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Abstract :  From Symplocus racemosa Roxb. oleanolic acid, acetylolesnolic acid,
betulinic acid and ellagic acid have been isolated.

1. Introduction

Symplocus racemosa Roxb. is a small tree or shrub belonging to the natural order
Styraceae. The leaves are 5 X 1§ ins in dimension, obtuse, coriaceous. It is found at
elevations of 4,500 ft in N.E. India, Burma and China. The sample under investi-
gation was purchased in the local market. This is also called Srimata and Tilaka
because of its use in India for making the Tilaka mark on the forehead. Extracts of
the bark of S. racemosa have been used in Ayurvedic medicine for phlegmatic
diseases, leprosy, gum diseases especially bleeding gums.!

Earlier work on the species have indicated the presence of glycosides.*® saponins,’
and alkaloids.® Petroleum ether and ether extracts of S. racemosa afforded a
high yield of betulinic acid with smaller amounts of acetyloleanolic acid and
oleanolic acid. The cold methanolic extract yielded ellagic acid. The structures
were arrived at from analytical data, IR, NMR and mass spectral data together
with the fragmentation pattern.? Final confirmation was obtained by direct com-
parison with authentic samples.

- 2. Experimental

Acetyloleanolic acid. The dried shavings of the bark of S. racemosa (600 g} were
extracted with petroleum ether (60°--80°C) in a soxhlet apparatus during
18 hours. Evaporation of the solvent gave a solid (20 £) which was dissolved in
chloroform and clarified by passing through a half inch layer of neutral alumina in a
wide tube. The eluate which showed several spots in TLC was evaporated and the
residue crystallised from methanol.
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Recrystallisation from chloroform/petroleum ether gave colourless needles.
(10g ; 1.6% of dry weight of bark) m.p. 276-—78" (lit. 268°)® [«]*%p + 70 (lit. £ 70
+ 1.5)%; IR 1690, 1740 cm!. The mass spectrum showed a peak at m/fe 452
which is M—46 (most likely M—HCOOH) (Found : C, 76.87 ; H, 9.91% Calc.
for (H, 0, : C, 77.10 ; H, 10.04%). The NMR spectrum gave the following
signals & 5.3 (m, LH) vinyl proton at C;, 4.5 (t, 1H) C, proten, 2.0 (s, 3H) methyl of
the acetate, 0.8 (s. 3H), 0.86 (s, 9H), 0.96 (s, 6H}, 1.0 (s, 3H) 7 methyl groups. The
product on hydrolysis gave oleanolic acid m.p. 308—9° (lit. 306—8°)° identical in all
respects with an authentic specimen of oleanolic acid.

The methyl ester of the above compound was prepared by treating the compound
with excess dizzomethane and had a m.p. 221—23° (lit. 223).> The NMR spectrum
gave the following signals : & 5.3 (m, 1H) vinyi proton at Cy,, 3.6 (s, 3H) ester
methyl ; 202 (s, 3H) methyl of acetate. The mass spectrum showed the melecular
ion mfe 514 and the fragmentation pattern was identical to that shown by AP
unsaturated olecanenes.?

Oleanolic acid. The mother liquor after the separation of acetyloleanolic acid and
evaporation gave 3 spots on TLC corresponding to the Ry values of acetyloleanolic,
oleanolic acid, betulinic acid. These were chromatographed on silica gel and
progressively eluted with benzene, henzene/chloroform and chloroform. Fractions
30—33 from chloroform on evaporation gave oleanolic acid m.p. 308°—309° (lit.
306—8°)* undepressed on admixture with authentic oleanolic acid.

Betulinic acid :  After extraction with petroleum ether, the bark was exhaustively
extracted with ether during 18 hrs. The residue (18 g) which had separated on the
sides of the flasks was collected, dissolved in chloroform and filtered through a thin
layer of aluraina (3 in). The eluate was evaporated and the residue crystallised
from ether/methanol and finally from ethanol as needles m.p. 307—8° (lit. 304—21°)3
(10g. 1.6% of dry weight of bark). The NMR spectrum contained the following
signals : & 4.6 (d, 2H) J = 3Hz vinyl protons. 1.62 (e, 3H) methyl group attached
to CH,—C=CH, 0.68 (s, 3H), 0.78 (5, 3H), 0.88 (s, 6H), 0.92 (s, 3H) 5 methyl
groups; TR 1690, 1640, 3440 ¢m™! (Found : C, 78.40: H, 10.84 ; E,,H. 0,
requires €., 72.97 ; H, 10.52%). The mass spectrum showed the molecular ion
m/e 456. The identity of this compound was confirmed by the direct comparison
with an authentic specimen of betulinic acid, (m. p.; mixed m. p. TLC).

Acetate of betulinic acid ;  The betulinic acid on acetylation with acetic anhydride
pyridine at room temperature gave needles m.p. 278° (lit. 287—91)° [x|p®© + 23°
(CHCL) dit. [a]p?® + 22 & 2°).* The NMR spectrum contained the following signals:
S5 4.66 (d, 2H) J = 3Hz, 2 vinyl protons ;: 4.45 (s, 1H) C; proton ; 2.0 (s, 3H)
methyl of acetate, 1.7 (s, 3H) methyl group of CH,—C=CH,; IR, 1690, 1735,
1640 cm~1. The mass spectrum showed the molecular ion of m/e 498 and the rest of
the fragmentation pattern is identical to the pattern shown by Lupenes.”
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Methyl ester of betulinic acid : The betulinic acid on methylation with excess
diazomethane gave the methyl ester m.p. 218° from petroleum ether (lit 223°).2

Ellagic acid :  From the cold methanolic extract of S. racemosa, ellagic acid
was obtained, which after crystallisation from pyridine gave needles (m.p. 360°)
tdentical with authentic ellagic acid (TLC).
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Changes in Polyphenols, Amino Acids and Volatile Compounds
during Fermentation and Firing in Orthodox Processiug of Tea

R. L. WICKREMASINGHE, A. EKANAYAKE, C. C. RAJASINGHAM AND
M. JAYANTHI DE SILVA
Tea Research Institute of Sri Lanka. Talawakelle, Sri Lanka.

(Paper accepted : 28 November 1978)

Abstract : In the orthodox manufacture of tea, prolongation of fermentation leads to a
reduction in the solubility of the tea polyphenols due to increased binding with other
tea leaf cell components ; the period of fermentation has no effect on total amino zcid
content. On firing, the bound polyphenol and the total amino acid contents increase
and there is also a considerable loss of volatile compounds.

1. Introeduction

Polyphenols, amino acids and volatile compounds play an important role in deter-
mining the character of tea%* but detailed studies of the quantitative changes in these
classes of compounds which occur at various stages of fermentation and on firing
have received insufficient attention. As was first pointed out by Roberts,! polyphenols
undergo dramatic transformations during fermentation, and the amino acids are
converted to compounds which are partly responsible for the aroma of tea. It is
also to be expected that some of the essential oils, which contribute in a significant
way to tea flavour will be lost at the high temperatures employed in the firing stage of
processing, but the extent of this [oss is unknown. The present investigation presents
the results of the first systematic study of the progressive oxidation of polyphenols
and changes in the amino acid content, after various periods of fermentation, and the
extent of loss of essential oils during firing.

2. Materials and Methods

Flush of clone TRIL 2024 collected in dry weather during early February 1977,
was tat-withered for 12 hours and rolled in orthodox mini-rollers having a capacity of
14 kg withered leaf. The leaf was first preconditioned for 10 min and then rolled
under pressure for 15 min. First dhool* samples were removed after periods of
fermentation of 30, 60, 90, 120 and 150 min. Part of each of these samples was
fired, and each of the five samples of dhool and black tea respectively, analyzed for
contents of total polyphenols, vanillin-reacting polyphenols, amino acids, and
essential oils.

*Dhools = ferrnentmg leaf mass
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2.1. Estimation of polyphenols and amino acids

Samples of dhool (10g) and fired tea (5g) respectively were extracted with 50 ml of
boiling absolute alcohol for 10 min. The extract was decanted and the residue
re-extracted twice more in a similar manner, after which the three successive extracts
were pooled and made up to 250 ml. The residue after extraction was then extracted
with boiling aqueous (809 v/v) alcohol three times successively, the successive
extracts pooled, and made up to 250 ml. Each pooled extract was analyzed for
total polyphenols and vanillin-reacting polyphenols according to the methods
described by Swain and Hillis® and for total amino acids by the method of Yemm and
Cocking.®

2.2. Estimation of essential oils

Essential oils were collected by steam distilling 200g sampies of fermented dhool and
50g of the corresponding fired dhool. One thousand ml of steam distillate were
collected, after which it was saturated with sodium chloride and the essential oils
extracted with peroxide-free diethyl ether (3 x 100 ml). The ethereal extracts were
dried with anhydrous sodium sulphate and the weight of essential ¢il determined after
distilling off the ether at 38°C. Loss of essential oils was calculated on the dry
weight basis of dhool and black tea.

3. Resulis
3.1. Total polyphenols

Analysis of total polyphenols extractable by absolute and aqueous alcohol, respec-
tively, from dhools after periods of fermentation varying from 30 min to 150 min
together with the results of analysis of the corresponding fired tea, are shown in
Table 1.

TasLe 1. Changes with time of fermentation of total pelyphenols in dhools and
black tea (mg/g dry weight)

Time of Absolute alcohol Aquecus alcohot Total
fermentation extract extract
{rnin) Dhool Black Tea Dhool Black Tea Dhool Black Tea
30 242 111 85 239 327 350

o0 229 79 102 258 331 337
%0 199 59 124 253 323 3i2
120 198 33 112 276 310 295
150 180 28 122 265 302 293

Total polyphenols estimated by the method of Swain and Hillis3, using Folin-
Ciocalteau reagent.
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The results indicate that in dhools a greater proportion of polyphenols were extrac-
table by absolute than by aqueous alcohol and that this pattern was reversed on
firing. It is also seen that periods of fermentaion greater than | h lead to a decrease
in the amount of extractable polyphenols and this trend is more marked in black tea
than in dhools.

3.2. Vanillin-reacting polyphenols

Table 2 depicts the results obtained with vanillin-reacting polyphenols corresponding
to those shown in Table 1 for total polyphenols.

TasLe 2. Changes with time of fermentation of vanillin-reacting polypheuols
in dhools and black tea {mg/g dry weight)

Time of Absolute alcohol Aqueous alcohol
fermentation extract _ extract Total
{min) Dhool Black Tea Dhool Black Tea  Dhool Black Tea
30 125 50 41 120 166 176
60 106 39 44 121 150 160
90 o8 28 49 113 147 141 -
120 88 18 48 121 136 139
150 7T 14 49 116 126 130

Va]?illin- reacting polyphenols estimated by the method deacrib;d by Swai:;a_nd

Hillis.3

The results show the same trend as in Table 1 with regard to the differential extraction
with absolute and aqueous alcohol. The decrease of extractability with increasing
time of fermentation is also evident, but tc a much greater degree than with total
polyphenols.

3.3. Total amino acids

Table 3 shows the results of analyses for total amino acids in aliguots of the extracts
previously examined for content of polyphenols.

TasLe 3. Changes with time of fermentation of total amino acids in dhools
and black tea (mg/g dry weight)

Time of Absolute alcohol Agueous alcohol
fermentation extract _ extract Total

{min) Dhool Black Tea  Dhool Black Tea  Dhool Black Tea
30 8 5 5 i 4 Boigguil 7 gy
60 7 4 6 i6 13 20
90 6 3 6 17 12 20
120 6 A ¥ 17 13 20
150 7 3 6 16 13 19

Total amino acids estimated by the ninhydrin method of Yemm and Cocking,6é by
reference to a standard curve prepared with g—alanine.
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The results show that firing leads to a decrease in total amino acids extractable by
absolute alcohol, while the amount extracted by aqueous alcchol is significantly
increased. It is also seen that firing leads to an increase in total amino acids, which
is independent of the period of fermentation.

