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Abstract: The objective of the stidy was to compare the routinely used bacterial
indicator systems of faecal pollution, the coliforms and faecal coliforms with faecal
streptococei and spores of sulphite reducing anaerobes (Clostridia) to assess their
importance in determining the bacterial quality of water. A total of 84 samples of
water from the Kandy distribution system of water were tested. Percentage of
samples that were found to be contaminated by the three indicators, coliforms,
faecal coliforms and faecal streptococei are 37%, 15% and 34% respectively. It was
found that the use of faecal streptococci to determine faccal pollution of treated
tapwater has additional advantage over the presently used coliform, faecal coliform
indicator systems. Results of the use of Clostriditm spores in determining the
hygienic quality of water was found to be unsatisfactory.

1. Introduction

The search for an adequate indicator of faecal contamination in water has
logically been associated with organisms common to the microbial flora of
faeces Prerequisites for the ideal indicator have restricted the probable
candidates to total coliforms, faecal coliforms, faecal streptococci and
Clostridium perfringens.” Of these, coliforms and faecal coliforms are
routinely used. '

There are well known epidemiologic histories of the presence of
bacterial pathogens when the coliform index was low. Boring ¢t /' reported
that Salmonella typhimurium outnumbered coliforms by a factor of 10 in
the River Side California Outbreak. Similarly a report by Sleigman and
Reitter'® showed that index organisms can be low in the presence of
pathogens. Isolation of Salmonella from drinking water which fullfilled
the bacterial standards with regard to coliforms have been reported.'? The
reports of the failure of the index organism concept emphasize the need for
more research that compare different indicator systems that could be used as
indices of faecal pollution of drinking water.
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Different opinions exist worldwide with regard to the question
whether streptococci should be regarded as an indicator of faecal pollution.
This poor acceptance of faecal streptococci as a measure of pollution from
human and warm-blooded animal excreta has been a result in part of low
recovery rates, of the multiplicity of detection procedures of poor agrec-
ment between the detailed and systematic studies of the sources, survival
and interpretation of streptococci in various kinds of water. 561415 The
use ol Clostridium perfringens as a supplementary indicator in addition to
the routine examination in potable water has also been proposed,* although
it 1s not used routinely.

This paper reports the results of the application of faecal streptococci
together with the routinely used indicators of faccal pollution coliforms and
faecal coliforms in the determination of bacterial quality of drinking water.
In addition, detection and enumeration of the spores ol sulphite reducing
anaerobes has been attempted in the present study, based on the working
paper for a draft proposed for a dralt international standard of Clostridia
spores by the International Standardisation Organisation (ISOfTC/147/SC4/
WG/5N41E).

2. Experimental
2.1 Collection of Samples

A total ol 84 samples of tap water from the Kandy distribution system were
examined during the period March 1982 to June 1983. All the samples were
collected from street standposts which are directly connected to the mains
and transported in accordance with the methods recommended by the
WHO.!” Examination of the samples were carried out within 3 hours of
sampling, '

2.2 Bacteriological Analysis

2.2.1 Enumeration of faecal streptococei

Hundred ml of the sample was concentrated on a 0.45 g millipore filter
and the filter was placed on the surface of a petridish containing KT strepto-
coccus agar (Merck 10707). The plates were incubated at 37° C for 40 hours
and the maroon or pink colonies were counted.

2.2.2 Enumeration of Clostridium perfringens spores

The samples of water were heated for 10—20 minutes at 70° — 75°C.
Hundred ml of this preheated sample was filtered through a 0.45 g millipore
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filter and the filter was transferred with face upwards to the bottom of
a petridish. Ten ml of liquefied sulphite-glucose-iron agar® which has been
cooled to about 50°C was carefully poured over the membrane filter. After
this layer of agar has set, incubated aerobically at 37°C for 24—48 hours
and all the black colonies were counted.

2.2.3 Enumeration of total and faecal coliforms

Most probable number technique was used according to the WHO recom-
mendation,!”

2.3 Isolation of Saimonella

Ten litre samples of tap water were concentrated using the membrane
filtration technique. The filters were incubated in a pre-enrichment broth®
at 37°C for 16 hours. From this a drop was transferred to Preuss K
tetrathionate broth (Merck No. 5173) and lactose saccharose agar (Merck
No. 7237) at 37°C was followed from Preuss tetrathionate broth. Suspicious
colonies were subjected to biochemical reactions according to Cowan and
Steel ? and serology was performed.

3. Results
3.1 Faecal streptococci

Of the 84 samples of water that were tested 46 samples (54%) were [ound
to be positive for faecal streptococci. The count of faecal streptococci
- ranged from 1— 360/100 ml.

3.2 Clostridium perfringens

Growth of Clostridium perfringens was observed only in 3 samples out of 84
samples of water that were tested.

3.3 Total and faecal coliforms

Thirty-one samples {36.9%) were positive for total coliforms by the most
probable number technique. Twenty samples (23%) contain more than
10 coliforms/100 ml. Thirteen samples out of the 31 (41.9%) that were
positive for total coliforms were confirmed for the presence of faecal
coliforms. Of the samples, 15% were positive for faecal coliforms from the
total samples examined. Both the total and [accal colilorm densities range
from 2 to 1600/100 ml
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3.4 Salmonella species

Salmonella was isolated from 4 samples cut of the 84 samples that were
examined (4.8%). The counts of coliforms, faecal coliforms and faecal
streptococci in the 4 samples in which Salmonella was recovered were 79,
70,12, 2/100 ml, 33, <2, <2, <2 and 45, 8, 11 and 3/100 ml respectively.

3.5 Safety of water with regard to different indicator systems

The proportions of samples that can be considered safe by the indicator
roliforms (53/84) and faecal coliforms (71/84) are significantly higher
(at the 5% level) than that obtained by faecal streptococci (38/84).

4. Discussion

The method used in the present study in determining the number of faecal
streptococci has been to isolate streptococci from Lancefield’s serological
group D (ISO/TS$/147/5C, 4G4), It has been shown that these faecal strep-
tococci are more persistant than coliforms under natural conditions.!
In the present study too, the proportion of samples that can be considered
Safe by the coliform faecal coliform indicator system is significantly higher
than faecal streptococci. This shows that the recovery rate of faecal strepto-
cocci by the use of the method recommended by the International Standard-
isation Organisation is much higher than coliforms with the most probable
number technique. This could be due to the greater resistance of faecal
streptococci to the purification processes as reported by Cohen and Shuwal.?
The faecal coliform measurement is said to relate more precisely to faecal
contamination by warm blooded animals.” In the present study, Salmonella
was isolated from 10 litre samples of water without the detection of faecal
coliforms by the routinely used most probable number technique. But faecal
streptococci was detected in all 4 samples in which Salmonella was recovered.
Therefore by having a specific standard for faecal streptococci a higher
degree of purity and sense ol security could be attained than the presently
used indicator system coliform/faecal coliforms.

Results obtained in the use of Clostridium spores as an indicator of
laecal pollution of water was not satisfactory in the present study.

In conclusion it can be said that it is advantageous to use faecal
streptococci in addition to total and faecal coliforms in determining the
pollution of treated water.

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


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

Studies on Bacterial Indicators of Faecal Pollution

Acknowledgements

The author gratefully acknowledges the financial assistance given by the
Natural Resources, Energy & Science Authority ol Sri Lanka.

References
1. BORING, J.R, MARTIN, W.T. & ELIOH, M. (1971). Amevrican journal of Ipidemiology 93:
49.
2.  COHEN, J. & SHUWAL, H.L (1973). Coliforms, faccal coliform and faecal streptococci as
indicators of water pollution. Water, Air and Soil pollution 2: 85—95.
3. COWAN, S.T. & STEEL, K.J. (19635). Manual for the identification of medical bacteria.
London, Cambridge University Press.
4,  Environmental Protection Agency Report 1977, National Research Council, Washington DC.
Publication 270—422, 10—32,
5. GELDREICH, E.E. {(1976). Critical reviews in environmental control. 349-—371,
6. GELDREICH, E.E. & KENNER, B.A. (1969). Concepts of faecal streptococci in stream water
pollution. J. water pollution control Fed. 41: 336—352.
7. GERALD, BERG (1978). Indicators of Viruses in water and food, Ann Arbor Science Publi-
shers, Michigan.
8. Guidelines for health related rﬁonito_ring of coastal water quality (1977). Publications by the
United Nations Environment Programme and the WHO. 121-1635.
9. International Standardisation Organisation (1979). Working paper for a draft proposal for a
draft international standard 150/1C 147 /s¢ 4/W(: 5N41E, Netherlands.
10. International Standardisation Organisation (1980). Water Quality Detection and I'mumeration
of Presumptive group D Streptococci by membrane filter, 147/5C/4/WG/4, Netherlands.
11,. KABLER, P.W. & CLARK, H.F. (1960). fournal of American Water Works Association 52:
1577—1579.
12. KODIKARA, C.P.(1981). Proc. 37th Annugl Session, Sri Lanka Ass. Advan. Sci.
13, LEE, R.D. SYMONS, |.M. & ROBEC, G.G. (1970). Faecal streptococci in water. f. am. water
works Ass. 62: 412—420,
14. LIN, S, (1974). Evaluation of faecal streptococci tests for chlorinated secondary sewage
effluents: J. Environmental Iing. Div,, Am. Soc. Civil [ing. 100: 253 —258.
15. MUNDT, J.0. (1963). Occurrence of enterococci on plants in a wild environment. Applied
Microbiol, 11: 141—146.
16. SLEIGMANN, R. & REITLER, R, (1965). jourral of American Water Works Association 57:
1572—1574.
17.

