull under controlled conditions as a starting material for making
cementitious binders by mixing with lime or portland cement. Rice hull ash consists
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essentially of silica and this should be in an amorphous form if cementitious properties
are to be developed by the binder. For the development of these products details of the
chemical and physical properties of the hull are essential.

[n 1928 Joachim! has analysed some of the varieties of rice hulls available in Sri
Lanka. Subsequent to this no systematic work has been carried out to determine the
physical and chemical properties of different varieties of rice hulls available in Sri
Lanka. The present investigation was undertaken in order to make a systematic study
of the physical and chemical properties of six different varieties of rice hulls available
in Sri Lanka, namely BG 11-11, BG 94-1, BG 34-8, BG 90-2, BG 400-1 and BG 3-5.

2. Experimental

2.1 The specific gravity of the different varieties of rice hull were determined by
evacuation method.?

2.2 The calorific values of the different varieties of rice hull were determined using an
automatic adiabatic bomb calorimeter. M odel of the instrument is autobomb CB-100.

2.3 The alkali oxides K,0, Na,O contents, CaQ, MgO contents and Al 0.3 Fe,0,3
MnO# P,O,! contents were determined by Flame Photometer, Atomic Ab'-.orptlon
Spectrophotometer and UV - Visible Spectrophotometer techniques respectively.
Models of the instruments are Spectromom 381 L., Spectromom 190 A and
Spectromom 361.

2.4 The SO; content was determined by a gravimetric methods {SOf- as BaSO,).
2.5 The chloride content was determined by a titrimetric method® (Cl™ as AgCl).
2.6 The Scanning Electron Micrographs of the rice hull samples were studied using a
JSM 25 8 Scanning Electron Microscope.

2.7 The differential thermal analysis and thermogravimetric curves of two varieties
of rice hull were obtained using a differential thermal analysis equipment. Model of
the instrument is MOM, Q - Derivatograph.

3. Results and Discussion

3.1 External Appearance, Dimensions and Weight per grain

Six different varieties of paddy were used for this study and the results are given in
Table I It was found that the paddy grain of variety BG 11-11 is the smallest one and it
can be clearly identified from the others. Grains of BG 94-1, BG 90-2 and BG 400-1 are
almost same and difficult to identify from each other. Weight per grain of BG 90-2 is
the highest value.
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3.2 Specific Gravity, Bulk Density and Calorific value of rice hulls

The specific gravity, bulk density and calorific value of six different varieties of rice
hull are tabulated in Table I1. Variation of these properties among the different
varieties of rice hull are 1.17 - 1,40, 140.2 - 212.4 mg/ml and 4080.6 - 4199.9 cal/g
respectively. The specific gravity and bulk density of BG 34-8 variety is the lowest with
1.17 and 140.2 mg/ml respectively.

3.3 Chemical Analysis of different varieties of Rice Hulls

The chemical analysis of different: varieties of rice hull indicates that the organic
matter is the major constituent. Out of the varieties analysed the organic matter
content of BG 11-11 was the lowest with 86.2 per cent, whereas BG 90-2 contains the
maximum amount about 91.4 per cent of organic matter.

The major inorganic component in rice hull is silica. The other constituent which were
found in appreciable quantities are K,0, Na,0, Ca0, MgO, ALO,, Fe,0,, MnO, P,0,,
S0;and Cl. BG 11-11, BG 94-1 and BG 34-8 which arc mainly grown in the dry zone
where the soil contains high alkali showed a high percentage of K,0 and Na,O,

BG 34-8 which is mainly grown in dry zones like Polonnaruwa, Anuradhapura and
Kurunegala shows a higher percentage of MnO. The variation of chemical
constituents in these varieties of rice hull can be attributed to the soil conditon,
climatic condition and type of fertilizers used.

Table 1.-External appearance, dimensions and weight per grain of different varieties of paddy grains.

Variety Colour Shape/Size Length/ Width/ Thick- Weight per
mm mm ness| grain mg;
mm grain
BG 11-11 Dark straw Nearly 5.48 285 2.00 12.71
round,
small
BG 94-1 Dark straw Oval, 9.19 2.73 2.04 23.30
large one
sharp end
BG 34-8 Dark straw Oval, 7.47 3.05 2.14 23.13
medium
BG 90-2 Dark straw  Oval, large 9.47 283 212 28.64
BG 400-1 Dark straw Owval, large 8.48 3.06 213 26.89
BG 3-5 Straw Owal, 7.70 2.63 L8R 17.94
medium
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Table 2.— Specific gravity, bulk density and calorific value of different varieties of rice hulls,

Variety Specific gravity Bulk density mg/ml  Calorific value cal/g
BG 11-11 1.33 152.4 4080.6
BG 94-1 1.36 212.4 4110.6
BG 34-8 1.17 140.2 4144.6
BG 90-2 1.33 175.7 4123.1
BG 400-1 1.34 164.1 4199.9
BG 3-5 1.40 146.9 4101.1

Table 3.— Chemical composition of different varieties of rice hull,

Variety BG 11-11 BG 94-1 BG 34-8 BG 90-2 BG 400-1 BG 3-5
H,0 8.7079 8.8004 9.9438 9.4619 9.0888 10.5338
Organic 86.2287 86.4432 87.1062 91.3466 90.1561 86.7337
8i0, 10.8515 11.6061 10.3958 6.5866 8.7730 11.4362
K0 1.0080 0.7586 0.9638 0.5029 0.3023 0.5744
Na,O 0.0347 0.0215 0.0186 0.0210 0.0181 0.0462
CaO 0.0850 0.1020 0.0779 0.0653 0.0738 0.0805
MgO 0.1174 0.0707 0.0910 0.1230 0.0652 0.0730
Fe,0, 0.0027 0.0188 0.0084 0.0321 0.0050 0.0177
ALO; 0.2840 0.1502 0.2823 0.0758 0.2775 0.0254
MnO 0.0161 0.0201 0.0729 0.0358 0.0346 0.0265
P,04 0.2775 0.1917 0.2408 0.3758 0.1082 0.2180
80; 0.2096 —_ 0.1363 0.0767 - 0.0690
Cl 0.0016 0.0207 0.0104 0.0015 - 0.0103
Total 99.1415 99.4036 99.4044 99,2431 99.8118 99.3119

Chemical constituents - per cent by weight moisture free basis.

The chemical analysis of the six different varieties of rice hull studied are given in
Table 3.

3.4 Scanning Electron Microscope Studies

A study of the electron micrographs show the cellular structure of the different
varieties of rice hull and the presence and distribution patterns of amorphous silicain
the cellular structure. The distribution pattern of amorphous silica varies from variety
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to variety and this is useful to characterize the different varieties of rice hull, Another
significant feature of each variety of hull is the silica fibres arising from the surface of
the cellular structure in different varieties. White areas of these photographs indicate
the amorphous silica.

The scanning electron microphotographs of the different varieties of rice hull studied
are given in Figure 1.

3.5 Differential Thermal Analysis (DTA) and Differential Thermogravimetric
(DTG) studies of different varieties of Rice Hull

DTA curve of BG 11-11 shows a broad exothermic phase transformation of
amorphous silica to crystalline silica and completes at 700°C (973 K).

The DTA curve of BG 94-1 is also similar to BG 11-11 but the complete
transformation of amorphous to crystalline-occurs at a higher temperature of 760°C
(1033 K).

These results clearly indicate that the transformation of amorphous silica in rice hull
to a crystalline form occurs with increase of temperature,

DGT curves of BG 11-11 and BG 94-1 show two significant peaks at 100°C (373 K) and
others at 250°C (523 K) and 260°C (533 K) respectively. The peak, at 100°C is due to the
loss of moisture. The peaks at 250°C and 260°C are broad and indicate the loss of
organic matter during a long range of temperature.

The DTA and DTG curves of the rice hull of the varieties BG 11-11 and BG 94-1 are
given in Figure 2.

4. Conclusion

The present study clearly shows the variation of physical properties and chemical
composition of the six different varieties of rice hull.
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Figure 1. DTA and DTG curves of rice hull
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Figure 3. Scanning electron micro photographs of rice hull
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Figure 4, Scanning electron micro photographs of rice hull
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4.1 External Appearance, Dimensions and Weight per grain

These results are very important to identify the different varieties of paddy grains. The
grains of BG 11-11, BG 34-8 and BG 3-5 can be clearly identified from the others,
Average value of weight per grain is 22.1 mg/grain.

4.2 Specific Gravity, Bulk Density and Calorific Value

The average calorific value of rice hull is 4127 cal/ g. The hull with high percentage of
organic matter BG 400-1 shows the highest calorific value of 4200 cal/g.

The specific gravity and the bulk density of BG 34-8 variety is the lowest with 1.17 and
140.2 mg/ml respectively,

Average values of specific gravity and bulk density are 1.3211 and 165.3 mg/ml
respectively.