3.4. Essential Qils

Table 4 depicts the weight of steam distillable essential oils in samples of dhool
before and after firing to black tea.

TasLe 4. Changes with time of fermentation of essential oils in
dheols and black tea

Time of
fermentation Dhool  Black Tea % Loss

(min) (mgfg dry wt) (mg/g dry wt)
30 0.13 0.12 8
60 0.20 0.08 68
90 0.19 0.12 36
120 0.24 0.08 - 65
150 0.26 0.19 28

The results indicate that there is a considerable loss of volatile compounds on firing.
Discussion

The polyphenols, and particularly the vanillin-reacting polyphenols, are responsible
for the brightness and quality of tea liquors and their progressive decrease as the
period of fermentation exceeds 1 h confirms the undesirability of unnecessary
extension of fermentation. The decrease is particularly relevant in the production
of instant tea where a decrease in extractability would seriously impair the economic
viability of the process technology.

The results of differential extraction with absolute and aqueous alcohol indicate
that firing leads to binding of the polyphenols to other components of the tea leaf.
Such binding is indicated in the finding that aqueous, but not absolute alcohol,
extracts the greater part of the polyphenolic compounds. This interaction is the
primary cause for the reduction of astringency in black tea as compared to dhools,
and suggests that differential extraction could provide a laboratory method for
monitoring changes of astringency with fermentation time.

The increase of amino acids on firing is due to chemical and enzymic hydrolysis
of protein at the elevated temperatures used, and their easy solubility in aqueous
alcohol suggests that these amino acids are, for the greater part, bound in complexes
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containing polyphenols, proteins, and other compounds. Such complexes are
likely to make an important contribution to the colour of tea liquors, and their
formation is one of the useful reactions which occur during firing.

Essential oils are the class of compounds which are mainly responsible for the
aroma of tea, and their considerable loss during firing would, at first sight, appear to
be a disadvantage. However, tea aroma is due to a very complex mixture of
compounds, some of which detract from flavour,* and the loss of these detrimental
compounds may be expected to result in improved flavour. Recent work® has
provided a means of recovering the essential oils lost during firing, and it has been
found that these include compounds which could be used to enhance natural tea
Havour.
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Alkali Treatment of Paddy Straw. Effect of Energy and non-
protein Nitrogen Supplementation on Digestibility and Intake

by Sheep

M. C. N. Javasuriya

Department of Animal Husbandry, Faculty of Agriculture, University of Peradeniya
Peradeniva, Sri Lanka.

(Paper accepted : 01 February 1979)

Abstract : A feeding trial with crossbred sheep, to investigate the influence of energy
and nen-protein nitrogen supplementation of sodium hydroxide treated paddy straw,
on digestibility and voluntary intake, is reported. Untreated or treated straw supple-
mented with urea in concentrate, urea in concentrate and molasses, or urea
dissplved in molasses were compared. The treatment having urea in concentrate
carried 18 g urea/100 g concentrate while the itreatment having urea in molasses
contained 3.6 g urea in 7.0 ml of molasses diluted in 100 ml swater/100 g
straw. Molasses solutions were sprayed in the same manner as sodium hydroxide.
Alkali treatment significantly increased both dry matter and organic matter
digestibility. Addition of meiasses increased the digestibility of untreated siraw but
depressed the digestibility of treated material. However, supplementing alkali treated
straw with molasses increased dry matter intake by 34 % compared to untreated
material. Combining urea with molasses did not result in any additional advantage.
It is conciuded that alkali treatment can substantially increase the feeding value of
paddy straw. Addition of molasses as practised in factory-scale production of
treated straw pellets may lead to an increase in digestible energy intake and a higher
energy balance.

1. Introduction

A major limiting factor in the production of high guality proteins through animal
agriculture is the shortage of suitable feedstuffs for these animals. This is parti-
cularly true to Sri Lanka where the tropical climate encourages rapid growth and
the subsequent overmaturity of plant material suitable for livestock raising. How-
ever Sri Lanka, like many developing countries, produces large quantities of
highly lignified plant byproducts, such as paddy straw, sugar cane bagasse and grain
hulls, which are high in energy yielding cell wall material, but often little used as
feedstuffs for ruminants.

Paddy straw the largest annually harvested agricultural by product in Sri Lanka,
is little used as an animal feed because of its low nutritive value. Chemical proce-
dures have been elaborated in recent yearsfor upgradingpoor quality roughages??8.12.14,
and sodium hydroxide (NaOH) treatment has been claimed to be the most effective..!!
Recent trials in Sri Lanka’ have indicated that paddy straw can be successfully
upgraded in feeding value, to a medium guality hay by spray treatment with sodium
hydroxide sclution.

The experiment presented in this paper was designed to investigate, the influence
of energy and non-protein nitrogen supplementation of scdium hydroxide treated
paddy straw (variety H4), on digestibility and voluntary intake by sheep. 6 g of
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NaOH dissolved in 120 ml H,0/100 g straw was selected as the level of treatment,
as results from the previous trial” suggested that optimal treatment level for paddy
straw variety H, would be between 4 to 8 g of NaOH carried in 120 ml H,0/I00 g
straw.,

2. Experimental

Paddy straw, variety H,, chopped into 20 to 50mm lengths, was treated with 6g of
NaOH dissolved in 120ml water per 100 g straw according to the method previously
described’” but without neutralization of excess alkali. The experiment was designed
as a completely randomized block experiment with six treatments, each treatment
having three replicates. Treated or untreated straw was supplemented with urea,
either in concentrate component of the ration or sprayed along with molasses,
(viscosity—14,500 centipoise, at 26.5°C, density—1.37 gfem?®) (Table 1). The
molasses solutions were sprayed in the same way as sodium hydroxide. Urea
(18 g/100 g concentrate) when added increased the crude protein equivalent of the
concentrate (ground maize) to 609,

Air dried treated or untreated straw was given to appetite in amounts 10%, greater
than the previous days intake. The amount of concentrate supplementation was
fixed (100 g/animal/day) and contributed approximately 209 of the total dry matter
intake.

The digestibility of straw rations were determined using Jaffna Bikaneri female
sheep of average live weight 23.0 kg. All animals had access to ad lbitum water and
a standard mineral mixture (bone meal, shell grit powder and salt in the ratio of
5 :3 :2) throughout the experimental period.

Housing of animals collection of faeces and urine and sampling of feed for chemical
analysis was as described earlier.” In addition to dry matter, ash, crude protein and
crude fibre, samples were also analysed for acid detergent fibre, cellulose and silica
by the method of Goering and Van Soest.*

The digestibility of straw organic matter was calculated by assuming the organic
matter digestibility of the concentrate to be 85%.

TapLr 1. Composition of rations used in the feeding trial

Ingredients Treatments
Untreated straw Treated straw

Treatment number 1 2 3 4 5 6

Amount of NaOH 0 0 0 6 6 6
(g/100 g straw)

Volume of water 0 0 0 120 120 120
{ml/100 g straw)

Quantity of molasses 0 7.0 7.0 0 7.0 7.0
(ml/100 m] water)

Amount of urea in molasses 0 0 1.6 0 0 3.6
(2/100 g straw)

Concentrate fed with straw 100 100 100 100 100 100
(g/animal{day)

Amount of urea in concentrate 18.0 18.0 0 18.0 18.0 0

(g/100 g concentrate)
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3. Results

The composition of straw rations and concenirate are shown in Tables 1and 2. The
consumption of treated straw had no adverse effect on the health of animals.

Alkali treatment of straw significantly (P < 0.001) increased both dry matter and
organic matfer digestibility. Addition of molasses appeared to increase the digestion
coeflicient of untreated straw (though not significantly) but depressed the digestion
coeflicient of treated material. Combining molasses with urea did not result in any
additional increase in digestibility than molasses alone.

The maximum intake of straw was attained in about 10 days and remained fairly
constant thereafier. Though alkali treatment by itseif did not significanily increase
the intake of straw dry matter, supplementing alkali treated straw with molasses
increased dry matter intake by 349/ compared to untreated material. An increase
in dry matter intake was also observed with untreated material when molasses was
added to it, but this increase was proportionately lower than the increase in intake
observed with treated material (Table 3).

The consumption of treated straw did not influence the voluntary intake of water
and the output of urine.

4. Discupssion

The derived digestibility of untreated straw organic matter in the present experiment
was higher than the value reported earlier” for the same variety of straw. This
could be presumably due to the fact that the straws came from different harvests.

Although alkali treatment significantly (P < 0.001) increased the organic matter
digestability of straw, the response to treaiment was lower than the values reported
earlier (17 vs 19 to 28 percentage digestibility units) for paddy straw variety H, treated
under similar conditions.” This could be due to the higher initial digestibility of
the straw. As suggested by Mwakatundun® and Jayasuriya,® response to alkali treat-
ment could be inversely related to the digestibility of the untreated siraw. Similar
observations were also made by Jayasuriya and Owen® for barley straw treated with
a dilute solution of sodium hydroxide by a method similar to that of Beckmann.!

The depression in digestibility of molasses supplemented treated straw diets could
have been due to the higher intake recorded in these treatments. It is also possible
that the presence of a readily available source of energy was detrimental to rumen
microorganisms leading to the depression in digestibility. The combination of
molasses with urea did not result in an increase in digestibility than urea alone
(Table 3), presumably because of lack of any additive effect of these two nutrients.’
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In contrast to the findings reported earlier? alkali treatment in the present experi-
ment did not bring about a significant improvement in dry matter intake. It is
possible that the higher level of sodium hydroxide used (6 g in the present experiment
compared to 4 g/100 g straw in the former) influenced dry matter intake. 1t has
already been suggested,!? that high levels of sodium hydroxide in treated straw may
increase the osmotic pressure in the rumen liquor leading to an inhibition in microbial
activity. This in turn could reduce the rate of passage of digesta and influence
voluntary intake. As suggested by Rexen and Thomson,!? the most appropriate
sodium hydroxide dosage would therefore be around 4 g/100 g straw.

The factory-scale manufacture of treated straw pellets would often necessitate the
use of molasses® to function as a binding agent as well as to mask the unpleasant
flavour of urea that may have to be added to the treated material at the time of
processing in order to raise the crude protein equivalent of the finished product.
In this context, it is important to note the increase in voluntary intake due to the
addition of molasses to alkali treated straw, despite a lowering in digestibility. A
greater intake even with a lowet digestibility would often mean a higher energy
balance when the material fed is in ground and pelleted form.!?

The estimated metabolizable energy (ME) content of about 8.86 MJkg DM
(Table 3) suggests that the treated straw diets in the present experiment could be
comparable in feeding value to a grass hay of moderate to high digestibility. A
material of such feeding value when given to appetite would be able to satisfy both
maintenance and production energy requirements of a 400 kg cow producing 10 kg
milk/day. Thus, treated straw appears to have considerable application as a replace-
ment for good quality fodder in most dairy cattle rations.
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Abstract : Zome chemical characteristics of fresh and salt-dried product of Tilapia
mossambica Peters were studied.  Tifapia was found to have a much higher carbo-
hydrate content than other fishes hitherio anaiysed, and this is correlated to its feeding
habits. It appears that there is a loss of protein and carbohydrate in the preparation
of its salt-dried product. 1t is suggested that this loss may be due o the leaching out of
soluble proteins and carbohydrates into the brine solution in which the fish are soaked
overnight in the process of preparation. The amounts of protein, carbohydrate and ash
in the salt-dried product was found to be significantly different from that of the fresh
muscle. The calorific value of the salt-dried product, gram for grarm, was found to be
about 1.8 times that of the fresh fish.

i, Introduction

The chemical composition of fish is known to be dependent on a number of
environmental factors, both physico-chemical and biological. Most studies on the
chemical composition of fish have been carried out on marine species and on anadre-
wmous salmonids. Studies on freshwater fishes are rare and fow.