World Health Organisation. International Standards for drinking water (3rd Edition). Geneva,
1971, '

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


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

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


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

I Natn, Sci. Coun. Svi Lanka 1985 13 (1) :

EFFECT OF SODIUM MECLOFENAMATE ON FERTILITY OF
MALE RATS

W.D. RATNASOORIY A
Department of Zoology, University of Colombo, Colombo, Sri Lanka

AND

N. D. W. LIONEL
Late of Department of Pharmacology, University of Colombo,
Colombo, Sri Lanka,

(Date of receipt : 15 November 1984)
(Date of acceptance : 30 January 1985)

_ Abstract: Chronic local administration of sodium meclofenamate, a prostaglandin
synthesis blocking drug, to epididymis of rats via silicone rubber rods (3.5 mm
dia. and 10 — 12 mm length) containing 50% drug produced an irreversible suppress-
sion in fertility. This effect was accompanied by a reduction in libido, ejaculatory
competence, motility of epididymal sperm and the weights of seminal vesicles and
coagulatory glands. Furthermore, mild to moderate necrosis in tunica vaginalis
and scrotal sacs was evident, However, a lower dose (25% rods) failed to induce
any significant change in fertility nor did it produce any of the above undesirable
side effects.

1. Introduction

Prostaglandins are present in vasa deferentia and epididymides of several
species #® including the rat.” 1 Although the precise role of prostag-
landins in epididymal [unction is unknown, it is suggested that they are
involved in regulation of their spontaneous contractions,” orgasmic
contraction 11 12 and processes of maturation of sperm within it. 1%
It should therefore be possible to alter fertility potential of males by
prostaglandin synthesis blocking drugs. Indeed, a reduction in fertility
of male rats has been demonstrated with chronic local application of
aspirin, a prostaglandin synthesis blocking drug to  epididymis.’’
However, the antifertility efficacy of aspirin in this study was found
to be low. The present study was thercfore, undertaken to investigate
the effects of a therapeutically more potent prostaglandin synthesis
blocking drug, sodium meclofenamate when administered locally to
epididymis of rats. Sodium meclofenamate (Meclnmen® ; N-(2,6-
dichloro-m-tolyl) anthranilic acid, sodium salt, monohydrate; Warner-
Lambert Co., U.8.A.) is the most potent known inhibitor of prostag-
landin synthesis in synthetase systems of mammalian origin.”
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2. Experimental
2.1 Animals

Healthy adult laboratory bred mixed strain rats of proven fertility (males
weighing 275 — 300g and females weighing 200 — 225g) were used. They
were housed in a well ventilated animal house at a temperature of 28 — 30°C
with a natural photoperiod (approximately 12h. light and 12h. dark daily).
All rats had free access to [ood (rat pellets, Moosajees Ltd., and green leaves)
and tap water.

2.2 Construction of sustained-release drug delivery system

Silastic formulations containing 25% and 50% sodium meclofenamate were
prepared in the form of rods (3.5mm, dia. and 10 — 12mm, length) by
mixing known weights of powdered sodium meclofenamate and poly-
siloxane polymer (silastic 382, Medical Grade Elastomer, Dow Corning
Corp. Midland, Michigan, U.S.A.) in a pestle and mortar, followed by the
addition of the curing agent (stannous octoate). The resulting homogeneous
mixture was expressed from a 5 ml disposable syringe into polythene tubing
and allowed to set. Control rods consisting entirely of silastic were also
prepared.

2.3 Insertion of rods to epididymis

Insertion of rods was made under mild ether anaesthesia using aseptic
precautions. A rod containing 50% sodium meclofenamate (13 rats), or 25%
sodium meclofenamate (6 rats) or a drug-free rod (10 rats) was placed
adjacent to each epididymis via an incision made in the scrotal sac and in the
tunica vaginalis of each side as described in detail elsewhere.'® The day of
msertion of rod was designated as day O,

2.4 Assessment of fertility

Libido, cjaculatory competence and fertility of the operated animals were
tested on day 3 and 7 and then approximately at weekly intervals for 2
months by pairing each male overnight with a pro-oestrous female, which
had had a regular 4 day vaginal cycle. Insemination was confirmed by the
presence ol spermatazoa in the oestrous vaginal smear on the following
morning (between 7.00 and 8.00 a.m.). If spermatazoa were present their
numbers in the vagina were estimated. In the absence of spermatozoa daily
vaginal smearing of the females was continued to check pregnancy or
pseudopregnancy. At 8 — 10 days post coitum, the females were laparoto-
mized and the number of embryos present in cach uterine horn was counted.
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2.5 Motility of epididymal spermatozoa

‘Motility was assessed in a separate series of experiments with 6 rats, each

of which was fitted with one 50% sodium meclofenamate rod adjacent to
one epididymis and one drug-free adjacent to contralateral epididymis.
At day 7, these rats were anesthetized and spermatozoa from a portion of
the cauda epididymis were extracted into saline (NaCl 9g/l) and their
motility graded on a subjective scale from 0 (immotile) to 5 (greatest motility
ever observed). In addition, these spermatozoa were examined micro-
scopically (x 400) for major abnormalities.

2.6 Reproductive organ weights and pH determinations

Six rats were [itted with a single 50% sodium meclofenamate rod adjacent to
each epididymis and 6 with a single drug free rod adjacent to each epididy-
mis. On day 7, the animals were killed, weighed and their testes, epididy-
midis, vasa deferentia, seminal vesicles and coagulatory glands were excised,
defatted, blotted free of any blood and weighed separately on a Mettler
analytical balance. The weights of these organs are represented as a percent-
age of body weight. Equal weights of seminal vesicle of the treated and
the control rats were then homogenized with 10 ml distilled water and pH
of these were assessed using a Beckman .pH meter.

2.7 Autopsy

On day 60, all survivors (26 rats) were sacrificed and their gastrointestinal
tract and reproductive systems were examined grossly for any abnormalities.
The 3 rats which died on day 3 were also subjected to an identical
procedure.

2.8 Nerve-induced mechanical response of isolated vasa deferentia

In 6 rats, vasa deferentia were rapidly removed under mild ether anaesthesia
and carefully cleaned from loose connective tissue and fat. The preparatlons
were mounted at 1.0g tension in a 50 ml organ bath maintained at 37 & C
in a phvsm]nglcal salt solution of the following composition (mM/1). Na ;
143; K, 5.8; Ca*™, 2.6; Mg"™, 1.2, €I, 128; HoPO,—, 1.2; HCO4 ™, 25
S04, 1 2 and glucnsc 11.1. The so]ut;on in the organ bath was conti-
nuously bubbled with 5% COgq in O, Contractions were elicited by trans-
mural stimulation through platinum ring electrodes using SRI stimulator for
5 sec at a frequency of 5H, with impulses of 0.5m. sec duration and 90V
and recorded ismoterically ‘on a Bioscience pen recorder. Sedium meclo-
fenamate was then added cumulatively, increasing the concentration every
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15 min. and response to electrical stimulation was recorded at each dose
studied (2, 10, 20, 50 or 100 u g/ml). Contractile response in the presence
of drug were expressed as a percentage reduction of the organs response to
transmural stimulation prior to drug addition.

2.9 Release rate from 50% sodium meclofenamate rods

A single weighed 50% sodium meclofenamate rod was fitted adjacent to each
epididymis of 6 rats. These rods were removed on day 8 and dried at 60°C
until a constant weight was reached. The quantity of drug released during
this period was estimated by substracting the final weight from the initial
weight. The release rate was then computed assuming a constant release
profile from the rod. However, this is, at best, an approximate estimation.

3. Results

During the study, 3 rats fitted with 50% sodium meclofenamate rods died;
the first on day 2 and the others on day 3. The cause of death appears to be
drug-related as autopsy revealed lesions representing gastrointestinal
intolerance and peritonitis. These 3 rats were excluded from the present
study. The general appearance of the majority of the remaining animals
was normal as was evident by their behavioural responses and undiminished
food and water intake. However, 6 rats fitted with 50% sodium meclofena-
mate rods developed, between day 20 — 35, mild to moderate bilateral
necrosis in the areas of tunica vaginalis and scrotal sacs adjacent to the
site of implantation of the rod.

3.1 Assessment of fertility

The 50% sodium meclofenamate rods caused a marked impairment of libido
as was indicated by complete absence of spermatozoa in vaginal smears and
by the absence of the pseudopregnant state ol the females paired with
treated males ; 19 out of 58 pairings did not result in successful mating.
In contrast, in 25% sodium meclofenamate and control groups successful
mating took place in 26 out of 30 and 87 out of 88 pairings respectively.
Furthermore, at successful matings, the vaginal sperm counts of 50% sodium
meclofenamate group was less than 0.1 million, while that of 25% sodium
meclofenamate and control groups exceeded 5 million.

The fertility of the 25% sodium meclofenamate and control groups was
unimpaired throughout the study as indicated by the normal complement
of embryos (6 — 11) in the females with which they were paired. On the
other hand, in 50% sodium meclofenamate group, fertility was reduced in
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all animals; no embryos were detected in 19 pairings while low numbers
(3 — 7) were observed at 21 pairings. The fertility was restored to normal
level only in one animal in this treatment group. These data are summarized
by calculating at each time interval, the fertility index, where fertility
index = total number of embryos/number of successful matings at that time
interval. The summary Table 1 shows that there is a significant reduction
in the fertility index of animals treated with 50% sodium meclofenamate
(Mann-Whitney test, P<0.05).

3.2 Motility of epididymal spermatozoa

The average motility score of sperm on the treated side was 2,50 £ (.22
(mean + s.e.m.) and that on the control side was 4.67 + 0.21. This differ-
ence was statistically significant (P<0.05, Mann-Whitney test). Further, there
were no major morphological abnormalities in spermatozoa of the treated
side.