Individual values show a slight variation from the average values,

4.3 Chemical Composition of different varieties of Rice Hull

Moisture content of the different varieties of rice hull varies from 8.7% to 10.5%. The
major constituent of rice hull is the organic matter and that varies from 86.2% to 91.4%
among the varieties and has an average value of 88¢. Silica (Si0,) is the major
inorganic constituent of the rice hull and varies from 6.6% to 11.6%. Average value of
silica of the different varieties of rice hull is 9.94%. Other inorganic constituents KO,
Na,0, Ca0, MgO, AL Q,, Fe,0;, MnO, P,0,, SO;and Cl are also found in detectable
amounts in the different varieties of rice hull. The variations of these constituents
among the different varieties of rice hull are 0.3% - 1%, 0.2% - 0.05%, 0.07% - 0.1,
0.07% - 0.12%, 0.03 - 0.28%, 0.003% - 0.03%. 0.02% - 0.07%.,0.11% -0.38%,0.07-0.21%
and 0.0029 - 0.029 respectively. The average values of each constituent are 0.69%,
0.027%, 0.081%, 0.099%, 0.1836;, 0.014%, 0.034¢%, 0.24%, 0.082% and 0.007%
respectively. These average values clearly indicate that there is a significant variation
of the constituents K,0, Na,0, ALO,, Fe,0,, MnO, P,0;, SO;and Cl of the different
varieties of rice hull. Therefore it is important to know the variation of this kind of
constituents in rice hull before studying the strength of cements obtained from the
different varieties of rice hulls. The constituents SO; and Cl are not found in all the
varieties, The variation of these constituents in different varieties of rice hull mainly
depends on factors like soil condition, climatic condition and type of fertilizers used
etc.
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4.4 Scanning Electron Microscope Studies

The Scanning Electron Microscope studies indicated the presence of amorphous silica
and that its distribution pattern could be utilised to distinguish the different varieties
of rice hull. The distribution pattern of amorphous silica in each variety of hull is
characteristic and could possibly be a genetical feature.
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Abstract: The monazite placers of Sri Lanka are among the world’s most thorium rich
sediments. This study of the stream sediments and rocks from an area in the southwest of Sri
Lanka shows that the highly metamorphosed aluminous schists and gneisses and also
granitoid rocks of the Highland and South-west Groups of the Precambrian of Sri Lanka are
the probable source rocks for the thorium-rich monazite. The magmatic fluids known to have
pervaded the aluminous sediments during the intense folding and metamorphism under
granulite facies conditions are considered to have been thorium rich. The P-T conditions of
metamorphism proved to be ideal for the formation of a variety of gem minerals including
gem monazite and other associated heavy minerals.

1. Introduction

Gems, and to a lesser extent gold, are increasingly being found in the sediments of
streams draining the central Highland Group of rocks in Sri Lanka. Due to the recent
large-scale gem mineral discoveries the study of gemstones of Sri Lanka has been the
subject of several recent studies 4, !1, 13,17 It has also been found that in some sediments
gems are closely associated with gold.> Whereas much emphasis has been placed on
gemstones as a useful export commodity, the thorium bearing monarite stream
sediments of Sri Lanka have not been given the same consideration and indeed their
potential is great as shown by the recent work of the Geological Survey of Sri Lanka.

This paper deals with the genesis of thorium-rich heavy minerals, particularly
monazite, in the stream sediments of the Bentota River, in the southwest of Sri Lanka.
This stream drains an area containing abundant gemstones and some alluvial gold.
The area under consideration is a mineralized terrain and large alluvial or *beach’
deposits of monazite are found at the mouth of the Bentota River. Uranium and
thorium are known to be found in relatively high concentrations in this area. Using
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the abundance of the heavy mineral suites supplemented by petrographic studies of

rock thin sections, an attempt has been made to trace. tie source roeks of the thorium-
rich monarzite,

Kankesanturai

g ——

Colombo

Rt ] AREA STUDIED
4  Sinharaja forest

Figure 1 — Map showing the area studied, VC-Vijayan Complex ; HG -
Highlarid Group; SWG - Southwest Group, 1 - Lowlands il -
Uplands III - Highlands.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

101

The Genesis of Thorium-Rich Monazite Placer Deposits in S¥i Lanka

“gale 2y} JO

UONRIO[ A} SmoYs 1asuw oy [ “syutod Suipdures a1 pur paipnas vare oy jo dew [2o130[035 2y |,

»

— g amsirg

0.

"7 §ouaydyonplo;

ot

) juhs oy

Aadi3

| i

epishuung)
|

)

b ..
a_meuxn

T

meoL iy ales

aduos w3

B|dwns Juawipas @

Squawipas

jmanpo [
ELTRC I~
sdjowbad [§]
sasgaub GNT
saprumb [

seiatauwngs [}

C10BT 08 0}

Oj0judy &)

YHUNYT [HS

LSIM HANDS  ¥WIHY HIAIH YI0LNIT 20 d¥IW I¥ 2307037 341 7dmS

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media



http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

102 M. 8. Rupasinghe, W. Gocht and C. B. Dissangyake

2. General geology of the area

Figure 1 illustrates the location of the area studied with respect to the general geology
and physiography of Sri Lanka. The area lies within the Southwest Group of rocks
comprising mainly of wollastonite bearing calciphyres, cordierite gneisses with
sillimanite, corundum and sapphirine as accessory minerals. Migmatites, charnockitic
gneisses and granitoid rocks are also common in the Southwest Group.

The major part of the area is drained by the Bentota river and its complex
system of tributaries. The rocks are predominantly plutonic and of Precambrian age,
superficial Quaternary deposits being confined to the valleys carved by the Bentota
river. The Precambrian rocks comprise mainly of charnockites and granitic gneisses with
subordinate metasedimentary bands3.'® Among the metasediments are calc-
granulites and gneisses, quartzites and quartz schists, quartzfeldspar (garnet)
granulites and gneisses, garnet-sillimanite (cordierite) granulites and biotite-garnet-
graphite gneisses. As noted by Cooray 3 small granitic bodies, pegmatites and dolerites
intrude into the crystalline rocks, the pegntatites being both charnockitic and granitic
in character. Tt has been found that some of the granitic pegmatites carry thorium and
uranium bearing minerals such as monazite and thorianite.

Monazite occurs as a seasonal beach sand deposit at Kaikawala and Beruwala
(Figure 1) where it is associated with ilmenite, garnet, rutile and zircon. Even though
monazite is mined on a small scale at Kaikawala beach, very little attention has been
paid to the monazite bearing stream sediments as studied in this paper,

3. Materials and methods

Figure 2 illustrates the sampling locations. A total of 31 sediment samples and 19 rock
samples were obtained. The sediments were taken from tributaries very close to the
main Bentota river since a very dense mangrove vegetation prevented the accessibility.
Close to the main river the distance between sampling points was between 300-400 m
and further away from the main river the distance between the sampling points
increaséd as shown in Figure 2. The sediment samples were obtained by making a hole
1m? in the sand and cutting a thin groove so as to obtain composite samples from
different stratigraphic horizons. Approximately 5 kg of sediments from each
sampling point were sent to the laboratory for analysis.

4. Results and discussion

The screened fractions of the total sediments and the percentage of heavy minerals in
the various fractions are illustrated graphically in Figure 3. Figures 4a-4d illustrate the
heavy mineral contents of the samples analysed, the major heavy minerals observed being
ilmenite, garnet, zircon and monazite. Ilmenite in general is found in the highest
concentration and ranges from 30-719% of the total sediment. Based on these studies
the heavy mineral distribution in the streams studied can be shown as in Figure 5. The
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highest heavy mineral concentrations are found in the regions of Gonagala and Omatu
Ela and also Pitigala Ganga (Figure 2), all the heavy minerals studied showinga similar
pattern of distribution,

ol

70 b

20 | br

19
&
17
29
28
27
26
25
23

+ e oin|— o Sample No.
i |

20
21
22

| I 11 v LA | Vil VIl tributaries

Figure 3 — Histogram showing the total wt% of heavy minerals in tributaries.

* Average total heavy mineral content of the area. The sample numbers refer to those as
given in fig. 2. The tributaries from which the samples were collected are as follows. T -
Gonagala Ela, 11 - Omatu Ela, TIT - Totas Ela, 1V - Metiwiliva Ela, V and VI - Palawatta
Ganga VIl - Pitigala Ganga VIII - Bentota River.
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Monazite in particular was well known as forming placer deposits in Sri Lanka
as far back as 1903.26 A further point of interest was the fact that this monarzite
contained an average of 109, ThO,, which was higher than the average of commercial
monazite from sources elsewhere in the world.!5 Overstreet!s interpreted this high
average for ThO, in the monazite to reflect the uniformly plutonic character of the
source rocks in Sri Lanka and concluded that the monazite crystallized in the gneisses
and schists when they were metamorphosed. This interpretation differed from the
concept that monazite in the gneisses were relict detrital grains.! Even though not
many localities had been mentioned in the literature as examples of monazite in the
crystalline rocks in Sri Lanka, the similarity between the monazite in the granulite and
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Figures 4a-d Histograms showing the heavy mineral contents of the samples analyzed.
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Figure 5 —  Distribution of heavy minerals along the tributaries studied.

the typical alluvial monazite was used by the Imperial Institute of London® to show
that alluvial monazite was derived mainly from granulite instead of pegmatite.
Dunstan? showed that the schists, gneisses, granulites, acid charn ockites and granitic
rocks in the Southwestern and Central parts of Sri Lanka were the source of ilmenite-
rich concentrates containing small amounts of monazite and variable quantities of
zircon and rutile. Cooray? in his study of the geology of the Alutgama region found
that monazite was introduced into the host rocks during widespread granitization that
affected the area-in the later stages of its plutonic history.