Studies on the chemical composition of a number of species of fish from Sri Lanka,
both marine and estuarine, have been carried out by Lantz and Gunasekera® and
Peiris and Grero.11.15 However, these workers based their determinations on a single
sample of a number of individuals pooled together of each species and did not
attempt to correlate their findings to size or to any other variable. Perera and de Silva 13
on the other hand, studied the chemical composition of young grey mullet, Mugif
cephalus 1., with a view of evaluating the effect of food regime and salinity on the
chemical composition. Urugoda and Kottegodal? estimated the histidine content of
skipjack tuna in an attempt to correlate adverse reactions to the drug isoniazid in
groups of patients with a high histamine content in the blood as a result of consump-
tion of skipjack tuna.

Tilapia mossambica Peters is an exotic species which was introduced into Sri Lanka
in 1952.5 This species has primarily contributed for the increasc in inland fisk
production over the last decade, which at present accounts for 109/ of the total,
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and still is the mainstay of the freshwater fisheries, particularly in the dry zone
reservoirs.t0  However, the total daily caich is not marketed as fresh fish and &
significant propertion is converied into its salt-dried preduct, mostly along the
hanks of the reservoirs.

This paper is the first of a series initiated to investigate the chemical characteristics
of fishes of Sri Lanka and their products and also to evaluate the effects of environ-
mental factors on the same. In the present papei, the results of studies on some
caemical charactaristics ol I messambica and its salt-dried product are presenicd.

<. Materials and Mlethods

All fish used in the present study were obtained from fishermen at the time of capture,
from the Colombo (Beira) lake. Fish were brought to the laboratory in ice and the
total fength and the gutted weight for individual fish determined, the former to the
nearest Smm and the laticr to the nesrest 0.1g. A randem sample of the collection
was used for chemical analyses of fresh fish and the remainder was utilized for the
preparation of the sult-dried product.

For chemical apalyses of [resh fish, individual fish were filicted, and from the
right fillet a portion of the muscle, devoid of skin and bone, from the centre was
tuken, weighed to the nearest mg and dried at 80° to a constant weight. From these
data, the moisture content of the muscle was obtained. For determination of other
constituents, the dried muscle was finely ground using a Potter-Elvehjem homogeniser
and aliquots of the ground material were used.

Salt-dried fish wers prepared according to the methods adopted by the fishermen
of Parakramsa Samudra, Folonnaruwa, The gutted fish were scated and washed well
and split inte two., The split fish were put inic a fine cloth, containing ground
common salt and shaken either wey for about 10 minutes, until the fish were well
coated with sali. The salt coated fish were then kept overnight in a brine selution
(3 : 1 by weight} and then dried in the sun for 3 days untii it was crisp to touch.
From the salt-dried fish, 2 portion of the muscle was taken from the corresponding
region as eatlier, from the right half, and dricd in an oven at 80° to a constant weight.
The dried muscle was finely giound and aliquots used for chemical determination.

The chemicel determinations that were carried out were for protein, carbohydrate
and total lipid. Protein wés quantified according to Raymont ef al, 1% carbohydrate
according to Dobois er /% both specirophotometrically and lipid using the gravimetric
method of Folsch er al.7 For the estimation of profein, carbohydrate and lipid
40 to 50mg, 5 to 10mg and 80 to 100mg of dried material respectively, werc used.  All
determinations were carried out in tripiicate. The standards used in the estimation
of protein and carbohydrates were bovine serum albumen and glucose monohydrate,
respectively. Ash content was determined by combusting 200 to 300mg aliquots
of the dried muscle at 500° for 12 b in a muifle furnace.
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3. Results

All resulis are expressed, in the present study, as percentagy of the moisture free
muscle, in relution to the fresh fish weight or the salt-dried fish weight as the case
may be.

The moisture content of fresh and sait-dried muscle of 7. mossambica plotied
against the wet weight of fish is shown in Figure 1. It is evident from the figure that
in fresh muscle there is a decrease in the percentage of water with increasing weight
of the fish wwhile the reverse occurs in sali-diied fish.

As ihe percent piotein, carbohydrate, fotal lipid and ash appeared to show 2
tendency to decrease or increase, as the case may be, with increasing fresh fish weight
and salt-dried fish weight, the linear relationship of the latter to the above parameters,
were calculated and are given in Table 1 for cach type.  However, it is seen that the
increase or decrease of any of the components, cither with fresh or dried-fish weight,
as the case may be, is small as indicated by the slopes and is not statistically significant
in any of the instances,

Tasrr | —Statistical relationship of different constituenis to fish weight in
fresh and sali-dried ThHapia mossambica and  statistical significance of the

relationships.
Constituent Fresh fish Salt-dried fish Significance
Fresh Salt-dried
% Moisture —0.01 X + 79.43 0.37 X + 20.95 n.s. BLE
% Protein 0.006X - 74.68 0.10 X + 56.6 .8, n.s.
% Carbohvdrate 003 X4+ 971 0.004X 4 3.93 n.s. n.s.
% Total lipid —0.01 X + 445 004 X+ 231 n.s. n.s.

% Ash —0.0t X + 7.73 —0.05 X 4 32.05 .s. n.s.

Because of the above observations and for easy reference and comparisons the
mean and standard deviation for each of the components for the two groups are
given in Table 11, Also included in the Table are results of statistical tests carried
out to test for the significance of the difference between the means of fresh and salt-
dried muscle for each chemical component. It is clearly evident that the difference
cbserved between the means, except for total lipid, for each component is significantly
different in the two types of muscle. The relationship of the yield of salt-dried fish
to the original fresh weight is shown in Figure 2. It is evident from the figure that in
the preparation of the salt-dried product of T. mossambica there is approximately
a 50% loss in weight.

From Table Iand Table II, it is evident that there is significantly s higher
percentage of protein and carbohydrate in fresh fish compared to salt-dried fish, the
latter having a higher proportion of ash.
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Figure 1. Relationship of percent moisture to fish weight of fresh and salt-dried Tilapia mossambica.
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TabLe 2—The mean, range and standard deviation of different chemical constituents of frosh
and salt-dried Tiapia mossambica and results of analysis of variance to fest the significance of the
differences in the means for each component.

(Results are expressed in ¢ moisture free weight, where relevant)

FRESH SALT DRIED
e d.f. t )
Mean Range 5.D. Mean Range 5.D.
ProTEIN 76.65 67.82 —81.26 253 6344 4341 —6763 S04 39 24 001

CARBOEYDRATE 11.66 9.33 — 1560 207 4.07 267 — 468 079 46 3.04 9.00!
ToraL Lreip 405 201 — 504 096 362 271 — 502 071 47 1385 ns.
001

sy
-1

AsH 692 438 — 784 1.16 2992 247 —35985 379 500

4. Discussion

Very few authors have attempted to treat the variation of individual constituents to
the size of fish. Balbontin ez al.’ too found that percentage of protein, carbohydrate,
total lipid and ash to vary oaly slightly with growth in both wild and reared. voung
herring.  Similar conclusions were arrived at by Perera and de Silval® for Af.
cephalus and by Ehrlich* for larval plaice.

Considering the chemical composition of fresh 7. mossambica it is evident that
there is a decrease in percent moisture with growth. This is a general phenomenon
known for fish, and have been recognised for almost ali fish specics studied. Bal-
bontin ef al.' even recognised different phases in the life-cycle of herring where the
moisture content decreased at different rates with growth.

The most striking difference in the chemical composition of 7. mossambica
when compared to other fishes, for example herring, grey mullet, plaice, cod, etc. is
the comparatively high carbohydrate content of its muscle (mean 11.66%; s.d. 2.07).
Carbohydrates are generally stored in the liver as glycogen as well as in fish muscle.®
Fish has shown digestion of carbohydrate to be more efiicient in 7. mossambica, a
herbivore, than in Perca fluviatilis, a carnivore. Nagasse!> working on the same
species has shown that lipase activity but not protease activity was affected by the
diet ; the activity of lipase increasing significantly when fed on a carbohydrate
rich diet. These authors, however, did not estimate the carbohydrate content of
the muscle. It is known that the diet may influence the chemical nature of the
muscle.” The ability to digest cellulose has been demonstrated for at least one
species of Tilapia viz. T. nmilotica.® It is conceivable that T, mossambica, which
feed on a rich cellulose diet (Costa and Abayasiri, in the press), has a correspondingly
higher carbohydrate content in its muscle.

The low level of total lipid indicates that 7. mossambica is a ‘non-fatty’ fish. It is
further exemplified by Figure 3, which shows an inverse relationship of percent mois-
ture to protein, that is typical of non-fatty fishes. Similarly, the percent ash in the muscle
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TFigure 2. Relationship of the sali-dried fish weight to its original fresh weight.
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of T. mossambica is lower than that known for marine and estuarine species. It is
kngwn that although the relative ionic composition of ali animals tend to be the same,
the tetal ienic compositon iends to be higher in marine and estuzrine species, as
reflected by the osmotic pressure.

When the salt-dried product is taken into consideration, the most striking difference
is the significant reduction in protein and carbobydrate as opposed fo ash. 1t is
chyvious when results ars exprassed in percentages, that even when there 13 an absolute
increase in only one of the components, the others must decrease correspondingly.
It is possible that in the preparation of the salt-dried product, particularly when
the fish is soaked overmighit in a strong brine solution, there could be a leaching out
of a certain proportion of soluble prct..:us and carbohydrates from the muscle and
an influx of sodium chloride. 'When the process of preparation was repeated with a
fresh batch of fish apd the brine solution tested qualitatively for the presence of
protein and ‘.-arbo.gydrm.e it was found to be positive as opposed to the conirol
selution.

Waterman (1976} in his review on the preparation and quality of dried fish, has
poiuted ont that the amount of salt that is incor porated into the fish is a determining
factor of the shell-life of the product. It would be profitable to investigate the
optimum salt content that is necessary for maximum shelf-life for different species of

1

e to reduce the soaking time for the fish in brine.  More-
inging about a reduction of the amounts of protein and
”‘al'bi)il}’dfhtf‘ leaching out, but at the same time not sacrific ing its shelftlife.  The
Tow level of fat in the muscle of 7. mossamhica proves it to be an ideal species for
conversion into dried-fish, as it would not tend to turn rancid for a leng time.!8

fish, so that it may be possibl
over, this could resuli in br

Finally Tahle Il gives a comparison of the calorific value in Keals, computed by
using conversion fabiois recommended by the International Biclegical Programme,'®
{protein 5.5, Keals/g ; carbohydrate 4, 1 Keals/g ; lipid 9.5 Keals/g), of 100 g of
fresh T mossambica and 100 g of the salt-dried product is about 1.8 times that of the
fresh fish. However, this alone does not convey the whole plcture 1t is known
that zccording to our normal eating habits the weight of dried fish consumed at a
normal meal is about one-fourth that of fresh fish. Further, dried fish is slmost
always more expensive than its fresh counterpart. ‘Therefors, it appears that
.Urrlilonally it will b2 mors profitable to eat frosh fish when the choice is available,
atleast in the case of Tifapia, ¥ would be in terestj‘*lg to investigate whether thereis 2
parallel difference in the nutritive value of salt-dried product of other species of fish.

TapLy 3-—Composition and the corresnonding calerific value of 100g of fresh and salt-dried
Tilapie inossambica

CONSTITUENT

Water Protein Carbohydrate Lipids Ash Total
g XKecals g Keals g Keals £ Keals g Kcals Kcals

Fresh muscle 7825 -— 1606 808 277 1136 1.85 G88 151 — 10212
Salt-dried muscle 58.55 — 27.56 151.58 1L.79 733 271 2565 976 —  184.56
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Figure 3. Relationship of percentage water to the protein content of fresh T\ mossambica.
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Cyanocobalamin in Human Cord Blood and Family Income

5. DISSANAYAKE
Department of Biochemistry, Faculty of Medicine, University of Peradeniva,
Peraderniva, Sri Lanka.

{(Paper accepred : 09 February 1979)

Abstract 1  Cyanocobalamin levels were determined in human cord blood obtained
from 23 mothers of very low family income and 31 mothers of average income. The
cyvanocobalamin content of cord blood n the very low income group was found to be
significantly less than that of the average income group.