3.3 Reproductive organ weights and pH measurements

The average weights of testes, epididymidis, vasa deferentia, seminal vesicles
and coagulatory glands and pH of seminal vesicular homogenate of 50%
sodium meclofenamate trcated rats were 1157 + 33mg, 450 + 33mg, 99 +
08mg, 229 *+ 34mg and 33 + 04 mg and 6.37 * 0.04 respectively. In the
control rats, corresponding values were 1089 + 40mg, 420 + 20mg, 83 +
07mg, 394 * 32mg and 93 + 27mg and 6.4 * 0.09. A signilicant reduction
in the weights of seminal vesicles (P<0.02) and coagulatory glands (P<O 05)
was evident with Student unpaired t-test.

3.4 Autopsy

The 3 rats that died during drug treatment (50% rods) had gastric and
intestinal lesions. Ulceration of gastrointestinal tract as a side elfect has been
reported in rats following chronic oral administration of sodium meclo-
fenamate in high doses.”® The cauda epididymidis of rats with 50% sodium
meclofenamate rods were distended and 5 animals had developed bilateral
spermatic granulomas. The vasa deferentia, on the other hand, were devoid
of any sperm granulomas. In contrast, the abdominal viscera and reproduc-
tive organs of 25% sodium meclofenamate and control group appeared
normal and no granulomas were observed in the epididymidis and vasa
deferentia. Furthermore, the silastic rods in all rats remained adjacent to
epididymidis without much displacement from their original positions.
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3.5 Nerve-induced mechanical response of isolated vasa deferentia

The vasa deferentia responded to nerve stimulation by eliciting an initial
rapid ‘twitch’ (amplitude, 3.4 £ 0.25g) and secondary sustained contraction
(amplitude, 1.23 £ 0.15g) as reported by other workers. 218 A5 shown
in Table 2 sodium meclofenamate signilicantly depressed both components
of the response, from above 10 u g/ml (P<0.05, paired t-test).

Table 2: Effect of sodium meclofenamate on the isometric longitudinal response to
nerve stimulation.  Responses are expressed as a percentage reduction of
pre-drug control mean £ s.e.m. (N =10 — 12)

Response ( % reduction )
Concentration of ;

drug (ug/ml)

Twitch y Secondary
2 7.1 48 ' 9.3 1.5
10 42.2£5.35 44.0 10
20 46.6 £7.1 56.8 6.2
50 443 +6.1 48.6 £ 8.5
100 56.0£6.7 ' 64.2 £ 4.1

3.6 Release rate from 50% sodium meclofenamate rods

The average rate of release of drug per day from 50% sodium meclofenamate
rods was 8.4 £ 0.6mg.

4. Discussion

The results of the present study show that chronic insertion of silastic rods
containing 50% sodium meclofenamate rods adjacent to epididymis of rats
caused a reduction in fertility and libido. Both these effects were permanent
throughout the period of study. A lower dose of drug (25% rods), neither
suppressed fertility nor libido. In contrast, aspirin when applied locally to
epididymis ol rats has been shown to reduce fertility with no concomitant
teduction in libido,*? : '

Several [actors may have contributed for the antifertility effect
observed in the study, but the production oligospermic ejaculates is probably
the principal factor. At the initial phase (up to about 21 days) of the study,
such an effect could have resulted from an impairment of ejaculation, which
is consistent with the observation that sodium meclofenamate reduced
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considerably nerve-induced contractions of isolated vasa deferentia. More-
over, in therapeutic doses, naparoxen, another prostaglandin synthesis
blockmg drug has been reported to cause impairment of ejaculation in
men.'? In view of the present method of administration and high release
rate of drug (approximately 9mg/day) injury or physiological changes in
the nerves and smooth muscle of the epididymis may occur. This too may
have contributed, to the production of oligospermic ejaculates as distur-
bances in ejaculatory phenomenon is reported with injury or alteration of
the nerves and muscles supplying the ejaculatory system.!® Infertility at
subsequent stages could have resulted from an impairment in spermato-
genesis or due to blockage of sperm transport from mechanical occlusions
in the epididymal tubules by the sperm granulomas which were evident in
majority of the animals treated with 50% sodium meclofenamate. The
former mechanism is unlikely as prostaglandin synthesis inhibitors promote
s.pvf:rmatogenesm1 and prostaglanclms suppress spermatogmcs;s ! The lack of
restoration of 1erL1]1ty in treated males (50% rods) can be attributed to
sperm granulomas in cauda epldldymls, as it is known that sperm granulo-
mas impair fertility permanently.? There is no conclusive evidence about
- the mechanism/s responsible for the reduction in libido observed in the
study, but it is likely to be due to a reduction in androgen output from
testes since a significant depression in wet weights of seminal vesicles and
coagulatory glands was observed. Male libido '* and structural and functional
integrity of sexual accessory glands are androgen-dependent.” 13 At later
stages of study (after day 20) in particular, physical trauma arising from
drug-induced lesions in the tunica vaginalis and in scrotal sacs may have been
partly responsible for the suppression in libido as it is known that discomfort
at site of sperm granulomas occur during sexual excitement of ejaculation®’
and that stress, physical or mental, decline sexual drive in men,® In addition,
it is likely that impairment of sperm motility together with a change in
biochemistry of semen and fertilizing potential of sperm may have played
a substiantial role in inducing the observed antifertility effects. Alteration
in semen biochemistry and fertilizing capacity of ejaculated sperm but not
in sperm numbers or sperm motility has been suggested as posaible
mechanism for antifertility recorded with local application of aspirin to
epididymis.!’

In conclusion, this study provides confirmation that prostaglandin
synthesis inhibiting drugs reduce fertility of male rats when administered
locally to epididymis, previously shown with aspirin.!® Further, although
aspirin and sodium meclofenamate are both prostaglandin synthesis inhibi-
tors bringing about. antifertility cffects in male rats, it becomes evident
that they operate via different mechanisms,
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EVALUATION OF A MASTTITIS CONTROL PROGRAMME ADCPTED

IN SMALL DAIRIES IN THE DISTRICT OF COLOMBO

U. G. J. 5. WICKRAMASURIY A*

Veterinary Investigation Centre, Welisara, Ragama, Sri Lanka.

(Date of receipt : 05 March 1984)
(Date of acceptance : 06 February 1985)

Abstract: In this programme on the control of mastitis, dairy farmers were advised
on correct milking procedure and good hygiene at milking time. All milking cows
were individually tested by means of the California Mastitis Test (CMT) and the
animals were arranged in the correct milking order, All the sub-clinical and clinical
cases of mastitis were treated during the first two rounds of testing. All clinical cases
were treated throughout the programme. A teat dip was used. All milking cows
going dry, were infused with a Dry Cow antibiotic infusion, The status of mastitis
in ten small dairies supplying milk to National Milk Board, Narahenpita selected at
random, was 30.7% cows positive and 14.1% quarters positive. The control
programme was carried out for a period of one and half vears period reducing the
status to 13,1% cows positive and 5.2% quarters positive. By the end of the
programme, the status of mastitis was reduced by 57.3% in cows and 63.1% in
quarters from the original status at the beginning of the programme. The cost of the
programme for a Farm Unit for a year was reasonable and the estimated benefit was
over double the cost of the programme, for a year. Therefore the programme
is recommended.

1. Introduction

In a previous study,® to assess the animal husbandry status of the dairies
and the attitude of dairy farmers towards modern farming methods, it was
seen that a majority of dairy farmers in Colombo and Gampaha districts
do not adopt modern methods in dairy farming.

A preliminary survey on incidence of mastitis in Sri Lanka revealed an
estimated loss of Rs. 4.3 million occurring annually due to this condition.”
The estimates were based mainly on data from large Government Farms,
although a large percentage of milk (about 80%) in this country is produced
in small farms.

The purpose of this study was to ascertain the mastitis status among
cattle and buffaloes in small holdings and to evaluate the efficacy of a
simple programme for control.

* Present address: Veterinary Department, Colombo Municipal Council, Maligakanda, Colombo 10.
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2. Materials And Methods

The list of milk suppliers to the National Milk Board in the district of
Colombo was obtained from its Head Office at Narahenpita, in June 1977.
Out of a total of 200 dairies on the list, ten were selected at random for the
study. These ten dairies had a total of 101 milking cows and she buffaloes
and the herd size in each ranging from 9—15 milking cows,

All quarters of cows lactating at the time of conducting the study,
were tested by the California Mastitis Test (CMT) twice within a period of
three weeks. The quarters that were clinically affected and those that gave
positive reaction to both tests were considered positive (i.e. one round of
testing). There were five rounds of testing at two to three months intervals.
Effects of the programme were evaluated after the conclusion of the fifth
round of testing.

At the time of the second visit in the first and the second rounds of
testing, all sub-clinically affected and all clinical cases at all times during
the programme were treated with one of the following antibiotic intra-
mammary infusions, Streptopen Milking Cow (Glaxo) containing penicillin
and streptomycin, Orbenin L.A. (Beecham International) containing Cloxa-
cillin and Terramycin (Pfizer) containing Oxytetracycline HCL, at random.
A sample ol milk was collected aseptically before the infusion and sent to
the Veterinary Research Institute (V.R.I.), Gannoruwa for bacteriological
tests, namely, for isolation of organisms and antibiotic sensitivity tests.