A study of nearly 20 thin sections of rocks from the area investigated showed
that the gneisses and the granulites in particular, contained the heavy minerals
observed in the alluvium. It is of interest to note that sillimanite was also found in the
area studied could also be rich in heavy minerals. Coates! considered this source to
have supplied much of the monazite to the streams and beaches of Sri Lanka. One
advantage of identifying a source terrain and working from it toward the placer
deposit is that the same source terrain may contribute to several types of residual and

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

106 M. 5. Rupasinghe, W. Gocht and C. B. Dissanavake

placer deposits.® Indeed, the high grade metamorphic rocks of the southwestern and
central parts of Sri Lanka could well be the source rocks for a variety of placer deposits
including the gem and gold bearing gravels.!> Some minerals of gem quality such as
zircons, like monazite are considered to be invariable associates of gold and this
association is common in Sri Lanka,

The genesis of the thorium-rich monazite sediments in Sri Lanka could best be
discussed in the light of some recent views in the geologic evolution of Sri Lanka.
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The central Highland Group is considered to be a former oceanic basin flanked
by the castern and western parts of the Vijayan Complex (Figure 1), representing two
Precambrian microplates which were closing up at varying rates.!* The oceanic basin
was continuously filled with sediments of the sandstone-shale-limestone sequence. An
increase in the rate of subduction caused the metamorphism of the sediments in the
part of the basin lying closer to the trench at the eastern part. This was followed by the
formation of granulite facies metamorphic rocks in the basin and the further
convergence of the microplates deformed the basin producing tight folds, particularly
in the Southwest Group where monazite bearing rocks occur. The deformed and
metamorphosed oceanic crust penetrated parts of the metasedimentary cover
producing different facies of the Southwest Group. This was accompanied by the
emplacement of magmatic fluids produced by the basement remobilization associated
with collision.

Overstreet!s outlined many features of monazite in schists and gneisses that
show that it is of metamarphic origin. These features as given below are of particular
significance in the genesis of monazite in the metamorphic terrain of Sri Lanka.

(a) Direct relation between amount of monazite in metamorphic rock and
grain size of original sediment.

(b) Inverse relation between the range in grain size of particles of monazite
in paraschists and paragneisses and the possible size range in the
original sedimentary rock.

(c) Correlation between physical properties of monazite and metamorphic
grade of host rock.

(d) Inclusions in monazite identical with metamorphic minerals in host
rock,

(e) An inverse relation between monazite, allanite and other thorium
bearing minerals in metamorphic rocks and a direct relation between
the amount of thorium in monazite and the grade of regional
metamorphism.

In the area studied and in the rocks of the Southwest Group of Sri Lanka in
general, monazite occurs primarily as an accessory mineral in a variety of gneissic and
granitoid rocks associated with migmatites. Cooray? and Rupasinghe!s observed the
occurrence of monazite in pegmatites and in migmatized charnockites. In the light of
the above mentioned facts it seems probable that monazite was introduced intc the
host rocks during the intense magmatic activity associated with the metamorphisni of
the aluminous sediments under granulite facies conditions. These conditions proved
very favourable for the genesis of minerals of gem quality such as garnet, sillimanite,
andalusite, cordierite, zircon, corundum, etc. It is of interest to note that monazite of
gem quality had also been found in Sri Lanka.!®
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The thorium content of Sri Lanka monazite is very high and is exemplified by a
comparison with the average ThO, contents for different metamorphic facies { Tablel).
As shown in Table |, apart from high thorium contents the rare-earth element
concentrations are also extremely high, As shown in Figure 6.1t is of interest to compare
the rare-earth element contents of monazite from Apollo 11 basalt'? 11047, 68 and
those of monarite from Sri Lanka (this work). A general similarity is seen with a more
pronounced Eu anomaly in the Sri lLanka monazite samples. It is seen from the
chondrite normalized REE fractionation pattern that the light REE’s (La to Sm) are
highly enriched relative to the heavy REE’s (Gd to Lu). Lovering et a/'? concluded
that crystallization of monazite from late-stage liquids formed during crystallization
of lunar igneous rocks could lead to these liquids to become increasingly depleted in
the light REE’s relative to the heavy REEs.

5. Conclusions

The foregoing study shows that thorium-rich monazite has been derived from a variety
of gneisses and granitoid rocks in the Southwest and Highland Groups of Sri
Lanka. The P-T conditions of metamorphism and the introduction of magmatic fluids
during the deformation and metamorphism of the aluminous sediments resulted in the
introduction of thorium-rich fluids and the formation of monazite. The extensive
weathering under humid tropical conditions and subsequent transportation localized
the heavy mineral-rich alluvial placers in Sri Lanka as exemplified by the area of this
study. As shown by Goldsmith and Force®, geologic maps that show metamorphic
zones and describe the kinds of rocks that make up a metamorphic terrain should serve
as useful prospecting tools. The Southwest Group of Sri Lanka provides a good case in
point and detailed mapping of the area would certainly prove worthwhile in the
discovery of mineral deposits useful for Sri Lanka.
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Effect of Storage (in small Packages) on Volatile Oil and
Piperine Content of Ground Black Pepper
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Natural Products Section, Ceylon Institute of Scientific and Industrial Research,
P.O. Box 787, Colombo, Sri Lanka.

(Date of receipt: 24 November 1982)
{Date of acceptance : 05 July 1983)

Abstract: The composition of the essential oil of Sri Lanka black pepper and changes in
composition on grinding and storage in various packaging materials are reported.

1. Introduction

Pepper (Piper nigrum L.} is one of the more important spices grown in Sri Lanka. Sri
Lanka pepper is reported to have special characteristicsé (high volatile oil and
piperine) which gives it a special position in world trade. Traditionally, pepper has
beecn exported as whole black pepper, however with increasing competition in the
world market the need for product diversification has arisen. Among the new forms of
pepper for the export market are: ground pepper (black and white), canned and
pickled green pepper, buff and white pepper (containing pericarp) and dried green
pepper.®

The original systematic study of the volatile constituents of pepper by Jennings
and co-workers "~ "yas carried out using Sri Lanka pepper. However, these studies
were directed mainly towards the confirmation of the presence and identification of
the constituents of the volatile oil. Although one study '8 gave a quantitative picture of
the oil of Sri Lanka pepper, the report is nearly 20 years old. Indian varieties, on the
other hand, have been extensively studied and the subject has been given much

prominence in a recent review.®

Thus there is a case for investigating the composition of volatile constituents of
Sri Lanka pepper based on gas-liquid chromatography notwithstanding the fact that
the subject was considered in part in a paper on quality control!®

" Past studies 1234 on the packaging of ground black pepper have revealed that
polyethylene alone does not fully meet the requirements of a ground pepper and in
order to retain volatiles, select laminates must be used. Chinenova et al reported
reduced losses in lacquered cellonhane, while Balsubrahmanyamer al® found that low
density polyethylene (LDPE) and high density polyethylene (HDPE) were poor
barriers for volatile oil while ground pepper in a polyester [ polyethylene lined carton
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lost the least oil. Balsubrahmanyam and Kumar? reported a 5 month-shelf life usinga
paper / aluminium foil / polyethylene laminate as well as a cellophane { LDPE double
pouch. Balsubrahmanyamet al 'also reported that high temperature storage in LDPE
and HDPE resulted in ‘sticky’ packages and oil deposition on the surface of the
packaging material.

Despite this knowledge, ground pepper continues to be marketed in Sri Lanka
in single pouch LDPE.

Our study on packaging of this material appeared important for two reasons:-

@

(i)

To our knowledge the effect of storage in various packaging material on
essential oil composition has thus far not been reported.

It was of interest to determine in more detail the shelf-life of ground
pepper in LDPE as this was the packaging material currently in use in
this country.

In this paper we report the following:

@)
(i1)

(iii)

(iv)

)

A glc analysis of Sri Lanka pepper wil,

The effect of commercial grinding on volatile oil content and
composition,

An analysis of volatile oil of selected ground pepper samples found in
the local market.

The effect of storage of ground pepper in different gauges of single
pouch LDPE packs, an Al foil laminate and tinned cans on the
composition of pepper oil,

The effect of storage (in these packages) on piperine (the pungent
principle of pepper).

2. Experimental

2.1 Raw material

Graded black pepper (FAQ) meant for the export market was purchased from G. S,
Chatoor and Co..Ltd. Other samples were collected from Wariyapola Group Estate,
Matale (a plantation of genuine and unmixed Sri Lanka pepper). The latter was dried
at 50-60°C in a forced draft oven for 48 h. Ground pepper samples from different
sources were purchased from the open market.
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2.2 Grinding and packing

Black pepper was ground in a commercial hammer mill and sieved (150 #m sieve). The
ground pepper (250g) was immediately packed in the following packages:

(i) LDPE - 25, 50, 75, 100, 125 and 175 um (ii) HDPE - 15 um (iii) Alfoil (0.1
mm) / LDPE 75 #m laminate (iv) lacquered tinned cans. These packages were stored
in a wooden cupboard at ambient temperature (27-31°C),

2.3 Moisture content

Moisture content was determined by the Dean and Stark (toluene) methods

2.4 (il content

0il content was determined using Clavenger light oil arm after hydro-distillation for
4h. For the determination of oil content grinding was preceded by freezing. This
procedure prevented oil loss.

2.5 0il composition

0il composition was determined using a Varian 2440 gas chromatograph. Operating
and other conditions are given in a footnote of Table 1. Identifications were made
using retention data and peak enrichment techniques only. This has been considered
adequate as all the components tentatively identified have been previously reported in
pepper oil,

2.6 Piperine content
Pepper was extracted with ClLxCl, and pepper oleoresin produced as described

previously’ ! Piperine was estimated by the two methods detailed previously: (i) tle-uv
densitometric method” and (ii) the tlc-uv spectrophotometric method !!