1. Iotroduction

Cord blood is known Lo contain more cvanocobalamin than comparable maternal
biood.! Itis also known that, in some species, nutritional deprivation of the mother
during the second half of pregnancy results in small placentas.?  In this investigation,
cord blood cyanocobalamin content of two socio-economic groups were compared.

2. Materials and Methods

Placentas and cord blood were obtained from 54 subjects at the time of delivery.
They were from the General Hospital, Kandy. The criteria for classification was
faumily income. Monthly family income of Rs. 250/- or less has been considered as
very low income and a monthly income of Rs. 300/- to Rs. 600/- as average income.
Twenty three subjects belonged to the lower income group.

From each placenta, excess blood was blotted off, the membranes trimmed, the
umbilical cord cut within 2 cm of it’s origin and the weight determined. Cord blood
was allowed to clot, serum separated and stored at —20°C. Maternal weighis and
birth weights were also recorded.

The cord blood cyanocobalamin levels were determined by the method of Green
et al?

3. Resuiis and Discussion

Table | compares the maternal weight, birth weight. placental weight and cord blood
cyanccobalamin levels for the two income groups. The lower income group had a
significantly lower cord blood cyanocobalamin level than the average income group.
The maternal, birth and placental weights were also lower, but not significant. There
was no significant relationship between cord blood cyanocobalamin level and placental
weight.
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Tase 1. Comparison of Maternal Weight, Birth Weight, Placental Weight and
Cord Blood Cyanocobalamin of the two Income Groups.

Monthly Income '

Less than Rs. 250/ Between Rs. 250/-

b PR e Y [ ; * e __and Rs. 600/~
Maternal weight (Kg) mean + S.D. 475+ 42, N = 20 499 + 54, N = 30
Birth weight {(g) mean + S.D. 2691 + 445, N = 23 2774 + 382, N =29
Placental weight (g) mean + S.D. 358 4+ 87, N = 23 385 + 87, N = 31

Cord blood cyanocobalamin,
(pg/ml)

*Szénif;cam difference, t = 2.118, significance level = 0.05.

N = Number of subjects.

mean 1+ S.D. 468 + 254* N = 22 652 + 3484 M = 30

The average cord blood cyanocobalamin content in the present series is less than
that reported by Rosenthal and Wilbois.* Such variations are to be expected in
the light of differences in racial, economic and nutritional factors.
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Field Distillation of Cinnamon Leaf il
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A. MakuMupov* anp N. 8. K. RAMASUNDARA

Natural Products Section, Ceplon Institute of Scientific and Industrial Research (CISIRY),
Colombo, Sri Lanka.

(Paper accepted : 13 February 1979)

Abstract : The distillation of cinnamon leaf oil in Sri Lanka is an important industry
with a business turnever of at least Rs. 20 million/annum. However, none of the
distillation systems employed at present arc efficient. This paper deals with field
sti:dies made on traditional systems of distillaticn as well as the CISTRTIL Manakoka.
It also details the design and testing of a new condensing system which has resalted in o
cinnamon leaf oil stiil (called the CISIRILL Boitaré) that has proved to be far more
effective than any other essential oil still now in operation.

1. Intreduction

Y

The distillation of cinnamon leaf oil has a long history in this country, covering a
period of more than half a century. The industry, which comprises small cottage: e
type stills, is still expanding and as many as 160 stills were in opelation in 197§, - <

Put in more meaningful terms, this amounts to 225 still body units each capable of
using 250 to 350 kg/leaf. The technology and distribution of stills and availabifty
of raw material (which have been described in detail elsewhere?) shows the following
salient features. (1) Most of the cinnamon leat (2 by product of the cinnamon bark
industry) available is used for the distillation of leaf oil whilst about 20 % 0 30% of
the leaf being either unused or used as fertiliser. (2) There are 4 types of stills in the
field which are used for the distillation of cinnamon leaf oil - (@) the traditional
cinnamon leaf type A still (Negombo), (b) the traditional cinnamon leaf type B still
(Ambalangoda-Galle), (¢) the traditional citronella type still (Galle-Matara) and
(d) the CISIRILL Manakcka. The design of these stills has been described else-
where.s

It was recognized in 1970 that the industry would be greatly benefited by the
design of a cheap and efficient still ; a situation which led to the design and cons-
truction of the CISIRILL Manakoka.?

The basic rationale used for the design of the C. Manakoka was threefold. (1) In
the dry zone (Hambantota), the distillation of citronella Ieaf oil was often curtailed
due to lack of water therefore a water sparing still would be of tremendous benefit
to the country. (2) Reduction of the size of the static water condensor eliminated
the need for the costly laige ground tanks, which are used for condensation in the

*Soviet Consultant Engineer on loan to CISIR.
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traditional cinnamon type B and the traditional citrovella type and so reduces
the cost of construction of the distillation systern. (3} Upgrading the technology of
the industry by improving still designs and using more suitable materials of construc-
tion which would lead to incragsed yvield and a better guality of oil.  The systemn had
been: applied to all leafl essentizl oil distillations {cinnamon, lemon grass, citroneils
and eucalyptus} availuble in the country.

Howaever, the system did not work as envisaged, dug to malfunction of its condonsing
systemn resulting in frequent overheating of distiilate.  In addition, studics done in
this laboratory very clearly showed? that the rate of distillation plays a very important
role 1 the recovery of cinnamon leaf oil ;| good recoverics were possibic only with
igh rates of distillation. Therefore, it was imperative that any new system of distii-
fation should have an efficient condensing system.

This paper describes fleld studies made on the traditional systems of distillation
and the CISIRILL. Manakoka which led to the design of the new still, the CISIRILL
Boitaré {modified Manakoks). The irials carried out with this new siill are zalso
1eportea.

2. Fxperimental
2.3. FKield Distiliations.

In these experunents, the stills were operated by the authors. Measurements taken
were ¢ (i) furnace temperature (by a pyrometer), (1) rate of distillation, (iil) rate
of oil recovery, (iv) temperature of distillation, (v) temperature of condensor water
and (vi) mass of charge.

2.2. Determination of Vield and Efficiency.

Yield (94 V/W} was calculated by measuring total charge of leaf (kg) and total vield
of oil (litres). Efficiency of oil extraction was calculated by sampling the leaves
used for the distillation® and carrying out a laboratory distiliation of the leaves and
twige for oil content {after separaiion and determination of leaf : {wig ratic) by
the methods described previously.! Efficiency was then calculated by the following
equation,

Yield of oil (% V/W) in feld

Eificiency
Yield of oil (% V/W) in laboratory
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3. Results and Discussion

3.1. Field Trials on Traditional systems

Studics on traditional system A (Dzlugama stili) showed that the condensing system
was ineffective and overheating of distiilate occurred towards the end of the distilla-
tion. Yields of 0.6 % to 0.75 % were observed. Distillation time was 8h to 10h and only

¢ distillation could be done per day (the limitation being the condensor).

in traditional system 3 (Ambalangoda), a field trial was carried out on a still in
Meetiyagoda and results contained in summary form appear in Table 1. No detailed
studies were done on traditional system C {Citronella type), but it was observed that
yieid was very low 0.49% to 0.6 7o Both types B and C have the disadvantage of
having high costs of construction, muinly due to their static water condensors which
are ground tanks of upto 10,000 galions capacity.

TasLe 1. Field Distiliation of Cinnamon Leaf Oil
Typical Results
- Si&tem ‘Time of Distillation  Yield Efficiency

(hours) 04) 2

1. Traditional F 1.08 63
2. Manakoka (1) 7 0.65 41
3. Manakoka (2) 7 0.77 45
4. Manakoka (3) 6.5 0.78 49
5. Manakoka (3)* 6.5 1.15 67
6. C.Boitare 5 1.25 72
7. C.Boitare 4 1.25 72

*Higher rate of distillation with changes in condenser water.

3.2. Field Trials on the Manakoika

The main principie of the condensing system of the Manakoka was that most of the
heat from the vapours would be transfered to the water of the latent heat exchanger
(static water condensor of 400 gallons capacity). The condensed water would then
be cooled in the air condensor. However, in practice, this did not work as envisaged
at rates of distiliation of above 800 mil/min, when there could be drastic o theating
of the distillate (Table 2).

Field trials have shown that the main problem of the Manakoka was that the latent
heat exchanger was faulty, because :

1. the capacity of the static water tank was too small,
2. the arrangement of the condensing coils was not satisfactory,

3. the length of condensing coil was insufficient.

3—17018
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Tapte 2. A Typical Manakoka Field Trial

Time Rate of Yield of Temperature Temperature
(h) Distillation il of L.HE. of
(ml/min) {ml/min} (cC) Distillate
(eC)
0.25 780 0.5 61 33
.5 840 2.5 63 33
0.75 700 5.0 68 34.5
1.0 510 5.1 74 33
1.25 580 53 78 34
1.50 560 7.0 80 35
1.75 870 11.0 80 36
20 530 7.0 82 34
2.25 720 9.0 84 37
2.5 380 8.0 85 39
PETR 500 7.0 85 37
3.0 800 7.0 86 47
3.25 1020 18.0 86 91
3.75 680 2.0 88 70
4.25 800 0.5 84 60
4.75 550 1.5 86 60
5.5 330 2.5 59 50
6.0 625 55 90 98
6.75 570 1.0 89 64

.__']"-(:\{:;iﬁargé_ _ 702 1bs, Yield of oil _—.E__Botg.lcs (7 hours),
2 yield - 0.77 after 7 hours distillation.

3.3. Design and Functioning of a New Condensor

Studies in the laboratory showed that the arrangement of condensing coils was the
vital factor in the system. Using 2 gallon scale models of the condenser, it was
found that if the condensing coils were evenly distributed or positioned at the bottom
of the tank, then the water in the tank (and the condensate) is gradually heated up
by the steam (produced by a steam generator) and after a short time (2h) the tempera-
ture of the tank reached 90°C and condensation did not take place. On the other
hand, if the coils were arranged mainly on the surface of the tank then most of the
heat is transfered to the upper surface of the static tank from which evaporation
can take place. Distillation could then proceed for a much longer time (4h) before
the distillate became overheated.

Using this principle a new condenser was designed and incorporated into an old
Manakoka system still, where this condenser replaced the Latent Heat Exchanger
and the air condenser. This system has been named the Prototype CISIRILL
Boitaré where the dimensions of the condenser are as follows :

Size of static water tank — 1000 gallons {450 L)

2. Length of condensing tube — 90 ft 30 M)

Diameter of condensing tube — 27/(Sem) for 40 ft (13 M) and 17" (2.5cm)
for 50 ft (16 M)
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A most important feature of the system was the very special arrangement of the
coils of the condenser which allowed for maximum heat transfer at the surface for
the condenser (Figure 1, top plan)

Using this new condensor in the field trials it was found that steam entering the
coil at the top of the condenser gave off most of its heat at the top surface, provided
that sufficient tube length was available at the surface. The condensate quickly
heated up the surface water to the range of 80°C to S0°C, at which temperature, a very
fast rate of evaporation and therefore considerable loss of heat took place. At the
same time, because the density of hot water is less than that of colder water, there
was little mixing of water in the static condenser. As a result, the water at the bottom
of the condenser was relatively cool and since sufficient length of condenser coil was
available for heat transfer, the temperature of the cmergent condensate was only
slightly above room temperature (Table 3).