In addition, on the first visit, the farmers were requested to adopt
the following mastitis control programme: (a) washing and cleaning of
milkers” hands with soap and water before milking, (b) washing and cleaning
of the udders with soap and water before milking, (c) quick and complete
milking of cows, (d) alternate milking of right and left side of the quarters
(alter the observations made at first round of testing), (e) Dipping of teats
immediately after milking in a disinfectant (0.5% Hibitane —ICI with 5%
glycerine as emolient), () treatment of sub-clinical cases at first and second
rounds of testing and treatment of all clinical cases at all times, (g) milking
order design on basis of C.M.T. , i.e.(i) heifers in first lactation, (i1) healthy
cows without history of mastitis, (iii) cows recovered from mastitis, (iv) sub-
clinical cases of mastitis under treatment, and (v) clinical cases of mastitis
under treatment, (h) use of clean water in the dairy, and (i) use of Dry Cow
antibiotic infusions on all cows going dry.

The dairies were closely supervised to ensure that the farmers adopt
the recommended programme. Four farmers who did not cooperate were
dropped out of the programme.

All cows going dry were infused with either Streptopen Dry Cow
(Glaxo) containing penicillin and streptomycin or Orbenin Dry Cow
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(Beecham International) containing benzathine cloxacillin, at random.
The mastitis status of each quarter before infusion was known.

Sixty samples of milk collected aseptically, at random, from clinical
cases and sub-clinical cases were sent to the V.R.L for bac teriological exam-
inations and antibiotic sensitivity test (ABS).

3. Results

At the beginning of the programme there were ten dairies with a total of
101 milking cows and she buffaloes. Due to lack of cooperation from
farmers, the programme was carried out to an end (upto fifth round of
testing) only in six dairies, with 46 milking cows in all.

The overall prevalence of mastitis (sub-clinical and clinical) at the
beginning of the programme was 30.7% cows and 14.1% quarters positive
(Table 1). The prevalence was reduced to 13.1% cows and 5.2% quarters
positive at the fifth and the final round of testing, The incidence of mastitis
(sub-clinical and clinical) was calculated between the periods between
Ist—2nd, 2nd—3rd, 3rd—4th, 4th to 5th rounds of testing as shown in
Table 2. It was observed that overall incidence of mastitis was reduced from
13.9% cows and 7.0% quarters positive from 1st—2nd round, to 8.7% cows
and 3.3% quarters positive at 4th—5th round. Likewise, incidence of clinical
mastitis at the beginning of the programme was 4.4% cows and 1.6% quarters
positive (see Table 3) and was reduced to 1.9% cows and 0.9% quarters
positive at the end of the proramme. Table 4 shows overall percentage
reduction of prevalence from one round of testing to another as compared
to status at the beginning of the programme,

It was found that at the first round of testing, the prevalence of
mastitis was higher in the left side quarters (left front 21.8% and left rear
14.1%) than the right side (right front 12.8% and right rear 12.8%). Also
prevalence of two front quarters were higher than the two rear quarters
(front quarters 34.1% and rear quarters 19.4%).

Of the sixty samples of milk examined at V.R.L, the organisms
isolated from samples in the descending order were streptococei spp., staphy-
lococci spp., Gram negative rods and Gram positive rods (see Table 5).
No isolations were made from seven samples.

Table 5. Organisms Isolated

No. of Isolations % of Isolations
Streptococci spp. 19 35.9%
Staphylococci spp. 16 30.2%
Gram — ve rods 15 28.3%
Gram + ve rods 3 5.7%
53 100.0
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It was seen that most isolates streptococci spp. were sensitive to
penicillin and streptomycin (see Table 6) while most isolates of staphylo-

cocci spp. were sensitive to penicillin, streptomycin and chloramphenicol.

Table 6. — Antibiotic Sensitivity Test

Total No.

Isolate. ‘of isolate. Penicillin.  Streptomycin. Chloramphenicol. Oxytetracycline.
Streptococci spp. 18 15(83.3%) 16(88.9%) 12(66.7%) 7(38.9%)
Staphylococci spp. 16 13(81.3%) 15(93.8%) 13(81.3%) 9(56.3%)
Gram —ve rods 14 6(42.9%) 10(71.4%) 12(85.7%) 6(42.9%)

Gram +ve rods 3 1(33.3%) 3(100%) 3(100%) 3(1004)

Results of antibiotic therapy on clinical and sub-clinical cases of
mastitis using penicillin and streptomycin intramammary infusion (Strepto-'
pen-Glaxo), cloxacillin intramammary infusion (Orbenin —Beecham Inter-
national) and oxytetracycline HCl infusion (Terramycin-Pfizer) are shown
in Table 7.

Table 7. — Antibiotic Therapy (Clinical and sub-clinical cases)
No. of Quarters No. of Quarters which % Reduction of Mastitis
Antibiotic. Treated. Recovered
Penicillin-
Streptomycin 24 17 70.8
Cloxacillin 26 16 61.5
Oxytetracycline 20 11 ; 55.0

All animals that were treated with an antibiotic infusion were tested
with CMT after 3-4 weeks of infusion and quarters that were negative
for both tests were regarded as recovered.

The effects of the use of Dry Cow infusion is shown in Table 8.

Table 8. — Antibiotic Therapy {Dry Cow Treatment)

No. of Quarters  No. of Quarters No. of cases No.of % reduction of
Antibiotic infused. positive at of mastitis new cases mastitis during
drying off. climinated.  of mastitis.  dry period.
Cloxacillin oy 13 14(93.3%) 1 86.7
Penicillin
Streptomycin 80 13 13(92.3%) 1 84.6

All cows inlused with dry cow infusions were tested with CMT three
weeks after calving and a%%imeaﬁ{%wﬁgm’pﬁ%@%‘é@ks time. Quarters that were

7 m.org am.media ,
negative for both tests were regarded as those which had been cured.



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/

Evaluation of a Mastitis Control Programme adopted in small Dairies 25

4. Discussion

The presence or absence ol organisms in the milk sample conveys little
information regarding the status of mastitis in an udder. It has been observed
70% and 80% quarters at any time were shedding pathogenic staphylococci,
though there were very little mastitis in the herds concerned® and the milk
production appeared to be normal. Somatic cell levels were comparable
with the normal levels which had been previously reported.

An exudation and emigration of cells are the first sign of inflamatory
reaction in the udder and the California Mastitis Test (CMT) which gives
an indication of cell count, is a satisfactory diagnostic tool in a control -
programme.

It has been observed by some workers that the incidence of mastitis
was higher in rear quarters. In Sri Lanka, Rupasinghe and Kulasegaram®
observed that the incidence of mastitis was higher in the anterior quarters,
but no explanation was given. In the present study, higher incidence of
mastitis was recorded on the left side than on the right side of the udder.
All these cows were hand milked. The reason is probably incorrect milking
method. Almost all these milkers sit on the lelt side of the cow and drag
down the thumb and the foret‘inger along the teat squeezing milk out instead
of bending down the four fingers in a rhythmical manner against the thumb.
These milkers first milk the left side quarters first to finish and start milking
the right side quarters without giving rest to the fingers. So that the trauma
on the udder due to incorrect milking procedure is higher on the left side
than on the right side. This is probably a major factor causing mastitis on
the area, -

Streptococcal spp. were the most predominant type of infection
causing mastitis in diflerent countries. But lately, with the intensive use of
penicillin in the treatment of mastiiis, use of milking machines, and use of
teat-dips has changed the picture from streptococcal infections to staphy-
loccal infections. But in this country, in the area under study, the picture
still remains the same as streptococcal infections were the predominant
type. In this area farmers do not misuse antibiotics to the level to that
which happens in certain countries and also a considerable number of
dairy farmers resort to indigenous treatment.® These farmers do not use
rmlkmg machine and disinfection teat-dips.

In the antibiotic sensitivity test (ABS), it was found that most
isolates of streptococci spp. are sensitive to penicillin and streptomycin.
Most isolates ol staphylococci spp. are sensitive to penicillin, streptomyein
and chloramphenicol (Table 6) According to Linton,* sensitivity shown on
artificial media (in wvitro) depends on factors such as concentration of
antibiotics on discs, rate of diffusion of a drug in medium, Gram negative
and positive organisms (same drug required to produce standard zone with
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Gram negative organisms is usually much greater than is required to produce
a comparable reaction with Gram positive organisms), size ol antibiotic
molecule (chloramphenicol has a smaller molecular size and produce a
greater zone of inhibition, giving false impression of sensitivity). As such,
action ol antibiotics such as penicillin, streptomycin, cloxacillin and oxytet-
racycline were estimated by infusing into the alfected quarters, During this
programme treatment of sub-clinical cases were tried during the first two
rounds with success. This is because the average cow in this area is not a
high yiclding cow® and as such there is no dilution of antibiotic to an
extent that would happen in a high yielding cow.

Intramammary infusions containing combinations of penicillin and
streptomycin were the best in treatment of mastitis in the area. This is
cxpected as mentioned carlier, dairy tarmers in the area do not use anti-
biotics intensively.

The use of Dry Cow infusions showed that cloxacillin {Orbenin
Dry Cow-Beecham International) reduced 86.7% of mastitis during dry
period and penicillin and streptomycin combination (Streptopen Dry Cow-
Glaxo) by 84.6% which is very satisfactory. Though farmers may believe
that it is expensive to use dry cow infusions, it is evident on cost-benefit
analysis, that its use is justified in spite ol its cost (see below).

The primary aim of the programme was to reduce the incidence of
mastitis. The different level of reduction of incidence (see Table 2) in
dilferent farms were due to differences in management practices, interest
of farmers in listening to advice on control measures, heliefs of farmers,
economic conditions, closing down of farms, etc. Some farmers attend to
animals personally but some live clsewhere giving the responsibility of
looking after the animals to others. With all types of differences, the overall
incidence of mastitis was reduced satisfactorily, from 13.9% cows and
7.0% quarters positive to 8.7% cows and 3.3% quarters at the end of the
programme. This is a reduction in incidence of mastitis from its original
level (1st — 2nd test) by 39.2% cows and 52.9% quarters. The prevalence
was reduced from 30.7% cows and 14.1% quarters positive to 13.1% cows
and 5.2% quarters positive. This is a reduction from its original level (at
first testing) by 57.3% in cows and 63.1% in quarters.