3. Results
3.1 0il composition of Sri Lanka pepper oil
0il composition of anexport sample and a sample collected from an estate is shown in

Table 1. As reported previously®'® monoterpene hydrocarbons were present in
relatively large proportions. A significant peak appeared immediately prior to #-
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caryophyllene (r.r.t = 3.62) conspicuous in Sri Lanka pepper and sometimes occurring
in very large proportions. The peak, not reported previously, was unidentified.
Beyond r.r.t. = 5.6 were 15-20 minor components whose total contribution was < 8%,
No effort was made to identify these components.

3.2 Effect of Grinding

Table 1 also shows the effect of grinding where the levels of monoterpene
hydrocarbons declined to the greatest extent. It appears that some caryophyllene ora
chromatographically similar sesquiterpene was formed during grinding.

RESIDUAL OIL(%)
50
| 3

TIME (DAYS)

Figure | — Effect of storage in polythene on oil content of ground pepper

B ————HN, 5 wum LDPE:

O——0, 15umHDPE ;
& ——— A, 100 gm LDPE ;
x ———x*, 175um LDPE ;
{ P — Al foil laminate.

il
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Figure 2 — Loss of oil fractions of ground pepper from 25 um LDPE

X —— X, Monoterpene hydrocarbons ;
® ———— &, Scquiterpene hydrocarbons ;
O ———— 0O, Oxygenates.

Only known components are categorised

Mornoterpene hydrocarbons:
ot -pinene. f pinene, camphene, sabinene, o€ -phellandrene, B-phellandrene, myracene,
limonene, Y-terpenene, p-cymene, terpinolene

Sesquiterpene hydrocarbons:
f-caryophyllene, " f-farnesene, humulene, f-bisobolene, f-elemene

Oxyeenates:
I-terpenin-4-ol, linalool, cis and trans carveol, methyl eugenol

3.3 Analysis of samples of ground pepper from the market

Four samples were analysed. Samples 1-3 were ground black pepper contained in 50
micron LDPE while sample 4 was contained in a bottle fitted with a crown cork. The
latter sample contained 0.6% o1l while the other samples contained 0.1% oil or less. On
glc analysis it was found that monoterpene hydrocarbons were absent in all cases.
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3.4 Storage experiments using ground pepper
3.4.1 Preliminary observations

Moisture content was initially 8%. After the various stages of storage, moisture
content rose to 9-14%. Mouldiness was not visually observed.

3.4.2 Effect on oil content

Oil content declined markedly under all LDPE and the HDPE storage conditions but
remained constant in the aluminium foil laminate and in the tinned can. Some of the
results are expressed in Figure 1. (50pm, 100 zm and 175¢m LDPE, 15¢m HDPE and
Al foil laminate).

3.4.3. Effect on oil composition

Here selected known components were combined under the following categories:
(1) monoterpene hydrocarbons, (ii) sesquiterpene hydrocarbons and (iii) oxygenates.

In all cases a greater loss of monoterpene hydrocarbons was observed.
Sesquiterpene hydrocarbons were also lost, but at a less rapid rate. On a percentage
basis the smallest losses appeared to be exhibited by the oxygenates. Figures 2, 3and 4
describe the rate of loss of volatile oil fractions from LDPE (254 m) LDPE (175pm)
and HDPE (15 zm). Losses of monoterpene hydrocarbons were also shown in the Al
foil laminate and tinned cans after six months of storage: as total oil content did not
decline in these cases, the loss of this fraction is probably due to its conversion into
other volatiles.

Table 2 describes the changes in composition of oil after different treatments
and illustrates that the degree of less of constituents is preferential.

344 Effect on piperine content

Both methods of assay of piperine used in this study gave very closely concordant
results.

The only significant decline in piperine content was in the 25 #m LDPE (Figure
5). The figure also shows the loss of volatile oils from the same package. Volatile oil
and piperine losses closely parallel one another.
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Figure 3 — Loss of oil fractions of ground pepper from
175 #m LDPE For details see l'igure 2.
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Figure 4 — Loss of oil fraction of ground pepp\er from 15 ym HDPE
For details see Figure 2.
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Figure 5 Loss of oil and piperine from ground pepner
on storage in 25 #m LDPE
X ——— x . % piperine :
O — 0, % volatile oil

The piperine levels of the 50 um LDPE packaged pepper showed a small
decline (5%), while no significant decline in piperine content was shown in the case of
the other packaging materials.

On washing the -outer surface of 25 pm LDPE with ether, two major
components were isolated: (i) piperine-separated by tlc and its identity verified by its

uv spectrum and (ii) caryophyllene oxide (tentatively identified by glc and tle
techniques).

4. Discussion

The composition of Sri Lanka pepper oil does not differ significantly from that
reported by the original study of Jennings and Wrolstad ' However special attention
must be drawn to the additional peak at r.r.t = 3.62 which appears to be characteristic
of and unique to Sri Lanka pepper oils. This peak has not been identified.

Results show that milling and packaging conditions markedly affect oil content
as well as composition. The absence of volatile constituents in the samples from the
open market illustrates two facts viz.: (i) little attention is being paid to the method of

packaging of ground pepper and (ii) the absence of volatiles does not appear to be an
important consideration in local consumer tastes,
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However, this will not be true for products destined for the export market.
Here, cold or otherwise controlled milling will be required to minimize heat generation
and packaging materials will need to be chosen according to the requirements of shelf-
life. This does not necessarily rule out the use of LDPE as preferential loss of
monoterpene hydrocarbons and thereby an increase in concentration of oxygenates
among the volatiles could result in a product more preferred organoleptically.

The study, confirms that both LDPE and HDPE are poor barriers for essential
oils and that the thickness of LDPE has a significant effect on not only the rate of loss
of oil but also the composition of the residual volatiles.

The loss of piperine from the 25 micron LDPE is interesting and it is theorised
that this compound migrates through the polyethylene facilitated by the movement of
oil through the barrier. The detection of caryophyllene oxide on the outer surface of
the pouch is not surprising and probably arises by the oxidation of B-caryophyllene;
while the less volatile caryophyllene oxide is retained on the outer surface of the pouch
to some extent, the other hydrocarbons are volatalised.
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Abstract: Conductivity characteristics of ferric molvbdate is studied. Tt is found that this
material undergoes a semiconductor to metal transition at ~1390C,

1. Introduction

The study of insulator to metal and semiconductor to metal transitions in inorganic
solids has attracted much attention®* It is well known that transition metal
compounds, notably those of iron exhibits this phenomenon at relatively low
temperatures.’*’ In this note we describe our observations on semiconductor to metal
transition in ferric molybdate (Fe, [MoO,],).

2. Method

To obtain reproducible results, ferric molybdate is prepared by the following
methods. Dilute acetic acid (10% solution) is added to 0.25M ammonium molybdate
in ammonium hydroxide (~contaning 2% NH,) until the pH is = 5. Excess ferric
chloride solution containing acetic acid (pH is = 4.5) is added dropwise with vigorous
stirring to the molybdate solution and the mixture is boiled. The yellowish brown
precipitate of ferric molybdate is washed with deionized water and dried for several
hours at 200°C. The dried compound chocolate brown in colour is powdered and
compacted between carbon electrodes at a pressure of ~ 5x105 Pain a pyrex glass tube
(diameter == 0.5 cm, pellet length == 0.4 cm.). At this pressure the effect of grain
boundaries is found to be negligible and further increase of pressure does not reduce
the conductivity significantly. The ends of the tube are sealed with epoxy resin, the
sample is immersed in a thermostatic bath and V-I characteristics are determined at
various temperatures.

3. Results and Discussion

The voltage - current gharacteristics are found to be highly nonlinear. The plots
of current density (J) vs potential gradient (E) at different temperatures are indicated
in Figure 1. The transition to the highly conducting metallic phase is dependent upon
temperature as well as current density. At a given temperature less than T, (= 139°C),
as the voltage is increased from zcro. J varies continuously until a point on the curve A
is reached. Once this point is passed, there is an abrupt increase in conductivity and
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Fig. 1. - The plot of J vs E at different temperatures. The dashed curve A gives the points at which the

transition to metallic phase takes place abruptly when J is increased. When T->T,(==139°C) the
material transforms into the conducting phase and J.E vary along the line B.
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further increase of E will change J along the line B, where the conductivity is almost
constant (==4.5x10-2am). No hysteresis is observed before the curve A is intersected, i.e.
if the voltage is decreased before crossing this curve, J decreases along the initial path
via which it had increased. When the point where the abrupt increase in conductivity is
passed, the material remains in the highly conducting metastable phase for several
minutes even if the current is discontinued.
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Fig. 2. Plot of log (E/ 1) vs E at different temperatures.
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Fig. 3. Plot of log ,5 vs T-! in the semiconducting phase. |, P = resistivity at zero current density).

Again if the critical temperature T, = 139°C is exceeded, the material
transforms into the metallic phase, i.e. the current voltage characteristics follow the
path B for all current densities including the zero limit (Figure 1). Also if the sample is
cooled once the temperature had exceeded T, material remains in the metallic phase
and complete reversal to the semiconducting phase is observed after several hours.