TasLe 3. Time course study of distillation of C. Boitarél prototype

Time  Raie of  Yicld of  Temperaturc of Temperature of
Distillation Oil Condenser Distillate
(v (ml/min) (ml/min} {top) (°C) (°C)
1 2 1 2 1 2 1 2
0.25 Pt s te .
1000 1055 4+ 15 64 72 35 36
0.5 800 1285 5—8 13 72 76 32 38
0.75 900 1290 0—12 13 78 a0 36 38
1.0 825 7 84 36
1.25 1150 12 82 37
15 1425 15 87 41
2.0 830 1100 56 5 34 9% 37 39
25 1050 w10 3 68 88 37 42
3.0 950 1080 3 Z 88 37 45
35 1000 1150 3 + & 37 44
4.0 700 825 2 I 88 37 2
4.5 500 + 38 37
4.75 940 s 88 37
5.0 890 -+ 9 39

_:_t race. An c'xg'apolahon of tile&é- results show that 2, 1, 5, 0-5 bottles of
oil were obtained in the tst, 2nd and 3rd hours respectively in the 2and trial.
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TaBLe 4." The performance of CISIRILL Boitaré prototype

© Trial 1 Trial 2
Charge (lbs) 564 560
Yield (bottles) 4{12%) 4(1.2%)
Time of distillation (h) 5 4
Time of Initial Heating (h) 1 1

The still body was loaded with 7 bundles of cinnamon leaf {approxi-
mately BO Ibs each) and choking was avoided. The furnace was fired
t0 a maximum using firewood for the first 1 (o 13 hours, so that a very
high rate of distillation was achieved thereby putting the condenser to
the stiffest possible test.

The performance of this still is summarised in Table 4, and a diagram of
the prototype C. Boitard! is shown in Fi gure [.  This still has been operating in
Dodanduwa from December 1977 and continues to give results similar to those given
in Table 4. The still can be operated twice a day. but one precaution has to be taken,
viz, about 500 gallons of water must be replaced from the upper part of the condenser
each day to prevent overheating, if the still has to be used for two or more distillations/
day.

Studies with the prototype still have led to further refinements for the new system
of distillation. It has been decided to maintain the Manakoka principle of keeping
the still body, steam generator and furnace in one unit. as this is as effective as an
external boiler and costs less. However, the vapour outlet of the still body will be
increased to accommodate the increased rate of distillation. There will also be a
slight increase in coil length of the prototype, to give a total length of 35 M, and the
condenser coils as in the case of the Manakoka, will be constructed out of aluminium.

4. Conclusions

As a result of the incorporation of the new condenser, no overheatin g of the distillate
was observed even at the high distillation rates of 1000 to 1200 ml/min. The advantage
of the new system may be summarised as follows :

Efficient cooling of distillate.

Water sparing (compared with traditional system)

Reduced distillation time, permitting more distillations per day.

Lower cost of construction.

Higher yield.

Maintains advantages of Manakoka of having the still body-steam generator
2 furnace in one unit and also have better materials of construction than the
traditional system. '

SN B b RO
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Qestrus Response and Pregnancy rate Following Prostaglandin
and short term Progesterone intravaginal Device Treatment in

Buffaloes (Bubalus bubalis)
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Department of Animal Hushandry, University of Peradeniya,
Peradeniya, Sri Lanka.

{Paper accepted : 13 February 1979)

Abstract : Eighteen cycling buffalo cows having functional corpora lutea were
treated with a single intramuscular injection of 30 mg of prostaglandin Fpe. The
oestrus response and pregnancy tate following treatment were 16.6% and 11.17%;,
respeciively. Sixteen randomly selected post partum cows were treated with a pro-
gesterone intravaginal device, for 12 days. 10 mg of oestradiol 17 # in 5 ml of ether
was also injected at the time of insertion of the device. The retention rate under
field conditions was 72% and 1009% when housed. Seventy seven percent of the
cows which retained the device for 12 days, returned to oestrus within 4 to 5 days after
removal of the device. The pregnancy rate at 90 days after mating was 62%;,. The
results indicate that short term progesterone intravaginal device treatment is more
relisble than prostaglandin for synchronising oestrus in buffaloes.

1. Introduction

Prostaglandins and short term progesterone intravaginal device treatments are both
effective in synchronising oestrus in cattle. Fixed time inseminations after either or
these treatments result in normal fertility.2.#:11 These results suggest that the above
treatments can be used to synchronise or induce oestrus in Asian water buffaloes
(Bubalus bubalis), where oestrus detection is often difficult due to poor manifestation
of external signs of oestrus. Limited research studies on the efficacy of prostaglandin
and its analogues in buffaloes have shown that a single injection given between day
5 and 14 of the cycle or the double injection regime given 11 or 12 days apart, irres-
pective of the stage of cycle, are effective in synchronising or inducing oestrus.
However, the fertility rates following natural service or fixed time inseminations at
induced oestrus were only about 33%.45.7 The use of short term progesterone
intravaginal device treatment for synchronising or induction of oestrus in buffaloes
has hitherto not been investigated.

The purpose of this study was to determine whether single intramuscular injection
of prostaglandin F,,, and short term progesterone intravaginal device treatments
were as effective in inducing oestrus in buffaloes as in cattle and to examine pregnancy
rates by natural service at induced oestrus.
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2. Experimental

Experiments were conducted at the National Livestock Development Board Farm,
Ragedera, Malsiripura, in the Kurunegala District. Two hundred fomales and
11 males, pure Surti buffaloes imported from India in two batches in May 1976 and
July 1977, are maintained in this farm. There is adequate green pasture/fodder of
improved varieties for feeding and grazing. Miltking animals are fed with a concen-
trate ration made ot 35% coconut poonac and 659% rice bran along with mineral
mixture. Adequate water is available for wallowing and drinking. The method of
breeding is by cbservation for cestrus symptoms such as swelling of the vulva, vaginal
discharges, etc, by an experienced farm Superintendent. Regularly bulls are taken
round 1he females, morning and evening, tc aid in heat detection. Females that are
in oestrus are detained and served by these bulls. A wooden travice is used to
facilitate stud services, Initially rectal examination of 635 buffzlo cows were per-
formed randomly to determine their cyclical state and pregnancy status. PRased on
this, 34 animals were selected for this study.

2.1. Experiment 1,

Eighteen non pregnant buffalo cows with palpable corpora luiea in their ovaries weore
selected. All animals were treated intramuscularly with a single injection of 30 mgof
prostaglandin Fyx (Upjohn, U.S.A.). All treated cows were housed and observed con-
tinuously over a period of 5 days for signs of oestrus. Different bulls were taken
round these cows thrice a day, also two bulls at a time sometimes, to provoke jealousy.
The flehumen, mounting, vaginal discharges, etc, were noted. If a bull showed
sexual exciternent after flelunen, the cows were taken to the travice and served naturally.
Rectal palpations were done 90 days after mating to determine the pregnancy.

2.2. Experiment 2.

The study involved 16 non pregnant buffalo cows randomly selected without reference
to their ovarian activity. A 6.75% progesterone impregnated Silastic intravaginal
device (Abbott Laboratories) was inserted intc the vagina with a help of a plastic
speculum and a plunger lubricated with hibitane cream (ICI). The external genitalia
was scrubbed and a disinfectant was applied before inserting the device. Ten mg
of ocestradiol 17 £ in 5 ml of ether was also injected at the time of insertion of the
device to cause early luteal regression. The devices were left in plece for 12 days
and were removed by pulling the string attached to the device which was left protru-
ding from the vulva. All cows were sent for free grazing and wallowing after inser-
tion of the device except for 5 cows which had to be housed due to management
problems. The cows were observed for signs of oestrus during the treatment period
and after removal of the device. The heat detection procedure was similar to experi-
ment 1. All cows which showed external signs of oestrus and receptivity to the bull
were naturally served at the induced oestrus. Rectal palpations were done 90 days
after mating to determine the pregnancy.
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3. Results
3.1. Experiment 1.

The results are summarised in Table 1. Of the treated animals only 16.6%; showed
receptivity to the males. The vaginal discharges were scanty or none ai all. The
mean interval to cestrus after prostaglandin injection was 54 hours. A lack of
interest was shown by the bulis to mount the rest of the cows. Pregnaricy rate was

11.1%.
TasLe 1. The incidence of oestrus and pregnancy
rate following single intramuscular injection of 30 mg
of prostaglandin Fyy in buffaloes

Mo. of animals treated 18
No. exhibited oestrus ... 3
Mean interval to oestrus in hours 54
No. diagnosed pregnant at 50 days 2

3.2, Experiment 2.

The results are summarised in Table 2. None of the cows showed signs of oesfrus
while the device was in place. The overall retention rate of the device wa: 81%.
Seventy three percent of the cows which were sent for free grazing and wallowing
retained the device while all animals that were housed, retained, Seventy seven
percent of the cows which retained the device {or 12 days returned to oestrus between
the 4th and 5th day after removal of the device with a2 mean interval to oestrus of
102 + 10 hours. The fertility rate based on preginancy diagnosis by rectal palpation
90 days after mating were 629%.

Tasre 2. Retention rate, incidence of oestrus and pregnancy

rate following progesterone intravaginal treatment in buffaloes

Mo. of animals treated 16
Proportion retaining device (%) 81.2
Proportion showing oestrus s1gas (%)

(@) Overal! 62.5

(b) Among those retaining device 77.0
Mean interval to oestrus (hours) 102 4 10

Pregnancy at 90 days (%)

{a) Overall 50.0
(5) Aincng those retaining device 62.0

{¢) Among those served ... 80.0
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4, Discussion

The results of this study indicate that the oestrus response fellowing single intramus-
cular injection of prostaglandin Fay was very poor contrary to that reported by
Jainudeen.# 1t was reported by many workers that the single injection of prosta-
glandin Fao could be used successfully to synchronise oestrus in dairy and beef
cattle, with adequate heat detection programmes® and also to induce tertile oestrus in
cattle.? However, Cooperl has pointed out in his ¢xperiments that synchronisation
of oestrus afier the second injection of prostaglandin Fep was more precise than
after the first or single injection. This has some important practical implications
especially in buffaloes, since oestrus symptoms under normal physiological conditions
are very vague, short or irregular. If this appears to be so, as indicative from this study,
the strategic double dose prostaglandin treatment regime will be more practical for use
in buffaloes? for effective oestrus synchronisation programmes than the single injection.

The fertility rate following single intramuscular injection of prostaglandin Fay
was also very poor and only 11.1%,. However, Jainudeen* 5 and Pe1era et al” reported
a fertility rate of 339, following single and double injection regime, with natural
service and fixed time inseminations at induced oestrus. The low fertility observed
with prostaglandin treatments in buffaloes warrant further investigation, to elucidate
the constraints, to obtain high fertility rate in this species.

The ietention rate observed in the present study following short term progesterone
intravaginal device treatment is comparable to results reported in cattle.8:1¢ The device
caused hardly any irritation to the vaginal wall as judged by the rectal palpation at
the end of treatment, although in many cases a milky discharge was observed during
the treatment period and after removal. 1n this study the oestrus response observed
following short term progesterone tr:atment was 77%,. This observation is in
agreement with that reported for cattle.®! Bulls showed a better response in
mounting females after progesterone treatment than with cows treated with prosta-
glandins. A similar situation was also observed in goats, where the male goats
showed a lack of interest to mount prostaglandin induced oestrus females.?

The mean interval to oestrus, after removal of the device was 102 + 10 hours.
This observation is in contrast to that observed in cattle, where most of the animals
returned to oestrus by 48 hours after removal of the device.®.10 However, the low
variability in the period to oestrus after removal of the device, indicates that artificial
insemination is feasible at pre-determined time without the need to detect oestrus.