Cost-Benefit Analysis

Cost of the Programme to farmer :—

An average [arm in the area has 9 cows and the average milk yield

per day is 8.5 litres.® Price of intramammary infusion as Rs. 17/- per
tube,
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Cost of intramammary infusions at 1st & 2nd rounds = Rs. 17x9.3x3
(three tubes for each affected quarter) = Rs. 474.30
Cost of treatment of clinical cases 1st to 5th round = Rs. 17x2.3x3
= Rs. 117.30
Cost of Hibitane solution for one year = Rs. 50.00
Cost of dry cow infusions (for 9 cows) = Rs. 17x4x9
: ; ‘= Rs.612.00
Total cost to farmer = Rs. 1203.60
Benefit:-

Assuming that the loss of milk due to sub-clinical mastitis as 20% of
the total production, '

Loss per farm Unit = 9 x 3.5 x 20% = 6.3 litres.

Taking average price of milk as Rs. $/- a litre and assuming that
average lactation period is 200 days.

The loss for one year from 9 cow unit = 6.3 x 200 x 3 = Rs. $780.00
At incidence of 1.6% clinical mastitis no. of quarters affected in
afarm Unit = 9 x 4 x 1.6% = 0.6 quarters.
Loss due to 0.6 quarters per year = Rs. 3 x 0.5 lit. x 200 days
= Rs, 315.00
Total loss per year from one farm Unit = Rs. 3780 + Rs. 315
= Rs. 4095.00
Net profit per year = Rs. 4095 - Rs. 1203.60 = Rs. 2891.40

Total income from an average cow = Rs. 3x3.5x200 = Rs. 2100.00

Therefore the prolit a farmer gets from the recommended mastitis
control programme is roughly the profit of maintaining two more cows.

If the mastitis situation was not arrested, the intensity of the diseasc
would have progressed throughout subsequent lactations and would have
resulted in a total loss or further loss in milk production.
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EFFECT OF TEA BREW ON THE URINARY EXCRETION AND
TISSUE — DISTRIBUTION OF #C—CAFFEINE IN THE RAT

E. H. KARUNANAYAKE AND S.S.S.B. D. P. SOYSA
Department of Biochemistry, Faculty of Medicine
University of Colombo, Colombo, Sri Lanka.

(Date of receipt : 21 January 1985)
(Date of acceptance : 26 February 1985)

Abstract : he effect of tea brew on the excretion and dssue distribution of
(1—methyl—_'C) caffeine was investigated. Following oral administration of
{(1—methyl—" "C) caffeine to male and female rats, the radioactivity was excreted

(approx. 62% and 70% respectively) mainly in the urine, the greater part of the
excretion occuring during 12 — 24h period; small amounts (approx, 7% and 9%
respectively) were found in the urine. In contrast, the oral administration of
(1—methy]—14C) caffeine with tea brew resulted in an enhanced (approx. 70%
and 78%) urinary excretion of radioactivity. The major urinary excretion again
occuring during 12 — 24h period. Major differences were apparent in the tissue-
" distribution studies. The radioactivity in the stomach declined faster when caffeine
was administered with tea than when pure caffeine was administered. In contrast,
the radioactivity profile for blood showed a higher specific activity over a longer
period when caffeine was administered with tea. The overall studies indicate that
tea brew, probably reduce tissue uptake of caffeine and enhances urinary excretion,

1. Introduction

Caffeine is a widely consumed pharmacologically active food constituent.
It occurs naturally in tea, coffee and is also used as a food additive as in
chocolates and cola type soft drinks. Caffeine is a central nervous system
stimulant which increases cardiac output, induces diuresis and results in
a variety of psycho-pharmacological effects. 11, 15

Until recent times, caffeine was considered as a safe food additive.
However,> due to recently developed evidence concerning the capacity of
caffeine to cause birth defects, the concern of the Food and Drug
Administration of the United States (USFDA) has shifted from caffeine’s
potential behavioural effects to its potential teratogenicity.12 For example,
intraperitoneal administration of caffeine to pregnant mice at dose levels
of 200—-250 mg/kg was embryotoxic and affected palate and limb
development of the fetuses.!® 141820 A gingle subcutaneous injection
of mice with 200 mg/kg of caffeine produced hematoma, clubfoot and
digital defects, while higher dosages (300—400 mg/kg) produced offsprings
that exhibited digital and facial deformities and muscular development
disorders, 25
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Similar but variable teratogenic effects have been observed in rats?!
and rabbits.> The Food and Drug Administration while reviewing these
data’ indicated the possibility that at sufficiently high level of exposure,
well above what humans are exposed to in the diet, caffeine can cause birth
defects in animals. Subsequent studies sponsored by the FDA have further
confirmed the potential teratogenic properties of caffeine.

The results of these studies received considerable publicity resulting
In a citizens petition to the USFDA requesting that all caffeine containing
beverages be labelled as harmful to health.’ So far the investigations by
USFDA have been confined to the usage of caffeine as a food additive and
regulations are under consideration by USFDA according to which all
caffeine containing manufactured beverages are required to be labelled
as harmful to health, '

In contrast, caffeine occurs naturally in both coffee and tea, In coffee,
calfeine is chemically bound with chloregenic acid to form K-caffeine-
chloregenic-acid complexm whereas in tea, caffeine is thought to be
complexed with polyphenolic substances which bind very strongly with
caffeine® 22 This complex is insoluble in cold water at neutral or acid pH
and may influence the rate of assimilation of caffeine.?* Thus it has been
claimed! %> 10 that caffeine is assimilated more slowly from tea than from
coffee or aqueous solutions and that this may modify the pharmacological
action of caffeine in tea in such a way as to reduce or eliminate any known
harmful effects. The claim has, however, been disputed” as a result of
observations on the levels of plasma caffeine following the administration
of tea or coffee to human subjects.

Thus it seems, that the scientific data presently available on the role
ol tea and its components on the pharmacological effects of caffeine is
rather diffuse and conflicting. The need for the availability of such data is
ever increasing in view of the teratogenic effects of caffeine as previously
described. Furthermore these investigations may provide evidence against
any possible extension to tea, of regulations applicable to ‘synthetic
beverages containing caffeine.

2. Materials and Methods
2.1 General
All chemicals used were of an anélytical grade. (1—Me.thy1—l4C)- caffeine
was obtained from New England Nuclear (Boston, Mass, USA). Samples

of Broken Orange Peckoe (B.O.P.) tea were gifts from the Tea Research
Institute, Talawakelle, Sri Lanka.
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2.2 Preparation of ( 1——Mcthyl.—14C)—caffeine

(1—Methyl-*C) caffeine (specific radioactivity 0.10 m ci/ml) was diluted
with cold caffeine and recrystallised from water to constant activity. The
radio-purity was further confirmed by radiochromatography. The product
had a specific activity of 0.21 u ci/mg.

2.3  Preparation of tea brew

Tea (10 g) was placed in a flat bottom Quickfit flask (1 1). Boiling water
(400 ml) was added to it and the contents were refluxed for 10 min. At the
end of this period the mixture was filtered through muslin cloth into a
Volumetric flask (500 ml). The tea residue was washed with warm distilled
water (approx. 4 x 25 ml) and these washings were used to make upto the
mark (500 ml) of tea brew. The concentration of caffeine in this prepared
tea brew was 0.1062 mg/ml.

2.4 Experimental animals

In all experiments Sprague-Dawley rats (200 = 15 g body wt.) maintained on
a standard laboratory diet were used.

2.5 Dosage and Administration of Drugs

In experiments with pure caffeine, (1—methyl—!*C)—caffeine (specific
activity 0.21 u ci/mg) was dissolved in distilled water (10 mg/ml). When
caffeine was administered with tea, (l1—methyl—#C)—caffeine (specific
“activity 0.21 u ci/mg) was dissolved in the tea brew (10 mg/ml) prepared
as described prevmusly The tea brew containing dissolved caffeine was then
incubated for 30 min at 37°C before administration. The endogenous
caffeine content (0.1062 mg/ml) in tea was assumed to be negligible.
Different preparations were separately administered via a stomach tube while
the animal was under light diethyl ether anacsthesia.

2.6  Radiochemical techniques

Radioactivity counting was carried out on a Beckmann LS100C liquid
scintillation counter. For aqueous samples, a dioxan system was used,
comprising naphthalene (60 g), 2,5—diphenyloxazole (4 g), 1,4—bis—
(5—phenyl—oxazol—2—yl)—benzene (0.2 g), methanol (100 ml) and
ethylene glycol (20 ml) made upto 1 litre with dioxan. Heterogenous
samples (e.g. tissue homogenates) were counted for radioactivity in the
dioxan system after gelling (5% w/v) with Cab—O—Sil (Packard Instrument
Co., Wembly, Middx., U.K.).
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2.7 Excretion Studies

After administration of the appropriate preparation of caffeine, the animals
(6 males and 6 females for each experiment) were placed in individual
metabolism cages, where urine and faeces were collected separately after
6h, 12h, 24h and 48h and were assayed for radioactivity as previously
described.

2.8 Tissue-distribution Studies

Rats were separately administered with either pure caffeine or caffeine with
tea. Animals were killed at 1h, 3h, 6h, 12h, 24h and 48h after the drug
treatment. Tissues were rapldly excised, dried on filter paper ‘and weighed.
Samples of tissues (0.1 — 1.0 g) were homogenised in sucrose (0.32M,
5 — 40 ml) and aliquots of homogenates were assayed for radioactivity as
described above. '

3. Results and Discussion
3.1 Excretion Studies

The urinary excretion of radioactivity following the oral administration
of (100 mg/kg body wt.) (1—methyl-'#C) caffeine and (1—methyl-1#C)
caffeine with tea was investigated in both male (n=6) and female (n=6)
rats. Urine and faeces were collected after 6h, 12h, 25h and 48 hours.
The results are given in Table 1.