From a plot of log (E/J) vs E (Figure 2) it is possible to determine the resistivity 2
of the material at different temperatures as the limit E—->0, J —> 01is approached in
the semiconducting phase. The plot of log / vs T-! is a straight line (Figure 3) indicat-
ing that the relation,
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i pc-'eEa"kT (1)

is satisfied with 2 = 6.3x10-%am and activation energy E = 0.50 eV. (P at 139°C
computed from (1) is ~ 7.1x10%qm, thus there is ~ 10¢ fold increase in conductivity
after the transition).

The system is highly sensitive to impurities. The samples of the compound
prepared in the manner described above corresponds to stoichimetric Fe,(MoO,),to
an accuracy of 0.3% in the content of Fe and O. Although reproducible results are
obtained, the presence of Fe O,as an impurity in the samples cannot be ruled out. If a
neutral instead of acidic solution of ammonium molybdate is used in the preparation,
the resulting material has reproducible but slightly different conductivity properties,
i.e. the transition temperature is increased by several degrees and the conductivity in
the metallic phase is reduced.

There is no evidence for ionic conductivity **, however we have not been able
to determine the electron and / or hole mobilities in the material. The crystal structure
of ferric molybdate is not reported in literature to the knowledge of the authors.
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Abstract: This paper introduces a new technigue of piperine assay based on tle-uy
densitometry which produces nearly identical results to the already known tlc-uv
spectrophotometric method. Results of this study confirms that Sri Lanka pepper has very
high piperine content (7-15%); 2-6 fold that of commercial Indian, Malaysian and other
varieties. This is the first report containing comprehensive data verifying the high piperine
content of Sri Lanka pepper using reliable analytical techniques.

1. Introduction

Pepper (Piper nigrum L.) is one of the most important spices grown in Sri Lanka.
Traditionally it has been exported as the primary product-black pepper. Sri Lanka
pepper has had a reputation for containing high levels of volatile and pungent
principles, ¢ However, market prices are at present not always dictated by these quality
factors. It is clear that proving the presence of these qualities in our pepper is a stepin
the direction of establishing premium prices for the product. The detailing of
acceptable analytical techniques and their application is of special importance in the
case of the piperine because this compound is present in our pepper at levels 2-6 fold
than found in pepper from other sources judging from our studies and reports
contained in the literature 3¢

Piperine is responsible for the pungency of black pepper - the contribution
from other compounds to the pungency of this material being negligible 8 The earliest
method for determination of piperine in pepper was the Kjeldhal method? (for N)
which obviously resulted in exaggerated values. An early method established wasthe
spectroscopic method? (termed “direct uv method™ hereafter) by which quantitation
was achieved by measuring optical density at 345 nm. Here again (coloured) impurities
could result in exaggerated values.

Several colorimetric methods have been reported eg. using chromatropic
acid !', nitric acid?, phosphoric acid® but generally reproducibility of these methods
was considered inadequate.!’

Labruyere!'® proposed a hydrolytic method to liberate piperidine (from
piperine) followed by steam distillation and titrimetric analysis to estimate the former.
This method was later modified by substituting a colorimetric step for the titration eg.
in methods by Shankaranarayana et a/'® and Kap.® However, the direct uv method

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

130 E. R.Jansz, I, C.’Pathirana end E. V. Packiyasothy

was still preferred over all these methods and until recently still advocated mainly due
to its simplicity and the claim that its error is relatively small - over estimating piperine
by only 5-10%. *'*'¢

Notwithstanding this, analysis of piperine moved in the direction of methods
based on thin-layer-chromatography (tlc) and piperine was analysed by Wijesekara et
al using the tlc-spot area method ' here spot area was correlated to concentration.
This trend was continued by Mori et ¢/'? advocating the separation of piperine by tlc
before estimating it by uv spectrophotometry.

Govindarajan® in an exhaustive review stated that a method based on tlc and
spectrophotometry at 342 nm (of the eluted spot) gave the best correlation between
pungency (by sensory evaluation) and piperine content. However to our knowledge
the details of this method (termed “tlc-uv method” hereafter) were not reported.
Further, according to this author the error of the “direct uv” method caused by
coloured substances was only of the order of 5-10%%

Piperine has also been successfully separated by gas-liquid chromatography
but the technique has not been sufficiently studied to merit the status of a good
quantitative analytical techniqué“*'for the assay of piperine. HPLC, however has been
used successfully to quantify piperine using a variety of systems.>*"

In this paper we report:—

(a) A “tle-uv” method which expands on Govindarajan’s® report and also
shows that the error of the “direct-uv” method is not merely 5-10% but
varies markedly depending on nature of solvent used for extraction and
extraction time rendering the results of the method very suspect.

(b) Data on the tlc-spot area method providing further evidence of its
inherent inaccuracies; first pointed out by Govindarajan.®

(c) A new method based on tlc-uy densitometry the results of which tally

very closely with the tle-uv spectroscopic method.

2. Materials and Methods

2.1 Standard piperine

Pure piperine (m. pt. 129°C) was purchased from Sigma Chemical Company.
Standard curves were prepared using this specimen and also using piperine extracted
from pepper (with CH,CL) recrystallised repeatedly from ethanol. The latter standard
had a . pt.of 129-130%C and purity was verified using mixed melting points.
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2.2. Pepper oleoresin

Pepper was sampled from commercial stocks at export dealing points((:.S. Chatoor &
Co. Ltd.) as well as at estates (Mahavela and Wariyapola Estates) and other small
holdings in Matale and Kandy. The pepper was ground in a mortar and asample (50g)
was extracted in a soxhlet apparaths for 4h using the selected solvent (250 ml). On
evaporation of the solvent under reduced pressure. the oleoresin was obtained.

2.3 Direct-uv spectrophotometric method

The oleoresin was dissolved in CHCI, and an aliquot diluted so that absorbance at
342 nm lay within the limits of a linear standard curve of piperine concentration vs
absorbance. All manipulations were carried out away from light. CHCl,proved to be a
better solvent than methanol as the use of the latter resulted.in a marked decline in
optical density with time.

<
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Piperine {ug)

Figure 1 :,Standard curve for piperine using “tle-uv™ method

Piperine (ug) is correlated with absorbance after thin-layer chromatography and uv-
spectroscopic analysis at 342 nm.
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Fipure 2: Effect of extraction time on piperine content as determined by the ‘direct-t’
and fle-uy” methods.

Solvent, CH, Cl,
0 —— O, tle-uv;
X —— X, direct uv.

2.4 Tle-spot area method

This was carried out by the procedure of Wijesckara et a/!" using diluted oleoresin.
2.5 Tlc-uv spectrophotometric method 15

A 10 ¢l aliquot of olecoresin in CHCl;containing approximately 15 g was spotted on
a tle plate (silica gel G-60 300 pm) and developed in toluene: methanol (85:15). The
position of the piperine spot (Rf = 0.45) located by fluorescence in uv light, The silica
gel containing the spot was scraped off and extracted into chloroform (5 ml) using a
vortex mixer for 2 min. The silica gel was separated by centrifugation for 10 min at
600g and uv absorbance determined within 10 min usinga silica gel blank (0.D =0.02)
with a Varian 634S spectrophotometer. Piperine content was calculated using a
standard curve (Figure 1). The coefficient of variation of the method was 1.4%.

2.6 Tlc-uv densitometric method

Approximately 1.5 pg (in 10 pl) of piperine was spotted on a tic plate (300 pm) and
chromatography carried out as in 2.4. The plate was scanned using a Camag automatic
scanning variable wavelength densitometer model 7650 (monochromater nodel}.
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.Scanning was carried out at 342 nm (band width 30 nm) with a slit width of 12 mm and
a sensitivity setting of 6 using a Deuterium lamp. Scan speed was 2mm | sec.

A linear standard curve was obtained for aliquots containing 0.5 «g to 2.5 ug
when plotting peak area against mass of sample applied. However this standard curve
itself was not used for the calculation of the concentration of the unknown as peak
area varied slightly from one tlc plate to another. Therefore calculations were made
from peak area after running standards on the same plate as the unknown. The
coefficient of variation of the technique was 2.49.

3. Results

3.1 Comparison of analytical techniques

Table 1 shows an analysis of a sample of pepper using different analytical technigues.
The solvent used for extraction of oleoresin was also varied.

The results led to the following conclusions:
(i)  The three methods vielded vastly different.results.
(i)  In general the “direct uy” mgthod gave the highest values.

(i)  The enhanced values obtained with the “direct uy” method were far
greater than the 5-100% reported previously.

(iv)  Values using the spot area method do not have a fixed trend with respect
to the results of other methods.

(v)  Aséa, 6b, 6¢c and 6d were from the same specimen of pepper it was clear
that the results of the tlc-uv method has the least dependence on the
solvent used.

(vi)  Sri Lanka pepper appears to have a relatively high piperine content.
3.2 Errors of the “direct-uv method”

Errors arose as a result of the presence of 342 nm absorbing impurities in the extract.
These impurities in the oleoresin (solvent extract) vary depending on the solvent used
(Table 2). It is envisaged that the 5-10% enhancement reported previously was possibly
due to the fact that methylene and ethylene dichloride were used for extraction in
previous studies. The ban on the use of chlorinated hydrocarbons in oleoresin
manufacture in some parts of the world will result in other solvents being used for the
purpose and therefore the exaggeration of piperine content as determined by the
“direct uv” method will be variable and could be very high. Further, an additional
problem would be posed in the analysis of an oleoresin where the history of extraction
is unknown.
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A comparison of the effect of extraction time using CH,Cl, on apparent
piperine content by the “direct uv” method and the “tlc-uv method” is shown in Figure
2. 1t is seen that while the piperine content as estimated by the “uv-tlc method ™ falls on
a smooth hyperbolic curve, the readings of the direct uv method are erratic. This is
interpreted as being due to the uv-reading of the extract being a function of not only
the extent of extraction of uv absorbing material but also its rate of decomposition
during extraction. From this it is inferred that the determination of piperine by the
direct-uv method will be subject to errors connected not only with the solvent used but
also with extraction time.