The fertility rate observed after progesterone intravaginal device treatment was
much higher than the normal calving rate for post partum buffalo cows in the farm,
where it was found to be around 329%. Further, the fertility rate obtained is better
than observed after prostaglandin treatment in buffaloes4,5,7 and compatable to that
reported for cattle.®.10, :
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In conclusion, thé results of this study indicate that the 12 day progesterone intra-
vaginal device treatment is more effective in inducing fertile oestrus in post partum
buffalo cows. This synchronisation treatment is more applicable under field
conditions than prostaglandin as the need for prior examination to determine the stage
of eycle does not arise. Further work on large number of cows and heifers is being
carried out to evaluate the retention rate under free grazing and wallowing, and to
determine fertility rate following fixed time inseminations without reference to
oestrus.
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Abstract :  n-Butyl vinyl ether (BVE) and maleic anhydride (MA) copolymerized in
chloroform with a radical initiator to give 1 : 1 alternating copolymer. The initial rate
of copolymerization was maximamat i ; 1 fced composition and the limiting conversion
was close to the theoretical limiting conversion. The charge-transfer (CT) complex
of BVE and MA showed 2 UV absorption maximum at 270 nam in 1, 2.dichloroe-
thanc. The stoichiometry of the complex was 1 ; 1. The equilibrium constants of

the complexation were found to be 0.37 dmY/mol in carbon tetrachloride at 37°C by
INMR, and ¢.27 dm3/mol in chloroform and 0.11 dm3/mol in 1, 2-dichloroethane both
by UV at 23°C. The participation of the CT cor.plex of BVE d.nd MA into their alter-
nating copolyimarization was discussed.

1. Intrnduction

It has been known that polar monomers which do not homopolymerize individually,
could be copolymerized with radical initiators to give alternating copolymers when
the polarities of the comonomers are opposite and large.!.!*!5 Participation of the
charge-transfer (CT) complex formed between the comonomers, has been proposed
for the aiternating copolymerizations of some vinyl ethers such as 2-chloroethyl
vinyl ether,” p-dioxene.® 1, 2-dimethoxyethylene,'® ethyl vinyl ether® and dihydro-
pryran?® with maleic anhydride (MA), wiich has a sirongly positively polarized C=C
double bond (Alfrey-Price ¢ = 2.25 and Q = 0.23).+ The mechanism suggested
is that the CT complex formed between the comonomers is the species that
polyinerizes to give an alternating copolymer.®

I this paper, the CT complexation of n-butyl vinyl ether (BVE) (Alfrey-Price
e = —1.20 and Q = 0.087)* and MA is studied in chloroalkanes to explain the
radical copolymerization of BVE with MA.

2. Experimaental
2.1. Materials

Reagent grade MA (British Drug House) was recrystallized from benzene, reagent
grade BYE (B.D.H.) was fractionally distilled and reagent grade 2, 2’-azobisiso-
butyleonitrile (AIBMN) (Tokyo Kasei) was recrystallized from methanol before use.
All solvents were purified by the usual methods."?
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2.2. Spectroscopy

The ultraviolet (UV) spectra of the CT complex were taken by using a UNICAM
SP8—100 spectrophotometer with quartz cells of 1 cm path length. The nuclear
magnetic resonance (NMR) spectra were taken by a Varian EM-360 60 MNz NMR
spectrophotometer at 37°C. JASCO J-0001 infra-red (IR) spectrophotometer was
used to take the IR spectra of the copolymer from KBr pellets.

2.3. Polymerization

The copolymerizations were carried out in chloroform solutions with AIBN as the
radical initiator in glass ampules of approximately 15 cm® capacity, which were
sealed after degassing by the freeze-thaw method on a vacuum line. The sealed
ampules were then immersed in an oil bathat 60° + 0.1°C. The polymerizations
were stopped at the end of the reaction periods by immediately pouring the reaction
mixtures in large amounts of diethyl ether, in which the polymers were precipitated
out. The polymers were purified by reprecipitation from the acetone solutions in
diethyl ether. The rate of the polymerization was measured gravimetrically.

The compositions of the copolymers were determined by conductometrically
titrating the MA units with Philips PR9500 conductivity bridge. The copolymers
were dissolved in water with 0.1 M NaOH and back-titrated with 0.1 M HCIL.

Gar

0.3}
[63]
202t "
5 3
O
[ 73]
O
g0}

L N T e, ey
220 240 260 280 300

‘Wave Length in nm

Figure 1. The UV absorption of BVE-MA”charge-transfer complex in CH,CICH,Cl at 23°C.
(1) [BVE] = 6.25 X 10-3 mole/dm3 v.s. solvent
(2) [MA] = 1.0l X 10-4 mole/dm? v.s. solvent.
(3) Charge-transfer complex only, [BVE] = 1.20 M and [MA] = 1.02 x 10~
mole/dm3.
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3, Results and Discassion

3.1. The charge-transfer complexation between n-butyl vinyl ether and maleic anhydride

An enhancement of absorption is observed in the UV region when BVE and MA
are mixed in 1, 2-dichloroethane. When the absorptions of BVE and MA are
subtracted from the overall absorption, the enhancement becomes an absorption
maximum at 270 nm as shown in Figure 1. This new absorption maximum is
attributed to a weak CT complexation between BVE and MA, BVE acting as the
electron donor and MA as the acceptor, considering the polarities of the compounds.

The stoichiometry of the complexation was determined in I, 2-dichloroethane by
the Job's continuous variation method.” As shown in Figure 2, the maximum of

the absorbance-composition plot indicates that BVE and MA form a 1 : 1 CT
complex.

0.02F

0.01p

Abssrbance of Complex

0 0.5 1.0
Mole Fraction of MA

Figute 2. UV determination of the sioichiometry of the charge-transfer complex of BVE and MA

by Job's continuous variation method in CH,CICH,C! at 328 nm. [BVE] -+ [MA] =
0.0610 mole/dm.? 2

The equilibrium constant (K) of the CT complexation can be determined by UV
and NMR spectroscopy. In the case of a 1 : 1 complexation, the relation between

the absorptivity of the complex and the concentrations of the components has been
derived by Ketelaar ef al.®
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1f(en — &) = 1/K (e — €a) {DJ L 1f(e — €a) (1)

where [D] is the concentration of the donor and EA is related to the measured
optical density, dA, and to the total molar concentration of both free and complexed
acceptor [A] by the expression d, = logy, I/l = B, [A]l. Ec and Ea represent,
respectively, tie extinetion coefficients of the complexed and uncomplexed acceptor.

When a very small coacentration of an acceptor and a large excess concentration
of a donor are used, it can be assumed that all the acceptor is complexed. Under
this condition, K can be determined through either the equation by Bensi and Hilde-
brand! (Equation (2)), or the equation by Scott® (Equation (3)).

[All/de = 1/ee K[D] - 1/e, (2)
[A] [D]l/d, = [Dfee + L/ecK (3)

where, [A]<<{ [D], d. is the absorbance due to the complex only, i.e.,
de = d(overall) —d (donor) and 1is the pathlength in cm.

When the donor is always in large excess compared to the acceptor, the relation
between the chemical shift of the acceptor in NMR and the concentration of the donor
is Equation (4) by Hanna and Ashbough.’

6

3 \
TR AN 1 e e = -TYRT. 4 e

1/(BYE] dm3/mele
Figure 3. UV determination of the equilibrium constant of charge-transfer complexation between

BVE and MA in CH,CICH,CI at 23°C by the method of Ketelaar ef a/. (Equation (1
[MA] - 4.12 x 10-5 mole/dm3. {®) at 285 nm, (O) at 300 nm. ; W
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1/ Atons = /KA [D] + 1/Ak, (4)

where, A*jpe = B%ps -~ 3%, is the difference between the chemical shifts of
the acceptor proton in complexing media (3,0ns) and that of the acceptor in
uncomplexed form (3%), and A*. = 3% —3, 1is the difference in the
acceptor proton chemical shifts in pure complex (5*.) and free acceptor.

10

L

{2}
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(BVEHMA}1 /d) x 107

F1 1
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Figure 4. UV determination of the equilibrium constant of charge-transfer complexation between
BVE and MA in CHCl, a1 23°C by the miethod of Scott (Fquation (3)). [MA]- 4.12x
104 mole/dm3. (@) at 285 nm, (O) al 200 am.

The equilibrium constants of the UT complexation between BVE and MA were
determined in 1, 2-dichloroethane by egquation (1), in chloroform by Equation (3),
and in carbon tetrachloride by Equation (4). The results are shown in Figs. 3, 4 and 5,
respectively, In all cases, the concentration of MA was kept small and constant,
while the concentration of BVE was increased. The chemical shift of chloroform
was used as the inner standard in measuring the chemical shift of MA.
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The Alternating Copolymerization of n-Butyl Vinyl Ether 1

L

Tase 1. Relation between the polarity of the solvents and the equilibrium constants (K) of —
charge-transfer complexation betwesn BVE and MA in chloroalkanes.

 Solvent T Diclectric Method K TR geor TR
constanl1s (dm3/mole)
CCly 2.238 (20°C) NMR at 37°C 0.37 6988 ppm
iTa - - ) e (027 (at 285 nm) 75
CHCl- 4.806 (20°C) UV at 23°C 1026 (at 300 nm) 67
« o £
CH,CICH,CI 1036 (25°C) Uy at2oc  [O11 at (285 nm) 560

[[O.11 {at 300 nm) 450

As seen in Table 1, the magnitude of the K values found in various chloroalkanes
indicate that the CT complex between BVE and MA is a weak one. The decrease
of K values with increasing solvent polarity suggests that the CT complexation
follows a polar association of the components, and that the complex is predominantly
at its no-bond state.!>'* The more polar solvent reduces the magnitude of K,
because in more polar solvents, the free components are better stabilized than the
complex of the components. It is considered that the planar viny! ether part of
BVE molecule complexes with the planar MA molecule parallel each other achieving
the maximum overlapping of the orbitals.!213

Radical copolymerization of n-butyl vinyl ether with maleic anhydride BVE and
MA readily underwent copolymerization at 60°C with ATBN in chloroform solution,
although beth BVE and MA were incapable of homopolymerization individually
under the same conditions. The copolymer precipitated out in chloroform as the
polymerization proceeded. The copolymer was soluble in polar solvents such as
acetone, N, N-dimethyl formamide and dimethylsulphoxide, but was insoluble in
non-polar solvents.

\ v

nsmittance

Tra
.
=

2 1 ] 1

2659 2500 2900 1704 1300 906
Wave Number in cm™?

Figure 6. The IR absorption spectrum of the copolymer of BYE and MA. The mole fraction of
the MA units in this copolymer is 0.49.
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The IR spectrum of the copolymer in Fig. 6 shows large absorptions of five-
membered anhydride group at 1770 and 1860 em~*. The absorption due to the
unsaturated ether linkage CH,=CH—O—C of BVE monomer which appears at
1220 cm! is shifted to 1080 cm~! in the copolymer, showing that the ether linkage in
the copolymer is saturated, —CH,—CH—O—C. The sp?* C—H stretching of
BVE appears at 2860 and 2940 cm ! both in the monomer and the copolymer. The
sp? C—H stretching of BVE monomer at 3100 and 3040 cm~! and that of MA at
3160 cm™! are completely absent in the copolymer, indicating the consumption of
C=C double bonds in the copolymerization.
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Figure 7. The conversion in the copolymerization of BVE with MA with respect to the polymeri-
zation time in CHCL3 at 60°C. [BVE]*+ [MA] = 1.50 mole/dm3, [AIBN] = 3.00 %
10-2 mole/dm3. The mole fraction of MA in the¥monomer mixture was 0.50 (Q),
0.65 (®) and 0.80 (4).

The time-conversion curves of the copolymerization are shown in Figure 7. It is
seen that the polymerization is rapid and that the rate is fairly constant up to a high
conversion under the conditions used.

The copolymer composition based on the titration of the MA units of the copolymer
is shown in Figure 8. The compesition of the copolymer is found tobe 1 : 1 over a
wide range of the monomer composition. Since neither BVE or MA homopolymeri-
zes individually under the present conditions, the copolymer of BVE and MA is
considered to be a 1 :1 alternating copolymer.
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Figure 8. The copolymer composition curve for the copolymerization of BVE with MA in CHCl;
at 60°C. [BVE] + [MA] = 3.00 mole/dm3, [ATBN] = 6.00 x 10~ mole/dm?.