Following oral administration of (1—methyl—1#C) caffeine to male
rats approx. 62 percent of the rddioactivity appeared in the urine over the
48h experimental period, the major proportion (33 percent) appearing
during 12 — 24h period. The excretion pattern in the female, though not!
markedly different from male animals, showed an enhanced urinary recovery
(approx. 70 percent during 48h). In both sexes appreciable amounts (7 — 9
percent) were present in faeces. Although this may be interpreted as -
evidence for either biliary or intestinal excretion of administered radio-
activity, the possibility of some contamination of faeces by the urine cannot
be ruled out. The overall urinary and faecal excretion of administered
radioactivity in the male was approx. 69 percent, while in the female, it
was approximately 79 percent. However, the analysis of this data by student
t-test showed no statistically significant sex difference in the excretion of
administered radioactivity,

In contrast, when (1-methyl-%C) caffeine was administered with
tea, the total urinary recovery of radioactivity during 48h in the male and
female was approx. 67 percent and 78 percent respectively, once again
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the major proportion appearing during 12 — 24h period. Faeces contained
approx. 7 percent. The overall recovery of administered radioactivity in the
male was approx. 73 percent while in the female it was approx. 85 percent.
It is also apparent that the incorporation of *C—labelled caffeine into tea
infusion, resulted in an enhancement of urinary recovery of administered
radioactivity by approx. 5 and 9 percent in the male and female respectively.
This latter observation may suggest that caffeine in tea is absorbed to a
lesser extent by the tissues than pure aqueous solution of caffeine and this
effect appears to be more pronounced in the female than in the male. This
possibility is further strengthened by the fact that the urinary excretion of -
administered radioactivity by the female during 24 — 48h period increased
from approx. 10 percent to approx. 23 percent as a result of incorporation
of labelled caffeine into tea infusion.

3.2 Tissue-distribution studies

In an attempt to quantify, on a time-related basis, the relative distribution of
radioactivity in major tissues and also to ascertain whether there was any
specific accumulation of radioactivity in any given tissue, a tissue-
distribution study was undertaken. The relative patterns of distribution
of radioactivity following separate oral administration of (I—methyl—14C)

~ caffeine and (1—methyl—1*C) caffeine with tea, in blood and in the whole
homogenates of stomach, liver, heart, kidney, spleen are illustrated in
Figures 1, 2 and 3.

The results are expressed as percentage of administered radioactivity/
g wt. of tissue. The radioactivity in the stomach declined rapidly, the rate
of this decline being faster when. caffeine was administered with tea,
Following the administration of (1—methyl-**C) caffeine, the radioactivity
in the blood reached a peak at 3h, and then declined sharply. In contrast,
administration of labelled caffeine with tea, although resulted in a peak
blood level at 3h, there was no sharp decline after 3h, but the level was
maintained at a higher specific radioactivity for approx. 20 hours than when
caffeine alone was administered. This observation may suggest that although
caffeine in tea is rapidly absorbed from gastro-intestinal tract, its removal
by the tissues from the blood, is slower than when caffeine only is
administered. :

It is apparent from Figures 2 and 3 that small but detectable amounts
of radioactivity were associated with all tissues investigated, under both
conditions of caffeine administration. However, it is important to dissociate
any contribution made by labelled blood perfusing the organ from that of
the actual tissue content of radioactivity. Thus a prerequisite for evidence
of a greater tissue accumulation must be the occurrence of a greater specific
radioactivity in the organ-tissue than in the blood. Examination of Figure 2
indicate that during 6 hours after the administration of (1—methyl—1*C)
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Figure 1
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Tissue radioactivity after the administration of 1%¢ Jabelled
caffeine

Rats (n=6} were given (l—mcthyl'—lq'(j) caffeine (100 mg/kg
body wt.) orally. Tissues were removed after various time
intervals and assayed for radioactivity (% of administered radio-
activity/g wet weighrt of tissue, Mean * SEM).
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Tissue radioactivity after the administration of ¢ labelled
caffeine :

Rats (n=6) were given (l—me;h}-'1—14c) caffeine (100 mg/kg
body wt.) orally. Tissues were removed after various time
intervals and assayved for radioactivity (% of administered radio-
activity/g wet wt. of tissue, Mean = SEM).
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Figure 3  Tissue radioactivity after the administration of _14C—labelled

caffeine with tea

Rats (n=6) were given (1_—mct'hyl—14c} caffeine (100 mg/kg
body wt) with tea. Tissues were removed after various time
intervals and assayed for radioactivity (% of administered radio-
activity/g wet wt of tissue, Mean = SEM)
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caffeine, no tissue did attain a level of radioactivity that is significantly
greater than that in the blood. At 12h the tissue content of radioactivity in
the spleen, testes and heart was higher than that in the blood. However, in
view of the small percentage of administered radioactivity associated with
each of these tissue at this time, it may not reflect any specific
accumulation, These data indicate that, as reported for the mouse,!’
caffeine is not specifically accumulated by any of the rat tissues investigated.

_ In contrast, the administration of (1—methyl-1%C) caffeine along
with the tea infusion resulted in a further significant decrease in the uptake
‘of radioactivity by all tissues except the testes. Examination of Figure 8
clearly indicate that in no tissue except the testes, did the specific radio-
activity exceed that in the blood at any time during the 48 hour
experimental period. In the testicular tissue the level of radioactivity at
6h was higher than that in the blood but transient.

The observation of a general reduction in the tissue uptake -of radio-
activity following the administration of #C-labelled caffeine with tea,
is in agreement with the claim® ?10 that caffeine is assimilated more
slowly from tea than from aqueous solutions of caffeine. This possibility is
further supported by the examination of area (Figures 4, 5 and 6) under
each radioactive profile for different conditions of caffeine administration.
Higher area for the radioactivity of stomach (Figure 4) throughout the
experimental period when caffeine was administered with tea demonstrates
slow gastro-intestinal absorption when compared with pure caffeine.
Examination of Figure 5 confirms lack of specific accumulation of caffeine
or Iits radioactive metabolites by any of the tissues under investigation.
Several important observations emerge from Figure 6. Firstly, it provides
further evidence for decrease in tissue uptake of radioactive when !*C—
caffeine was administered with tea. Secondly, perhaps most important,
the total area for testicular radioactivity is less than that for blood
confirming the” high level of radioactivity associated with the testes
(Figure 3) was definitely transient and not a reflection of specific accumula-
tion of caffeine or its radioactive metabolites by the testes.

The overall results of excretion and tissue-distribution of caffeine
may suggest that, as reported for the mouse,* caffeine is rapidly excreted
by the rat possibly as unchanged®? and metabolic products. The marked
lowering in the tissue-uptake of radioactivity and the maintenance of a
higher specific radioactivity in the blood over a longer period following the
administration of labelled caffeine with tea, while providing further support
for the claim! % 1% that caffeine is assimilated more slowly from tea
than from aqueous solution, it may also throw some light on the ability of
tea to reduce the possible harmful effects of caffeine. It was also apparent
that following the administration of labelled caffeine with tea, the clearance
of radioactivity from the gastrointestinal tract was faster than when pure
caffeine was administered. In contrast, the clearance of radioactivity from
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the blood was slower when caffeine was administered with tea than when
pure caffeine was administered. The observation seems to suggest that,
firstly, the mechanism of absorption of pure caffeine from the gastro-
intestinal tract is different from the mechanism of absorption of caffeine
present in tea, and secondly, the mechanism of tissue uptake of caffeine
from the bloodstream following its administration with tea is different
from that involved in the absorption from the gastrointestinal tract.

: Alternatively, it may indicate that some agents present in tea have two
opposing effects, one a stimulatory effect on the absorption of caffeine
from the gastrointestinal tract, and the second, an inhibitory effect on the
uptake of caffeine by the tissue from the bloodstream. It has been
reported?® that caffeine present in tea exists in the form of three complex
mixtures, the solubility of which varies considerably from one to another
and also dependent on pH. The most soluble complex is thought to be
formed by combining caffeine with oxidized theaflavins, the next soluble
complex is formed between caffeine and the polyphenolic compounds?%
and the nature of third complex group is unknown. :

In order to explain the different rates of clearance of radioactivity
as discussed above, it is tempting to suggest that these complex forms of
caffeine present in tea while stimulating the absorption of caffeine from the
gastrointestinal tract with ease greater than for pure caffeine, the same
complex forms may inhibit the tissue uptake of caffeine from the blood-
stream. ' :

In conclusion, the results presented in this paper, in addition to the
description of distribution and excretion of caffeine in the rat, provide
strong evidence of interaction by some components present in tea, on the
tissue uptake, accumulation and excretion of caffeine by the rat. It is possible
that at least some of these agents are polyphenolic compounds present in
tea.
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Abstract: In Sri Lanka, desiccated coconuts are dried to a moisture content below