Table 1.— Apparent piperine content of pepper with different analytical techniques

Piperine (% dry wt pepper)
Sample FExtraction Oleoresin e
Solvent (% dry wt) Spot area direct-uv tic-uv
1. FAQ CHECI1 10.6 7.3 = 6.4
2. FAQ Methanol 273 14.1 “17.2 1.7
3, Dried green
pepper Methanol 3.7 7.3 13.8 11.4
4. Fresh pepper Methanol 40.5 12.3 20.3 13.4
5. FAQ CH,Cl, 17.8 12.9 8.6
6. Grade 1 (a) CH,Cl, 14.4 6.9 9.8 73
(b) Methanol 17.3 8.2 14.1 T
() Methanol 17.4 10.6 14.9 7.3
(d) Acetone 11.6 — 5.4 6.3
7. Light berries CH,Cl, 14.4 6.9 9.8 1.7
8. Light berries CH,C1, 16.3 — 12.5 9.2
9. Off-grade
black CH (1, 18.0 12.3 14.6 9.1

Graded berries were obtained from the Export trade (G.S.Chatoor & Co, Ltd) in the course of 1980. Fresh
pepper was obtained from Palapathwela, Matale and dried green pepper prepared from fresh pepper in the
laboratory.

FAQ — Fair average quality grade.

FExtraction time — 4 h.
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Table 2.— Effect of using different solvents on piperine content as determined by the ‘direct-uv’ method

Solvent Piperine
(% dry wt pepper)

CH LI, 8.8
Acetone 7.6
Methanol (Experiment 1) 12.5
Methanol (Experiment 2) 13.4

Samples of the same lot of pepper were extracted for 4h. using the solvents indicated above.

3.3 Errors of the spot-area method '?

As indicated by Govindarajan® (no details were published by him) the spot area
method was found to be not reproducible.

In this study the same sample of oleoresin when applied on different plates led
to vast discrepancies leading to a coefficient of variation of the order of 509%. This is
largely due to small variations in the characteristics of different tlc plates. When the
same tleeplate was used then a reduced coefficient of variation (129) was observed for
multiple déterminations. Therefore if the “spot-area method” is used along with
standard curves for each tlc plate, then the errors would be infinitely more tolerable.

However the importance of this tlc method lay in the fact that it introduced
the concept of separating out 342 nm absorbing impurities by thin-layer
chromatography.

The above point was confirmed by measuring the optical density at 342 nm
contained in CHCI, extracts of the silica gel from different parts of the plate. Only
approximately 709% of the uv absorbance was found to coincide with the piperine spot
and a further 25% was found to occur in other parts of the tlc-plate.

3.4 The tlc-uv spectrophotometric method.

Next, an attempt was made to determine the recovery of piperine using the tlc-uv
spectrophotometric method. For this purpose a low piperine substrate had to be
obtained. The mother liquor of the oleoresin after piperine crystallisation was selected
for this purpose. Experiments led to recovery of piperine to the extent of 105%. As the
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Table 3.—Piperine content of black pepper by tlc-uv and densitomeiric methods

Piperine (% dry wt)

Sample No. -
Tle-uv Tlc-densitometric

1. GRADE | 13.3 13.5
2. GRADE | 15.0 14.8
3. GRADE 13.9 13.8
4. GRADE 1 13.3 129
5. GRADE1 12.2 12.2
6. LIGHT BERRIES 12.5 12.5
7. LIGHT BERRIES 14.1 13.8
8. LIGHT BERRIES 14.1 14.2
9. ESTATE COLLECTION 13.9 13.8
10. ESTATE COLLECTION 13.5 13.5
11. ESTATE COLLECTION 14.1 14.1
12. ESTATE COLLECTION 13.4 133
13. ESTATE COLLECTION 13.8 138
14, ESTATE COLLECTION 14.2 14.1
15. ESTATE COLLECTION 13.9 139
16. ESTATE COLLECTION 13.8 13.8
17. ESTATE COLLECTION 12.0 11.9

Solvent, CH2C]2; Extraction time, 4h.

Graded pepper (samples 1-8) were obtained from the export trade (G.S. Chatoor & Co,, I.td.) in the
course of 1982. Estate collections were obtained from Wariyapola estate (sample 9-12) and small
holdings in the Matale district (samples 13-17).

results are calculated from two separate determinations, viz; {i) mother liguor
(containing small amounts of piperine) and (ii) mother liquor plus added piperine, this
value for recovery is acceptable.

This confirmed the_conclusions of Govindarajant and taken together with his
sensory evaluation data establishes the credibility of the method.
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3.5 Comparison of results of tlc-uv spectrophotometer and tle-uv densitometric
methods

The great disadvantage of the tlc-uv spectrophotometric method is the tedious work
involved in scraping out the silica gel, eluting piperine into CHCl, and centrifuging
prior to spectrophotometry. The tlc-uv densitometer obviates the need for these
operations and experimental requirements are limited to scanning of the tlc plate at
the appropriate wavelength and determination of peak area from the recorded chart.
Further the sensitivity of the densitometer method is a great advantage as the quantity
of material required is one tenth that of the tlc-uv method thus enhancing separation.
Results of both methods tally very closely (Table 3).

4. Discussion

Two methods are now available for the routine analysis of piperine in pepper. The
methods are very similar with respect to the separation of the piperine spot but differ in
the final quantitative step.

The paper also provides a bank of data illustrating the high levels of piperine in
Sri Lanka pepper - generally in the range of 7-15% as against 2-7% for the commercial
Indian, Malaysian and other varicties. There appears to be a strong case for the
inclusion of piperine content in our certificate of export in order to fully exploit this
favourable natural quality of our pepper.

The paper is important at this juncture as the introduction of high yielding
Kuching (Malaysian) and Panniyur (Indian) varieties to local plantations is now being
advocated,! these varieties are not known for high piperine levels. In fact the literature
reports the piperine content of the Panniyur variety to be in order of 3-5%.6 It is
foreseen that the replacement of the indigenous variety with the new cultivars although
resulting in a significant increase in pepper vield will also result in a decline in oleoresin
and piperine yield.
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R. C. JENNINGS
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Brighton, U.K.

(Date of receipt: 04 October 1982)
(Date of acceptance: 17 March 1983)

The presence of a coumarin in Micromelum cevlanicum (Sinhalese Walkarapincha)
was reported earlier? Previous work?3 on Micromelum species (Rutaceae) have
revealed the presence of coumarins, alkaloids and flavanoids in leaves and stems. In
this study, the methanol extract of the fresh leaves yielded four coumarins.

The methanol extract of the fresh leaves was concentrated under reduced pressure.
The residue on chromatography onsilica gel yielded (a) Fractions 12-14 (Chloroform)
containing coumarin 1, (b) Fraction 15 ((ﬁ.‘]‘}lorofmm} containing coumarin 11,
(c) Fractions 18-20 (Chloroform/ 2% methyl alcohol) containing coumarin L1 and
(d) Fraction 17 (Chloroform) containing the previously isolated 7-[4'(4"- methyl -5
oxo - 27, 5" - dihydro - 2” - furyl) - 3’ methyl - 2" - butenyloxy] coumarin (IV)3
Coumiarin | was obtained as a pale yellow crystalline solid m.p. 96-97°C. Its high
resolution mass spectrum (MS) showed the molecularionat m/z 312 corresponding to
the molecular formula CisH20:.The structure was confirmed by comparison of 'H
NMR and mass spectra reported for 1.V Coumarin 1l was obtained as while needles
m. p. 66-67°C (softens at 63°C). Its high resolution MS showed the molecular ion mjz
at 312 corresponding to the molecular formula of T viz, CisH00s The structure was
confirmed by comparison 'H NMR and MS reported for 11!. The two compounds
differ in the position of double bonds at 2,3 and 3,4. Coumarins I and II were
previously isolated from Machaeranthera scabrella (Greene) Shinners (Compositae)
by Bohlmann et al.”’and from Ferula diversivittata (Umbelliferae) by Kieseleva et al®’

5 Present address @ Department of Chemistry, McMaster University,

Hamilton, Ontario, Canada.
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Coumarin III was obtained as a white crystalline solid from water, m.p. 220-224°C,
The structure was confirmed by comparison with an authentic sample of
umbelliferone* (m.m.p., TLC). This is the first occasion that coumarins I and II are
reported in the family Rutaceae.