The initial rate of the copolymerization and the conversion of the polymerization
after a prolonged reaction period (24 hours), are shown in Figure 9, with respect to
the feed monomer composition. Both the initial rate of the copolymerization and
the limiting conversion are maximum at 1 : 1 monomer composition of the feed.
If the 1 : 1 CT complex of BVE and MA is the species that polymerizes to give the
1 : 1 alternating copolymer, the rate of the copolymerization should be proportional
to the concentration of the complex.2 Since the concentration of a 1 : 1 complex
becomes maximum at 1 : 1 feed monomer composition, the rate should be maximum
at 1 :1 feed monomer composition, which is consistent with the experimental
observation. The theoretical limiting conversion is calculated assuming the poly-
merization is an alternating copolymerization. The observed limiting conversion is
within the theoretical limiting conversion and is closely parallel to it.
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Figure 9.

Rate of Copolymerization
in wt-9% per min

The initial rate of copolymerization of BVE with MA (e ), and the limiting conversion

after 24 hours of polymerization (O). The dotted lines are calculated for the maximum
possible conversion for a pure alternating copolymerization. (BVE) + (MA) = 1.50
molefdm3, (AIBN) = 3.00 x 10-2 mole/dm?3 in CHCIl;3 at 60°C.
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The Alternating Copolymerization of n-Butyl Vinyl Ether 55

Thus the copolymerization of BVE with MA can be explained when the 1 : 1
alternating copolymer is thought to be formed through the polymerization of the
i : 1 CT complex of BVE and MA, the complex being considered to be much more
reactive than the free monomers.

129 Alternatmg C{)mﬁymer

Fig. 10.
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SHORT COMMUNICATION

Some Studies on Pozzolanic Cement

A. THEVARASAH, V. PERAMPALAM
Ceyion Cement Corporation, Kankesanturai, Sri Lania

AND

M. SELVARATNAM
Department of Chemistry, University of Peradeniva, Peradeniva, Sri Lanka

(Paper accepted : 6 March 1979)

Pozzolans! are siliceous and aluminous mineral substances which, though having no
cementitious qualities themselves, react with lime in the presence of water at room
temperature to form compounds possessing cementitious properties. Pozzolans
may be naturally occurring or artificially produced. Naturally occurring pozzolans
include clays, shales, opaline materials, volcanic tuffs and pumicites. Artificial
pozzolans are mainly obtained from industrial wastes and include fly ash (flue dust),
silica fume and some slags. The pozzolans available in Sri Lanka include broken
bricks, broken wasted tiles and clays. A detailed review of pozzolanic cements
their manufacture and use in India, has recently been published.

Pozzolanic cement is obtained when pozzolans are finely ground with Portland
cement. Some advantages of pozzolanic cements over Portland cement are that
they are cheaper, they have improved plasticity and they have higher resistance to
sulphate attack.

Pozzolanic activity is believed® to be due to the siliceous compounds in pozzolan
reacting with the calcium hydroxide formed during the hydration of cement to form
stable cementitious substances involving calcium, silica and water,

Our objective was to study the effect of readily available and cheap pozzolanic
materials found in Sri Lanka on the properties of Kankesan Portland cement.
Burnt clay (from the clay yard at Kankesanturai ; Murunkan clay) and tile powder
(powdered broken roof tiles—an industrial waste) were used. The conditions
under which these pozzolans exhibit maximum activity were first found out. The
pozzolans were then ground with cement, in various proportions, and various
properties (tensile strength, compressive strength, sulphate resistivity, initial setting
time, final setting time, consistency, workability) were studied so as to evaluate the
quality of the pozzolanic cement obtained.

Various tests? have been devised to estimate pozzolanic activity., From the defini-
tion of pozzolans, it is clear that the most useful test is chemical reactivity with lime,
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To find out the reonditions under which pozzolans exhibit maximum activity
chemical reactivities with lime and alkali were investigated.

Clay samples were dried, jaw crushed and ball milled. The clay powder obtained
was burnt in & muffle furnace at different temperatures. At about 600°C, the clay
changed from greenish black to bright red, above 1000°C it turned to dull red. The
chemical composition of the clay vsed is given in Table L.

Tasre 1. Chemical analysis of clay

9 by weight

e = : 61.3
ALO; .. 16.5
FCgO_‘; a -~ 67
Loss on Ignition 9.1
Ca0 4.4
Mg 1.5

99.5

Pozzolans, heated at different temperatures for various times, were finely powdered,
sicved through 170 mesh sieve and reacted with a one molar solution of NaOH.
The percentage reduction in alkalinity under standard cenditions (when 100g of
solid is added to 1000 ml of IM NaOR) was found by titrating with a standard HCI
solution. The resuits for clay and tile are given in Tables 2 and 3 respectively.

TapLe 2. Murunkan Clay : % reduction in alkalinity as a function of temperature and time of

‘calcination™
=T Tomp. of i
“calcination® °C 1 hour 4 hours | day 4 days 6 days 10 days 20 days
300 0.98 1.26 1.42 1.87 2.04 223 243
600 1.26 1.76 1.20 2.06 2.45 2.65 292
800 1.28 1.74 1.79 2.04 2.50 2.64 2.71
1000 0.65 0.70 Q.76 1.23 1.45 1.37 2.01

1200 0.52 0.56 0.62 0.62 0.65 0.64 0.12

TanLe 3. Tile Powder : % Reduction in alkalinity

Temp. of_

“calcination™ °C 1 hour 4 hours 4 days 6 days 10 days 20 days 40 days
Room temp. : ;
(no heating) 1.32 1.87 2.23 2.85 3.28 4.63 4.62

600 1.20 1.97 2.03 2.53 3.23 4.57 4.57
1000 .57 1.29 —_— 1.63 1.64 1.72 1.83

1200 0.52 0.68 0.73 0.74 0.74 0.74 0.74
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The results show that percentage reduction in alkalinity, and therefore pozzolanic
activity, is maximum when the temperature of calcination of clay is between 600°C
and 800°C. For roof tiles, there was no increase in pozzolanic activity on heating.
This is uanderstandable in view of the fact that heat pretreatment had already been
given during the manufacture of roof tiles, The results also show that the pozzolanic
activity of powdered roof tiles is better than that of clay.

By a detailed study of various types of clays, Indian workers have shown® that
maximum pozzolanic activity is exhibited when the temperature of heating is close to
the temperature at which there is collapse of the lattice structure of the clay. Pozzo-
lanic activity would therefore depend on the type of clay and also on the nature and
amount of impurities present. The decrease in pozzolanic activity observed (see
Tables 2 and 4) when clay samples are heated to higher temperatures has been explained®
as due to increase in particle size, improvement in crystallinity and the formation
and growth of crystals.

TaBle 4. % Lime reacted with clay powder (total lime—free lime)

;I:emp. of

“calcination™ "C 1 hour 2 days 7 days 10 days 20 days
300 52.3 53.5 58.8 58.9 58.9
600 58.2 60.3 63.5 68.8 69.3

1000 53.0 56.7 59.3 62.3 64.5

The pozzolan was mixed with calcium oxide and made intc a paste by adding
water. The amount of lime reacted was determined, using standard procedures, by
finding the total lime content and the “free lime™ content. The total lime content
was determined by converting it to calcium oxalate and titrating with KMnO,.
The “free lime”* was determined by adding ethylene glycol and titrating with dilute
HCI using bromo-cresol as indicator.

The results in Table 4 indicate that pozzolanic activity of clay is optimum when
samples were preheated to a temperature of about 600°C. For tile powder
(Table 5) preheating did not improve pozzolanic behaviour.

TasLe 5. 9 of Lime reacted with tile powder

Temp. of
“calcination”™ *C 1 hour 1 day 2 days 7 days 28 days
Room temp.
(No heating) 51.26 66.8 72.3 81.3 85.3
600 50.0 66.5 - 802 84.4
1000 64.3 —_ 67.8 79.8 82.2
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Tile powder was used for the preparation of pozzolanic cement. The advantage
over clay is that no preheating is necessary.

Two methods of preparing pozzolanic cements from tile powder were attempted :
(@) by grinding portland cement with tile powder (b) by “straight grinding” of
clinker chips, tile chips and gypsum chips.

To prepare pozzolanic cement by method (a), broken tiles were ball milled for
about 4 hours in a sample mill, sieved through 170 mesh sieve, mixed with Portland
cement, ball milled again for half an hour for proper mixing and then sieved again
through 72 mesh.

Difficulties were encountered in the preparation of pozzolanic cement by grinding
clinker chips. tile chips and gypsum chips in an one-chambered tube mill. Grinding
was not uniform because the grindability indices of cement and tile were different.
Furthermore, the fine particles formed had a cushioning effect thereby hindering
further grinding. This difficulty may not arise if a three-chambered mill is used.

Various physical properties were studied to evaluate the quality of the pozzolanic
cement produced by grinding cement with tile powder.

Cement briquettes were made by hand tampering; water : cement ratio used
was 0.3, The briqueites were removed after 24 hours, immersed in water for a
number of days, dried for half an hour and tested. The storage water was changed
every seven days.

TanLe 6. Tensile Strength (Ibs/sq. in.)

Time 3 days 7 days 28 days 2 months 1 year

Portland cement — 590 710 735 780

Pozzolan cement 20 : 80 (ie. 20%
tile powder + 80%; portland
cement) — 525 700 750 800

Pozzolan cement 30 : 70 (e 30%
tile powder + 70% Portland

cement) — 495 685 745 825
Portland cement : Sand — | : 3 235 330 400 — e
Pozzolan (40 : 60) : Sand — | : 3 230 270 450 — —
Pozzolan (50 : 50) : Sand — 1 : 3 200 270 410 o —
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Some of the results of tensile strength measurements are given in Table 6. The
table also gives (in the last two rows) some results of initial tensile stren gth measure-
ments of pozzolanic cement : sand (in the ratio 1 :3) mixes (water : cement
ratio = 0.6.).

The results show that the tensile strengths of pozzolanic cements are comparable
with those of Portland cement. There ar¢ no ASTM specifications for the tensile
strengths of pozzolanic cements.

Cubes of side 2.78 inches were made using a vibration machine according to
ASTM procedures.® Cement : sand ratio used was | : 3. Sand was sieved between
18 mesh and 25 mesh. Water :  cement ratio was 0.6. The cubes were removed
from the moulds after 24 hours and kept immersed in water for several days. After
drying for half an hour, compressive strengths were measured.  Some of the results -
obtained are given in Table 7.

TaBLe 7. Compressive Strength (Ibs/sg. in.)

Time

3 days 7 days 28 days - 3 momh:
f’ortland cemcnt- — 4480 5230 5596_
Pozzolanic cement
(20 : 80) — 3370 4620 5130
Pozzolanic cement
(30 : 70 - 3190 4230 5070
Pozzolanic cement*
40 ; 60) 2025 2600 3050 L
Pozzolanic cement*

(50 : 50y 1150 2050 3050 —

*Cubes were made by hand tampering.

The results show that our pozzolanic cements have lower compressive strengths
than those of Portland cement. The strengths are, however, satistactory ; they
conform to ASTM specifications® for pozzolanic cements according to which compres-
sive strengths for Type I and Type II cements after 28 days should be above 3000
Ibs/sq.inch. and 2500 Ibs/sq.inch respectively.

Briqueties cast with portland cement and pozzolanic cement (30 : 70 ) were kept
m 107, MgSO, solutions, 109 Na,SO,, solutions and in sea water for more than a
year for visual observation. It was observed that pozzolanic cement was more
stable to sulphate attack than Portland cement.
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Some of the other relevant propertics of the pozzolanic cements prepared were
also tested. The resulis obtained of the normal consistency, the initial setting
time and the final setting time are indicated in Table 8, together with the ASTM
specifications.® It is seen that all the results conform to the ASTM specifications.

MNormal consistency and setting times of the pozzolanic cements prepared compared

TABLE & 3
with ASTM specifications.
"""""" SR 40 tile powder | 50% tile powder ASTM
r 60% cement 50%; cement specification
Normal consistency ' 37% 64 / (maxlmum)
Initial setting time 79 minutes 85 minutes 60 minutes
(maximum)
SRt LS SO ISR e I e e e Do
Fmal scttmg time / 145 rmnutes {55 minutes 10 hours
| {maximum}

The plasticity and workability, tested qualitatively by a hand trowel, of pozzolanic
cement-water mixes also appeared to be better than that of portland cement.