+ 3 percent dnd packed in 50 kg quantities in bags made of 85 U thick low density
polyethylene forming the inner lining of a 5 tier paper bag. These bags are exposed.
to varying relative humidities for several months during storage and transport
permitting adsorption of moisture by desiccated coconuts. Fine grade desiccated
coconuts (10 g) were sealed in 10 cm x 5 em bags made of packaging materials low
density polyethylene (85 M), double layer low density polyethylene (60 ), high
density polyethylene (40 (), polypropylene (50 M), adhesive laminated aluminium
foil (10 ) on low density polyethylene (75 M) and triple laminated foil made of
polyester (12 U)/aluminium foil (10 U)/polyethylene (60 ). The bags were stored
at relative humidities of 33%, 70%, 80%, 100% and that of the atmosphere. The gain
in weight by the bags was estimated at 5 day intervals for 90 days. At 33% RH
a drop in weight of the bags was observed. An increase in weight was observed at
all other relative humidities. Of the materials tested the laminated materials showed
better resistance to moisture movement across them. The double laminated material
was the best. The desiccated coconuts stored in the laminated materials did not gain
moisture to reach the critical level of 3.5% at relative humidities below 80% and at
RH of the atmosphere. Even at 100% RH the desiccated coconuts stored in Jaminated
materials reached the critical moisture level only after 83 days as against 6 days
observed for other materials, It is recommended that desiccated coconuts be packed
in double laminated aluminium/polythene materials,

1. Introduction

The shredded dried coconut kernel is used in the preparation of confection-
aries in many Western countries. The coconut kernel is preserved for this
purpose by drying it to a moisture level below $ percent. The product is
called desiccated coconut. In Sri Lanka, desiccated coconuts are packed
into 50 kg bags for export. The bags are made of an inner low density
polyethylene (LDPE) lining of 85 u thickness and an outer 5 tier paper bag.
The LDPE is heat sealed at the two ends to prevent adsorption of moisture.
However, the packaging material, LDPE and the craft paper are not
completely impermeable to moisture.
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These bags are exposed to varying relative humidities for durations
upto six months in storage and transport permitting movement of moisture
across the packaging materials and adsorption or desorption by the
desiccated coconuts. Moisture levels as low as 4—7 percent have been
observed to support mold growth' and cause off odours due to growth of
xerophilic fungi in desiccated coconuts.?

In this study six types of packaging materials used for the storage of
desiccated coconuts were compared at different relative humidities with
respect to their moisture adsorption/desorption patterns.

2. Materials and Methods

2.1 Packaging materials

The following packaging materials were tested :

Double layer low density polyethylene (60 u)

High density polyethylene (40 u)

Low density polyethylene (85 u)

Adhesive laminated aluminium foil (10 g) on low density poly-
ethylene (40 u) ;

Polypropylene (50 u)

Triple laminated foil made of polyester (12 u), aluminium foil (9 u)
and polyethylene (60 u)

2,2 Estimation of moisture

Desiccated coconut (5 g) was dried at 102°C for 2 hours for the estimation
of moisture.? '

2.3 Moisture ﬁdsorption

Desiccated coconut (10 g) containing 2.7% moisture were sealed in bags
(10 cm x 5 cm) of the above packaging materials. They were exposed to
different relative humidities at 25°C in desiccators equilibrated with the
following saturated solutions for 2 weeks prior to introduction of the

bags :

83% — magnesium chloride

70% — sodium chloride

80% — potassium chloride
100% — distilled water

Atmospheric — open desiccator with no solution (varied between
72% to 83%). :
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The packed samples were weighed at 5 day intervals. They were
observed for visible growth of molds. The moisture content of the desiccated
coconuts  was determined after termination of the experiment on the
90th day. All experiments were done in duplicate.

3. Results and Discussion
3.1 Moisture adsorption pattern
The percentage increase in weight of desiccated coconuts (DC) due to

adsorption of moisture at relative humidities {RH) of 33%, 70% and
atmospheric are presented in Figures 1 — 3,

. D
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0 7.y : : :
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Figure 1. — Moisture adsorption by desiccated coconuts at 25°C and
33% RH when stored in high density polyethylene ( ® ) polypropylene
( o) low density polyethylene ( ® ) double layer low density polyethylene
( © ) double laminated aluminium/polyethylene ( 4 ) and triple laminated
polyesterfaluminium/polyethylene ( A )
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At 80% and 100% RH moisture adsorption were higher than at 70%.
~ At 33% RH loss of moisture was observed. At atmospheric RH the moisture
in the DC appeared to equilibrate with that of the atmosphere in about -
2 months in the six packaging materials tested.

Of the packaging materials tested the double laminated and triple
laminated materials permitted minimum moisture movement across them
at all relative humidities. The double laminated material appeared to be
a better moisture barrier than the triple laminated material.

3.2  Final moisture percentage

The final moisture percentages observed in DC after 90 days of storage
are presented in Table 1. At 33% RH the double and triple laminated
materials showed resistance to moisture loss and the original moisture
content of 2.7% in DC was more or less retained, whereas other materials
permitted loss of moisture. At higher relative humidities the adsorption of
moisture was observed with materials other than the double and triple
laminates. The increase in order of permeability to moisture shown by
the packaging materials at atmospheric RH is as follows :

Double laminated aluminium/polyethylene

Triple laminated polyester/aluminium/polyethylene
Polypropylene

Double layer low density polyethylene

Low density polyethylene

High density polyethylene

D O N

The same pattern with occasional differences were observed at other
relative humidities.

3.3 Critical moisture level

In the Industry in Sri Lanka, 3.5% of moisture in desiccated coconuts
is accepted as the critical level. The duration to reach the critical moisture
level with the six packaging materials at different relative humidities are
presented in Table 2. At 33% RH this situation did not arise as there was no
adsorption of moisture by DC. With double and triple laminated materials
the adsorption of moisture by DG to rea:_:h critical moisture level was
observed only at 100% RH. This, too, was after 12 weeks of storage. Here the
double laminated material appeared to be slightly better than the “triple
laminated material. The packaging material used today in the industry, low
density polyethylene permitted adsorption of moisture beyond critical
level within 30 days. This indicates the possibility of DC adsorbing sufficient
moisture to permit the mold spoilage during storage at atmospheric RH.
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_ The atmospheric RH observed during the experiment varied between
72% to 83%. In contrast to this, the moisture adsorption by DC under
atmospheric RH corresponded to RH of 54% to 74% when calculated on
the basis of other RH conditions used in the experiment. This difference
is perhaps, due to the variations in RH with time allowing both gain and
loss of moisture through the packaging materials and also may be associated
with movement of air in the open desiccator which prevented a continuous
fixed RH around the packed DC bags at atmospheric RH in contrast to fixed
~ RH in closed desiccators.

3.4 Growth of molds

Molds were visible to the naked eye in the packed desiccated coconut as
the moisture concentration passed 6 percent level irrespective of the
packaging materials and the relative humidity of storage.

4. Conclusion

The packaging material used today for DC, low density polyethylene
appeared to permit the adsorption of moisture allowing DC to reach the
critical moisture level of 3.5% in about a month. The double laminated
aluminium/polyethylene was the best among the materials tested. The
attention of the desiccated coconut industry is drawn to this.
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ACTIVATED BY INTERSTITIAL WATER MOLECULES
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(Date of receipt : 22 January 1985)
(Date of acceptance : 17 April 19853)

Abstract : Coordinated and free interstitial water molecules in cupric ferrocyanide
is found to excite electronic conduction with different activation encrgies.
Theoretical argument is given to explain the obscrvations. )

1. Introduction

Ferrocyanides and ferricyanides of heavy metals form crystalline solids
ol similar structure with interesting properties. ! 2+ 3 613 All these materials
have [face-centred cubic arrangement of metal cations at the corners
of unit cubes linked by cvanide ions placed along the edges. In a ferro-
cyanide the carbon atom of CN is coordinated to Fe?* and the nitrogen
atom is coordinated to the other metal ion. Ferricyanides have the same
type of bondings with Fe?* replaced by Fe? *. A property arising from this
structure is that the unit cells are unusually large (lattice constant ~ 10A°)
and as a result the crystal can accommodate foreign molecules, generally
water as interstitial impurities.> 2% 3.6 7. 15 I is known that coordinated
as well as [ree water molecules could exist within the interstices of prussian
blue type ol compounds. Xeray structural analysis indicates that the
coordinated water molecules are located ncar the metal cations and the
free water molecules gets hydrogen bonded to the coordinate ones.’
However, on thermodynamical grounds the author has argued that a small
[raction of free water molecules could also get located within the ferro- or
ferricvanide  ions.'® The author and co-workerg D 10111215 have noted
that most ferro— and ferricvanides exhibits electronic conduction in the
presence of interstitial water with the following characteristics :

(1)  Conductivity ; decrcases rapidly once a critical temperature
T, (110-140 C) is exceeded. '

(2)  The thermal activation energy of charge carriers generally have the
same order of magnitude 0,25-0.35 ¢V (Table 1)
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(8)  Unless the concentration of free water molecules is largely in excess
of the bound ones, the majority charge carriers in ferrocyanides are
electrons and those in ferricyanides are holes (Table 1).

Table 1

Compound E(eV) ik Type
Zng [Fe(CN)g] .8190 0.32 110 n
Cdo [Fe(CN)g] .xHg0 0.35 110 n
Pby [Fe(CN)g] .2.4Ho0 0.32 110 n
Cugy [Fe(CN)g] .20150 0.57 110 p
Hoy [Fe(CN)g] 3.5Hg0 0.38 130 n
Ery [Fe(CN)g] 3.5Ho0 0.36 130 n
Yby [Fe(CN)g] 3.5Hg0 0.39 130 n
Fuy [Fe(CN)g] 3.5Hq0 0.39 128 n
Gdy [Fe(CN)g] 3.5Ho0 0.39 142 n
Zng [Fe(CN)g] 9.5Ho0 0.27 117 p
Cdg [Fe(CN)g] 9.5Ho0 0.27 120 p
Phy [Fe(CN)g] 9.xHo0 0.26 112 P
Cug [Fe(CN)g] 9.121T50 0.23 118 p
Cdg [Fe(CN)g] 9.xHo0 0.25 122 p
(4) Ferri- and Ferrocyanides with few molecules of coordinated water

(e.g. lead ferrocyanide with two molecules of coordinate water)
tend to exhibit electronic conduction only if free molecules water
are also present.