I'H NMR spectra were recorded on a HA - 100 MHz spectrometer. Chemical shifts are
reported in ¥ scale relative to TMS as internal standard. MS were recorded on a
Varian CH 5 instrument. Plant material was identified by Mr. D. T. Ekanayake,
Superintendent, Roval Botanical Gardens, Peradeniya, Sri Lanka,

Isolation of Coumarin I. Fresh leaves (700 g) collected in Dambulla, Sri Lanka. in
February 1982 were macerated with methanol. After filtering, the residue was
extracted with methanol in a soxhlet extractor for 18 hours. The combined extracts
were concentrated under reduced pressure. The residue was chromotographed on
silica gel 60 (70-230 mesh) ASTM Merck and eluted successively with light petroleum
(60-80°C), benzene, chloroform and chloroform /2% methyl alcohol. Fractions (12-
14) after standing for a few hours and trituration with a little methanol yielded a solid.
The residue was taken up in acetone/methanol, decolourized with activated charcoal,
concentrated and allowed to cool. The solid was collected and recrystallised from
methanol/ether to give pale yellow needles (0.5g), m.p. 96-97°C (lit"" m.p. 91°C);
MS:m/z 312, 297, 256, 174.9,161.9, 151, 135, 123, 109, 95, 83, 67, 54.9: high resolution
MS:m/z 312.1364 (C H,0 requires 312.1362); HNMR (CDCl); 6.24I(L1.3-||_J =95 Hz),
7.58(d, 4-H,J =9.5Hz), 7.37(d, 5-H,J =9Hz), 6.85 (m, 8-H), 4.24 (t,I"-H,J =6.7).
3.10 (t(br)2' - H), 6.10 (s(br)6’ - H),6.17 (s(br)4’ -H), 1.90(d, 8 -H,J =1Hz).2.20(d,
9'-HJ = 1Hz),2.00(d, 10 -H,J = 1Hz), IR (KBr): 1k720, 1610 (coumarin) cm-1.

Isolatien of Coumarin II: Fraction 15 crystallized on standing for a long time and
triturating with ether. The solid was collected dissolved in ether/methanol, clarified
with charcoal and concentrated. The crystalline solid was further recrystallised from
chloroform/light petroleum (60-80°C) and acetone/light petroleum (60-80°C) to give
a pale yellow solid. The final clarification was effected by dissolving the solid in
ether/light petroleum (60-80°C) I:1 and passing down a column of alumina (1" yBDH.
The eluate on concentration yielded white needles (0.6g) m.p. 66-67°C (lit. L7 m.p.
63.509): MS: m/z 312, 297, 256, 244, 162, 150, 134, 121, 107, 95, 83, 67, 55; high
resolution MS:m/z 312. 1364 (C H,0O, requires 312. 1362); '"HNMR (CDCl); 6.22(d,
3-H,J =9.5Hz),7.62(d,4-H,J =9.5Hz),7.35(d, 5-H.J =9Hz), 6.85 (dd, 6-H), 6.80
(d, 8-H), 4.66 (d(br) It-H,J = 6.5Hz), 5.60 (t(br)2’ - H), 3.18(s,4' -H), 6.1 (m,6' -H),
1.87 (d, 8’ -H), 2.15 (d, ¥ -H), 1.79 (d, 10’ -H), IR (KBr) : 1722, 1615 (coumarin) cm-!.

Isolation of Coumarin ITI: Fraction 18-20 solidificd on evaporation and standing for a
week. This was triturated with ether to give alight brown crystalline solid. This was
recrystallised from boiling water as needles (0.5g) m.p. 224°C (lit'm.p. 223-224°C).
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Isolation of Coumarin IV: Fraction 17 yielded a solid which on recrytallisation from

acetong;’light petroleum (60-80°C) gave IV as a white crystalline solid (0.5g), m.p.
1250C.

B %
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Fatty Acids of Winged Bean, Psophocarpus tetragonolobus
(L.) DC
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Winged bean, Psophocarpus tetragonolobus (1..) DC, is a crop that grows easily,
quickly and yields abundantly. Its green pods, leaves and tuberous roots are rich in
protein and are edible. The bean’s seeds are a potential source of edible oil.

Because of its multiplicity of uses and the relative ease of cultivation, winged
bean is receiving considerable attention especially in Sri Lanka and other tropical and
sub-tropical developing countries. The winged bean’s growth potential has been
likened to that of the soybean. Soybean has risen from neglect to one of the world’s
premier protein sources in less than 60 years.

Whilst numerous studies have been reported on the composition and
nutritional aspects of pods and leaves of winged bean, reports on the composition of
its seed 0il™**"* have been relatively few and sometimes contradictory. Here, we report
on the lipids and fatty acids of six varieties of winged bean, grown in Sri Lanka.

Seed Samples

Seeds from six varieties of winged bean, namely TPT-2, S-40, U-53, U-62, U-31 and
L-133 were obtained from plants grown on an experimental basis at
Angunukolapellesa, Sri Lanka. The seeds were harvested in January 1981.

Extraction of lipid and preparation of methyl esters
Oil was extracted with petroleum ether (b.p. 40-60°C) !

To prepare methyl esters the oil (1 g) was refluxed with dry benzene (3 ml) and
methanolic sodium methoxide (0.5M. 6 ml) for 45 min. The esters were extracted in

the usual way.*

Gas chromatography

Gas chromatography was carried out on a Varian Model 2440 chromatograph
equipped with a flame ionisation detector and using glass columns (1.8 m x 2 mm i.d)
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packed with 10% SP 2340 coated on 100/ 120 chromosorb W AW. The column was
maintained at 190°C. Argon was used as the carrier gas at a flow rate of 30 ml min-!.

Urea crystallisation

Esters (1 g) were crystallised at 0°C, overnight, from a solution of methanol (30 ml)
containing urea (5 g). After filtration and washing with methanol saturated with urea,
the filtrate was concentrated by. heating under reduced pressure. diluted with water
(25 ml). and esters extracted thoroughly with diethyl ether (2 x 25 ml). The combined
ether extracts were washed with water (10 ml) before final removal of solvent.

The adduct released its esters when mixed with water (50 ml) and these were
extracted with ether (2 x 50 ml) as described for the filtrate.

Silver ion chromatography

Silver ion chromatography was carried out on plates (20 x 20 cm) coated with silica gel
G (1 mm thick) containing silver nitrate (109%). A mixture of benzene and hexane
(70:30) was used as the developing solvent. After development, the plates were dried in
a gentle stream of nitrogen and sprayed with an ethanolic solution of 2/, 7" - dichloro-
fluorescein (0.2% w/v). The separated components appeared as yellow bands on a
purple background when viewed under ultraviolet light. These were scraped off and
the esters extracted with ether..

Identification of fatty acids

The structural assignments shown in Table | were based mainly on the gas
chromatographic behaviour (equivalent chain length) of the methyl esters and
comparison with authentic standards. These conclusions were confirmed, in part, by
dividing the esters by urea fractionation into an adduct of saturated and monoene
esters, and a mother liquor enriched in polyene esters. Further evidence was obtained
by hydrogenation results and also by separating the esters according to unsaturation
by silver ion thin layer chromatography.

The nature of our gas chromatography column was such that 20:1* overlapped
with 18:3 (n-3). We divided this peak between its monoene and triene components on
the basis of information obtained in the urea fractionation, where all of the monoene
esters and some of the polyene esters is present in the urea adduct and the remainder of
polyene esters but none of the monoene esters is present in the mother liquor. This
division was supported by the proportion of 20:1 to that of 18:1 in the monoene ester
fraction separated by silver ion chromatography.

Component acids of the oil

Table 1 shows that the fatty acid composition of winged bean oil differs from that of
other common seed oils in that it has appreciable quantities of the long-chain acids

*  Fatty acids are reported in shorthand; the first figure shows the number of carbon atoms in the chain and
the figure after the colon shows the number of double bonds.
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20:0 (range 1.5-2.3%, mean 1.9%). 22:0 (range 13.2-18.29, mean 15.3%) and 24:0
(range 2.3-4.9%, mean 3.6%). Groundnut oil contains all three of these, but at much
lower levels, the three together making up 4-99% 1! Occurrence of as much as 18% of
behenic acid (22:0) in winged bean oil is interesting, as such high levels of this acid have
not been found in any other seed oil. Winged bean oil is also atypical in the presence of
the long-chain monoene acids 20:1 (range 2.3-3.0%, mean 2.6%) and 22:1 (range 0.6-
1.3%, mean 1.09%).

On the average 68 of the winged bean fatty acids are unsaturated, the major
unsaturated acids being oleic acid, 18:1 (range 32.5-35.9%. mean 34.2%); and linoleic
acid, 18:2 (range 25.9-30.8% , mean 28.9%). Apart from 20:0, 22:0 and 24:0, the main
saturated acids in winged bean are palmitic, 16:0"(range 5.8-7.2%, mean 6.5%) and
stearic 18:0 (range 4.0-5.1%, mean 4.4%).

Although Cerny and co-workers? previously reported the presence of a 18:4
acid, which they considered to have anti-nutritional properties, we do not find
evidence for occurrence of 18:4 acids in any of the six varieties of winged bean
examined by us. Gas chromatography of winged bean methyl esters did not show any
peaks indicative of 18:4 even after concentrating the polyunsaturated esters by urea
crystallisation. Silver ion chromatography too failed to produce a fraction
corresponding to tetraenes, confirming the absence of 18:4 acids.

Varietal Differences:

U-53 and L-133 have the highest oil content (2&)‘4% on the weight of dry seed) and
appear to be the best winged bean varieties for extraction of oil.

However. the fatty acid compositions of the oils extracted from the different
varieties do not show any significant differences.
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Manuscripts and all correspondence relating to
them should be sent to:

The Secretary, Editorial Board,

Journal of the National Science Council of Sri
Lanka, i
47/5, Maitland Place, Colombo 7,

SRI LANKA.

EDITORIAL POLICIES

Submission of Papers: Papers are accepted for
editorial consideration with the understanding
that they have not been published, submitted or
accepted for publication elsewhere, Papers
accepted for publication may not be published
elsewhere in the same form, either in the
language of the paper or any other language,
without the consent of the Editorial Board.