In Sri Lanka, red cement is made by mixing 10 to 159 of red pigment (Fe,0,) with
Portland cement. The pigment is costly. Visual observations showed that when
30% of tile powder (sieved through 170 mesh) is mixed with 709, cement, only
about 3to 5% pigment is needed to produce the same intensity of colour. Even
without red pigment the colour of the pozzolanic cement is reasonably satisfactory.
Red pozzolan Portland cement is cheaper than red cement and some of its properties
such as water tightness, workability, sulphate resistivity are also found to be better.

Red pozzolan Portland cement could be used not only for flooring purposes but
also as a colour wash. Tt sticks on the walls better than the normal colour washes

without the addition of any starch or glues.

The resuits indicate clearly that good quality pozzolanic cements conforming to
ASTM specifications® could be manufactured in Sri Lanka by grinding Portland
cement with powdered roof tiles (40 to 509, by weight of tile powder). Pozzolanic
cements are better than Portland cement for certain applications, and they are also

cheaper.
An approximate cost analysis shows that pozzolanic cement will be about 257

cheaper than Portland cement. Broken tiles, constituting an industrial waste, are
readily available at various places in Sri Lanka.

To manufacture pozzolanic cement the under-utilized grinding facilities presently
available in Sri Lanka could be used. New machinery would not therefore be

required.
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47/5 Maitland Place, Colombo 7,
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EDITORIAL POLICIES

Submission of Papers : Papers are accepted
for editorial consideration with the under-
standing that they have not been
published, submitted or accepted for publi-
cation 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 techno-
logical 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.

Referceing and Editing : All material sub-
mitted 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 Jour-
nal with regard to symbols, illustrations,
tables, references and nomenclature.

Manuscripts submitted for editorial considera-
tion can be processed expeditiously if they
conform from the outset to the style of the
Journal. Authors are therefore advised to follow
closely the form described in these instructions.

PRESENTATION OF MANUSCRIPTS

length of contributions is
prescribed but papers should be written
clearly and concisely. All unnecessary
textual matter, figures and tables must be

No maximum

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 sub-
divided into sections, and if necessary,
sub-sections. The following pattern is
suggested for Research  Papers : (a)
Introduction (b) Experimental (¢) Results
(d) Discussion (e) Conclusions (f) Ack-
nowledgements (g) References. In many
cases, two of sections (b), (c) and (d)
can be combined. When a separate
Discussion is used, it should not reca-
pitulate the results but discuss their signi-
ficance and relation to the object of the
work and to the work of other people.

Conclusions should not merely repeat
preceding sections.
Special care must be taken in citing

references correctly. Responsibility for
the accuracy of these rests entirely with
the authors. It is the authors’ respon-
sibility to obtain written permission to
reproduce material which has appeared
in another publication.

FORM OF MANUSCRIPTS

Manuscripts should be submitted in trip-
licate — 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.
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should be

Headings
centred and sub-section headings should

of major secticns

be placed con the left of the page. The
complete set of headings and sub-headings

in an article should be numbered follow-
ing the style adopted in this Journal
and the set should reflect the logical

development of ideas.

Paging : Each page of the manuseript
should be numbered and the name of
the first author and page number indicated
in the upper right-haud comer of the page.

The first page should contain the article
title, the mname(s) of the author(s) and
name and address of the establishment
where the work was carried out. In the
case of co-authors, rcs;pccti\fe addresses
should be clearly indicated. Female
authors should include one of their given
names. The title should be concise but
informative. The first word of the title
should preferably be one useful in indexing
and information retrieval. Where a series
of related papers is submitted, each indi-
vidual 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 ab-
stract (of not more than 250 words) which
should be a summary of the entire paper,
not of the conclusions alone and intelli-
gible without reference to the paper itself.
The text should begin on page three and
each subseguent major section —references,
figure legends and table legends should
begin on a new sheet.

The last page should contain () 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.

ustrations :  All illustrations are consi-
dered as figures and each graph, drawing
or photograph should be numbered in
sequence with Arabic mnumerals. Authors
must submit the original and two dupli-
cates of each figure. Figures should be
planned to fit the proportions of the prin-
ted page (12 x 17 cm).

Figures- must be drawn in Indian ink
on plain white paper or board or tracing
paper, mnot 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 manuscript.

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.

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 col-
umns in each table should be kept as
low as possible. Tables should have
legends which make their general mean-
ing clear without reference to the text
and all table columns should have expla-
natory 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
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placed directly below the table and shoulid
be indicated by superscript Iower-case
italic letiers {u, b, ¢, etc.). Each table
should carry on the back of the sheet
the auther’s name and figure rumber.
The preferred position of tables should
be indicated in pencil in the manuscript.

References to the literature must be tudicated
in the text by a smail superior number refer-
ring 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 alpha-
betical order by author and numbered in
Arabic numerais. All authors’ 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
19001960, 1972, 4th edn, London ; Butter-
worths Scientific Publications. If the journal
is not in this 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), vear, book title,
voluine number, edition, paginationfinclusive
pages, place of publivation and publisher,
When sections of a book are listed the order
should be : author (s) of section, year, the
word In 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 — Awncmor, J.E., Dicks, D. M.,
Evans, W. C. & Sanira, D.K.
{1972y Planta BMed. 21(4):
46-420.

Book — ScHORKMAN, D. (1966) Vegerable
growing : local and  exotic
varieties, 2p. Colombo: Agri-
culture Department.

Section of

Book — ZITNAK, A. (1973) In Chronic

cassava toxicity : proceedings
of an interdisciplinary workshop,
London, England, 25-30 January
1973, pp. 89-95. Ottawa:
International Development
Research Centre. (IDRC-00g).

Footnotes which are indispensable should be in-

dicated in the text by small superior figures and
listed on a separate page in the manuscript.

Abbreviations and Symbels recommended in
the various parts of British Standard 1991 :
abbreviations
should be used. Authors are encouraged
to use the $.I System of units (see description
The use of ©

Eetter symbols, signs and

in British Standerd P 5686
S. I Units). ;

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. :

Formulae and Eguations : Equations should
be typewritten and guadruple spaced. They
sheuld be started on the left margin and the
nuinber placed in parentheses to the right of
the equation.

Nomenciature : Scientific 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. ¢, g. Tylenchorhynchus claytoni
Steiner. Tn 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 application te the Secretary.

Short Communications : The Journal may
include a limited number of short communi-
cations. Authors should submit short com-
munications only when they believe that
rapid publication of their results is of the
utmost importance. A short communicatien
must not exceed 1,200 words, i.e. 4 pages of
copy inclusive of illustrations and tables.
Short communications shouid be complete
in their own right and suvitable for citation.
The title shouid indicate the content elearly
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 medification of the original fext
15 to be aveided. Responsibility for correc-
ting proofs rests entirely on the authors
though editorial assistance will be provided.

Reprints : 50 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.


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/

Vol.

Vol

CONTENTS OF PREVIOUS VOLUME

6 No. 1 June 1978

Studies on Some Local Legumes
II. Cyanogenic Glucosides
E. R. Jansz and Nirmala Pieris

Bellows Effect of Sarong and Trousers
V. Basnayake and R. A. D. Nicholas

Absolute Convergence Factors for Cesiro Means
C. Yogachandran

The Set of Numbers {1, 5, 10}
Harimaladeyvi Balasunderant

Some Studies on'the Cerrosion of Copper and its Alloys in Caleium Hypochlorite
A M. Amirudin and S. L. Chawlg

Alkaloids of Some Plants of Sr1 Lanka—Chemistry and Pharmacclogy ...
A. A, L. Gunatilaka

Abstracts in Sinhala
Absiracts in Tamil

Instructions to Contributors

6 No. 2 December 1978

Utilization of Cassava Meal (Manihot Esculanta Crantz) in Swine Feeding
A. S. B. Rajaguru, V. Ravindran and E. A. Dias

Aromaticily of Soms Polycyclic Ilydrocarbons
R. A. Thuraisingham

Reduction of Chlorate Content in De-Nora Typs Electrolytic Diaphragm Cells used

for the Manufacture of Caustic Soda in Sri Larka .
W. Perlyn D. Pereira, J. N. O. Fernando and D. T. Jayamanne

Economically Useful Plants of Sri Lanka i
I, Commercially Important Steroidal Sapogenins from Sri Lanka Plants
A. A. L. Gunarilaka, S. Sotheeswaran and S. Balasubramaniam

Development of Local Raw Materials for the Rubber Tndustry
R. A. Rajapakse

A Study of the Effect of Nitrogen Fertilization and Intensity and Frequency of

Deloliation on Yield, Chemical Composition and Feeding Value of Guinca A Cirass

8. Panditharatne, M. C. N. Jayasuriva, W. 1. K. V. Ranjith and 8. C. Thimawithana

The Maximal Oxygen Uptake of Sri Lankan Athletes
P. L. R. Dias and W. Ravindran

Abstracts in Sinhala
Abstracts in Tamil

Instructions to Contributors

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

15

23

27

39

89
91

95

103

109

129

137

159
163
169


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/

Journal of the

MNational Science Councii
of Sri Lanka

Yeol. 7 No. | June 1979

Contents

29

30

The Chemical Constituents of Symplocus racemosa Roxb.
L. B. de Silva, U. L. L. de Silva and M. Mahendran

Changes in Polyphenols, Amino Acids and VYolatile Compounds during
Fermentation and Firing in Orthodox Processing of Tea

R. L. Wickremasinghe, A. Ekanayake, C. C. Rajasingham and M. Jayanthi de Silva

Alkali Treatment of Paddy Straw. Effect of Energy and non-protein Nitrogen
Supplementation on Digestibility and Intake by Sheep
M. C_ N, layasuriya

Some Chemical Characteristics of Fresh and Salt-Dried Tilapia mossambica
Peters

S. S. de Silva and M. Rangada

Cyanocobalamin in Human Cord Blood and Family Income
S. Dissanayake

Field Distillation of Cinnamon Leaf Qil

D. V.M. Geevaratne, E, R. fansz, C. Umapathy, A, A. Suni! Gamini, A. Makhmudov
and N. §. K. Ramasundare

39 Qestrus Response and Pregnancy rate Following Prostaglandin and short
term Progesterone Intravaginal Device Treatment in Buffaloes (Bubalus
bubalis)

R. Rajomghendran, T. N. jayatilake, T. Dharmawardena and A.S. B. Rajaguru

45 The Alternating Copoiymerization of n-Butyl Vinyl Ether with Maleic
Anhydride
Kiyohisa Fujimori and Nanda A. Wickramasinghe
SHORT COMMUNICATION

57 Some Studies on Pozzolanic Cement
A. Thevarasah, V. Perampalam and M. Selvaratnam

65 Abstracts in Sinhala

69 Abstracts in Tamil

75 Instructions to Contributors

Published by

The National Science Council of §i§iec!'@ﬂlb@ol§ﬂ§lm Foundation.
Printed st Sri Lanka UniversityoPréss) M raruswan. 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/

	img168
	img170
	img171
	img172
	img173
	img174
	img175
	img176
	img177
	img178
	img179
	img180
	img181
	img182
	img183
	img184
	img185
	img186
	img187
	img188
	img189
	img190
	img191
	img192
	img193
	img194
	img195
	img196
	img197
	img198
	img199
	img200
	img201
	img202
	img203
	img204
	img205
	img206
	img207
	img208
	img209
	img210
	img211
	img212
	img213
	img214
	img215
	img216
	img217
	img218
	img219
	img220
	img221
	img222
	img223
	img224
	img225
	img226
	img227
	img228
	img229
	img230
	img231
	img232
	img233
	img234
	img235
	img236
	img237
	img238
	img239
	img240
	img241
	img242
	img243
	img244
	img245
	img246
	img247
	img248
	img249
	img769