Research papers, Papers read at Symposia and
Reviews may be submitted to the Editorial
Board. Research papers should describe

original investigations or technological
achievements., Reviews should be critical
evaluations of existing knowledge in a

specialised field. The Journal also accepts short
communications. They should be submitted if
the results are of sufficient importance to merit
publication in advance of a full paper.

Languages of Publication: Sinhala, Tamil and
English.

Refereeing and Editing: All material submitted
is examined by two or more referees prior to
publication. Papers are edited to increase
clarity and ease of communication. In
preparation for the press, particular attention

is paid to grammar and the conventions of the
Journal with regard to symbols, illustrations,
tables, references and nomenclature.

Manuscripts submitted for editorial
consideration can be processed expeditiously if
they conform from the outset to the style of the
Journal. Authors are therefore advised to
Jollow closely the form described in these
Instructions.

PRESENTATION OF MANUSCRIPTS

No maximum length contribution is
prescribed but papers should be written clearly
and concisely. All unnecessary textual matter,
figures and tables must be eliminated. In
general, the impersonal form should be used.

Supplementary material of a detailed nature,
which is not essential in the printed paper, but
may be useful to other workers, may be
deposited with the Secretary. Such material
will be made available to other scientists on
request and a note to this effect should be
included in the paper.

The paper should be reasonably subdivided
into sections, and if necessary, sub-sections.
The following pattern is suggested for Research
Papers: (a) Introduction (b) Experimental (c)
Results (d) Discussion (¢) Conclusions (f)
Acknowledgements (g) References. In many
cases, two of sections (b), (¢) and (d) can be
combined. When a separate Discussion is used,
it should not recapitulate the results but discuss
their significance and relation to the object of
the work and to the work of other people.
Conclusions should not merely repeat
preceding sections.
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Special care must be taken in citing references
correctly, Responsibility for the accuracy of
these rests entirely with the authors. It is the
author’s
permission to reproduce material which has
appeared in another publication.

FORM OF MANUSCRIPTS

Manuscripts should be submitted in
triplicate —including the original typewritten
copy — typed throughout in double spacing on
one side of the paper only. Adequate margins
should be left (4 cm) with liberal spacing at the
top and bottom of each page. The typescript
should be free of corrections.

Headings of major sections should be centred
and sub-section headings should be placed on
the left of the page. The complete set of
headings and sub-headings in an article should
be numbered following the style adopted in this
Journal and the set should reflect the logical
development of ideas.

Paging: Each page of the manuscript should be
numbered and the name of the first author and
page number indicated in the upper right-hand
corner of the page. .

The first page should contain the article title,
the name(s) of the author(s) and name and
address of the establishment where the work
was carried out. In the case of co-authors,
respective addresses should be clearly
indicated. Female authors sheuld include one
of their given names. The title should be concise
but informative. The first word of the title
should preferably be one useful inindexing and
information retrieval, Where a series of related
papers is submitted, each individual paper
should * have the same general heading,
followed by a series number and title of the
part. Any footnote to the title should be given
at the bottom of this page.

The second page should contain an abstract (of
not more than 250 words) which should be a

responsibility to obtain written
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summary of the entire paper, not of the
conclusions alone and intelligible without
reference to the paper itself. The text should
begin on page three and each subsequent major
section—references, figure legends and table
legends should begin on a new sheet,

The last page should contain (a) a note as to the
number of manuscript pages, figures and
tables, (b) proposed running title of less than 42
characters (letters and spaces) and (c) the name
and mailing address of the person to whom the
proofs should be sent.

Illustrations: All illustrations are considered as
figures and each graph, drawing or photograph
should be numbered in sequence with Arabic
numerals. Authors must submit the original
and two duplicates of each figure. Figure
should be planned to fit the proportions of the
printed page (12 x 17 cm).

Figures must be drawn in Indian ink on plain
white paper or board or tracing paper, not
larger than 20 x 30 cm. Drawings should be
lettered with a lettering set; lettering should be
kept large enough to be legible after a reduction
of 50 to 609%. If this is not possible, all letters
and numerals must be inserted clearly and
lightly in blue pencil and not in ink.

Each figure should carry a legend so written
that the general meaning of each illustration
can be understood without reference to the
text. The amount of lettering on a drawing
should be reduced as far as possible by
transferring it to the legend. Figure legends
should be typed on a separate sheet and placed
at the end of the manusecript.

Graphs should be plotted on white or blue--
lined graph paper or tracing cloth; grid lines
that are to be shown in the engraving should be
inked in black. The caption of each axis should
be lettered parallel to its axis. Each figure
should be identified in the margin with author’s
name and figure number. The preferred
position of all illustrations should be indicated
in pencil in the manuscript.
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Photographs: Half-tone illustrations should be
included only when essential. Good glossy
prints with sharp contrasts between black and
white areas should accompany the
manuscripts; they should not be attached to
manuscript pages. The size should be such that
when the print is reduced to the normal size for
reproduction (12 x 17 em maximum), the detail
is still clear. Magnification should be indicated
with a scale line on the photograph. The
author’s name and figure number should be
given on the back of each photograph.

Tables should not repeat data which are
available elsewhere in the paper. Each table
should be typed on a separate sheet with due
regard for the proportions of the printed page.
They should be numbered consecutively with
Arabic numerals. Tabulated matter should be
clearly set out and the number of columns in
each table should be kept as low as possible.
Tables should have legends which make their
general meaning clear without reference of the
text and all table columns should have
explanatory headings. Units of measure should
be indicated in parentheses in the heading of
each column. Vertical lines should not be used
and horizontal rules used only in the heading
and at the bottom. A one-column table may be
up to 42 characters (letters and spaces) wide. A
two-column table may be 90 characters wide.
Footnotes to the tables are to be placed directly
below the table and should be indicated by
superscript lower-case italic letters (g, b, ¢, etc).
Each table should carry on the back of the sheet

the author’s name and figure number, The’

preferred position of tables should be indicated
in pencil in the manuscript.

References to the literature must be indicated
in the text by a small superior number referring
to the list of references which must be inserted
on a separate sheet at the end of the paper. The
list should be arranged in alphabetical order by
author and numbered in Arabic numerals, All
author’s initials must be given after surnames.
The year of publication should follow in
parentheses. When journal articles are listed,
the journal name should be abbreviated in

accordance with the World List of Scientific
Periodicals 1900-1960, 1972, 4th edn. London:
Butterworths Scientific Publications. If the
Journal is not in the list, the name should be
given in full. The abbreviated journal title
should be underlined to indicate italic type, and
followed by the volume number underlined
with a wavy line to indicate bold type, the issue
number in parentheses and then the inclusive
pages. When books are listed, the order should
be: author(s), year, book title, volume number,
edition, pagination/inclusive pages, place of
publication and publisher. When sections of a
book are listed, the order should be: author (s)
of section, year, the word /n followed by author
of book, book title, volume number, edition,
inclusive pages, place of publication and
publisher. The series title of a book should be
given in parentheses after the publisher.

Examples:

Journal - ANGMOR, J. E., DICKS, D. M,,
EVANS, W. C. & SANTRA, D. K.
(1972) Planta Med. 21(4): 46-420.

Book SCHOKMAN, D. (1966)
Vegetable growing: local and exotic
varieties, 29 p. Colombo: Agriculture
Department.

Section of

Book - ZITNAK, A. (1973) In Chronic

cassava toxicity: proceedings of
an interdisciplinary workshop,
London, England, 29-30 January
1973, pp. 89-95. Ottawa;:
International Development
Research Centre. (IDRC-00¢),

Footnotes which are indispensable should be
iridicated in the text by small superior figures
and listed on a separate page in the manuscript.

Abbreviations and Symbols recommended in
the various parts of British Standard 1991:
Letter symbols, signs and abbreviations should
be used. Authors areencouraged to use the S. I.
System of units (see description in British
Standard PD 5686: The use of S. I Units).


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Authors whose papers contain mathematical

expressions should submit a list of the symbol

used carefully and clearly indicated for the
. guidance of the printer. This list will not appear
'in print.

Foumulae and Equations: Equations should be
typewritten and quadruple spaced. They
should be started on the left margin and the
number placed in parentheses to the right of the
equation.

Nomenclature: Seientific names of plants and
animals will be printed in italics, and should be
underlined in the manuscript. In the first
citation, genus, species and authority must be
given e.g. Tylenchorhynchus claytoni Steiner.
In later citations, the generic name may be
abbreviated to its initial letter. e.g. T. claytoni.

Special instructions in the fields of Physical,
Chemical and Medical Sciences are available
on applications to the Secretary.
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Short Communications: The Journal may
include a limited number of short
communications. Authors should submit short
communications only when they believe that
rapid publication of their results is of the
utmost importance. A'short communication
must not exceed 1,200 words, i.e. 4 pages of
copy inclusive of illustrations and tables. Short
communications should be complete in their
own right and suitable for citation. The title
should indicate the content clearly as these
papers do not carry abstracts.

Proofs: Corrected galley proofs must be
returned to the Secretary without delay as
directed. Failure to do so will result in delay in
publication. Correction of proofs by authors
must be restricted to printer’s and similar
errors. They should be marked in pencil. Any
modification of the original text is to be
avoided. Responsibility for correcting proofs
rests entirely on the authors though editorial
assistance will be provided.

Reprints: 20 reprints will be supplied free of
charge for each article. Additional reprints can
be ordered on the reprint order form which will
accompany the proofs.
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