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


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

Electronic Transport in Cupric Ferrocyanide 55

The author has shown that although it is thermodynamically more
favourable for Ho0 molecules to get coordinated near the metallic ions a
small fraction of ferro— or ferricyanide  jons could also get hydrated.!®
The hydrated ferrocyanide (ferricyanide) ions (Figure 1) donate (accept)

electron to (from) the conduction (valence) band, %% 10111213 ;¢
Figure 1
pt
I ”
o
—nt W — ezt
W
. |
pt
» " ~2ck »
@ (b)

Figure 1. Diagrams showing the octahedral linkage of CH ions into (a) Fe** jon in
ferrocyanide (b) Fe* ion in a ferricyanide (M’ is a metal ion). When the
spherical region denoted by the circle is filled with H; O molecules (a) and (b)
behave as ferro- and ferricyanide ions in aqueous solution,
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Ferrocyanides
Fe(CN)E o Fe(CN)Z~ + e
4
conduction band
Ferricyanides

Fe(CN)2™ + e —  Fe(CN)¥

valence band

Because of hydration, the activation energies of these processes have same
order of magnitude as the Fe(CN)y /Fe(CN)¢™ redox potential (v 0.36 eV)
and the hydrated ferri— and ferrocyanides  behave as n and p type semi-
‘conductors.” At temperatures above T (kT. ~ 0.03 ¢V) the bonds that
bind Ho0 molecules break and effect disappears.

In this note we report our observations on electronic transport
properties of CugFe(CN)g.2Ho0, that deviate significantly [rom the general
pattern describeaveaﬂicr. In contrast to the other [errocyanides we have
examined, the thermal activation energy of this material is = 0.57 ¢V and the
major charge carriers are found to be holes. Theoretical arguments are given
to explain the observations.

2. Experimental

Measurements were made with compressed pellets as well as single crystals.
The material for making compressed pellets were made by the decomposi-
tion of copper sulphate with potassium ferrocyanide in the presence of
dilute nitric acid (acid prevents the contamination of the product with
cupric hydroxide resulting from hydrolysis). The precipitate was washed
with deionized water and dried in vacuum at 40°C. Chemical analysis
confirmed that it corresponds to stoichiometric CugFe(CN)y .2Ho0. It was
noted that unlike other heavy metal lerrocyanides the bound water
molecules cannot be removed by prolonged drying in vacuum at
temperatures below 110°C. Thermal gravimetric analysis also indicated that
the hydration number of the material is 2 (Figure 2).
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Figure 2, Thermal gravimetric analysis data for Cu, Fe(CN)g.xH, O. Plot of x vs T when

heated at a constant rate (2°C min™).
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Single crystals of cupric ferrocyanide were prepared by diffusing very
 dilute solutions (v 10~ mol dm™) of K, Fe(CN), and CuSO, into a pellet
of agar jelly (v 10 cm in length) at the middle of a glass tube (diameter
~ 2 cm) from opposite sides. Crystals (" 2mmx2mmx2mm) were produced
in a period of 6 months. The crystals were dried in vacuum at 40°C and
pressed between stainless steel electrodes in glass tubes. The ends of the
tube were sealed with epoxy resin, immersed in a thermostatic oil bath
and the D.C. resistivity was determined using a bridge type resistance meter.
The D.C. current-voltage characteristics were tested. Measurements were also
carried out with samples where the concentration of H,O was in excess of
the coordinated molecules. No significant differences were noted between
the conductivity properties of single crystals and compacted pellets provided
the pellets were made by compressing the powder to pressure exceeding

~ 20 kbar,

We have not succeeded in devising methods for exact measurements
of carrier mobilities. The sign of major charge carricrs were determined from
thermoelectric tests.

3. Results and Discussion

The plots of log p vs T™ are indicated in Figure 3. In Cu, Fe(CN),.2H; O
(Figure 3 Curve 1), it is seen that until a critical temperature T, = 11 1°C is
reached, p decreases with T according to the relation,

p = pOeE’/kT (1)
with E = 0.57 eV and po = 1.03x107° @ cm. when T > T_ p increases
very rapidly with T. The behaviour of samples containing water in excess
of the two coordinated molecules is different. Figure 3, Curves 2 and 3
show the plots of log p vs T™' when the water content corresponds to the
approximate compositions Cu, Fe(CN)¢. 2.4 H,0 and Cu, Fe(CN),.6H, O
respectively. The characteristic feature of the Curve 2 is that it fits into
two straight line portions with activation energies ~ 0.30 eV, T < 72°
and 0.57 eV, T > 72°C. In the Curve 3, where H, O concentration is much
higher the activation energy remain constant at v 0.3 eV until a critical
temperature is reached. D.C current-voltage characteristics are indicated
in the Figure 4. Samples containing only coordinated molecules of water
give linear plots (Figure 4 Curve 1). Here the charge carriers are entirely
electronic and thermoelectric test show that the material is P-type.
Figure 4 Curve 2 is the I-V characteristic for a sample with the approximate
composition Cu, Fe(CN),.6H,0. Here polarization effects are clearly
cvident and the shape of the plot suggests that three types charge carriers-
electron holes and ions-are present, > 1*  The ionic carriers are probably
protons or Hi O ions.
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Figure 3. Plot of log p (p in £2 cm) vs T for Cu; Fe(CN)g.x H, O (1) x =2 (2) x=*2.4
(3) x=76 (o - single crystals, ® - pellets).
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Figure 4. 1~ V characteristics for Cuy Fe(CN)g. x H, O (1) x=2 (2)x®2.4 (3)x~6

(measurements carried out with slices of c_r%fstals “ 2mm x 2mm X 2mm).
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It is not difficult to understand why electrical transport properties
of cupric ferrocyanide is different from other ferrocyanides we have
“examined (Table 1). Cu™ ion is a good electron acceptor. Cu™/Cu’ redox
potential in the crystal field is reduced by water molecules. Thus Cu™ ion
could accept electrons [rom the valence band. In other ferrocyanides
(Table 1) the activation energy for a process similar to this at the metal
cation is probably much higher. When excess water is present some of the
ferrocyanide ions could also get hydrated and thus donate ¢lectrons to the
conduction band with an activation energy v 0.3 eV as discussed earlier,
If the concentration of excess water is small, it is natural to expect that the
[ormer process would predominate as the temperature increases. Thus the
difference between the three curves in Figure 3 can be understood. Again
the above hypothesis explains why both types of charge carriers appear when
there is free interstitial water,
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{Date of acceptance : 02 May 1985)

Abstract: This paper describes the incidence of poultry diseases and disease
conditions recorded at the Veterinary Investigation Centre, Welisara, during the
period 1975 to 1979. It was observed that the incidence of diseases like Pullorum
Disease, Chronic Respiratory Disease, Fowl Typhoid and Encephalomalacia. declined.
Conditions such as Coccidiosis, Chills, Ascaridiasis, Pneumonia, Enteritis, Colibacillo-
sis, and Visceral Gout had variable incidence throughout the period. Incidence of
Lymphoid Leucosis, Marek's Discase, Ranikhet Disease, Omphalitis, Infectious
Coryza, Aspergillosis and Salt Poisoning were steadily increasing.

1. Introduction

*A number of poultry diseases in Sri Lanka have been teported by several
workers, 1+ 2% 5.6,7,8 9. 10,11, 12. 13. 14 gyj)agegaram® studied the incidence
of diseases of poultry in Sri Lanka for a period [rom1960 to 1974 based
on investigations carried oul on poultry carcasses received at the Veterinary
Research Institute at Peradeniya. The present study gives the incidence of
diseases in, poultry for a period of five years from 1975 to 1979 based on
investigations carried out at a regional level, at the Veterinary Investigation
Centre (VIC), Welisara. This centre is situated in the Western Region of the
country, covering the districts of Colombo and Gampaha. In this arca,
organised poultry farming is based to a large extent on the deep Litter
system of management. When confronted with diseases leading to mortality,
farmers call at the VIC with the carcass of a dead bird for diagnosis and
obtain necessary advice for trcatment and control of the condition. At
this centre an average of 200-300 autopsies were carried out each year during
the period of study. :

9. Materials and Methods

Poultry carcasses received at the VIC were subjected to detail examination.
In cach instance, a detail history of the affected {lock was obtained relating
to symptoms, clinical signs, mortality, morbidity pattern, history ol

* Present address: Veterinary Department, Colombo Municipal Council, Maligakanda, Colombo 10.
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vaccinations, and treatment. A diagnosis of the disease condition was made
on lesions seen at autopsy and laboratory tests where possible. The back-
ground history relating to the flock was also taken into consideration. As
the recordings were made mainly on examinations of poultry carcasses, the
incidence recorded were conditions causing mortality and such conditions
like Avitaminosis and Fowl Pox could not be represented well.

In confirming the diagnosis, available laboratory tests were done. When
Coccidiosis were suspected, on typical lesions on intestine, a scraping was
taken from intestinal mucosa and examined under the microscope for the
relevant stages of development of the coccidia.

In Pullorum Disease when typical lesions were seen, the Rapid Slide
Test was done from blood drawn from the heart. Also, Salmonella organisms
were isolated by culturing from swabs taken from the intestine, on
MacKonkey agar and ‘stabing’ the white colonies on Triple Sugar Iron
medium. Black colouration in the butt shows H, S production to presence
of Salmonella organisms and Proteus spp. Proteus was eliminated by Urease
Test. Typing was not done as specific antisera were not available.

Chronic respiratory Disease due to Mycoplasma ga!la'septicam was
suspected on typical lesions on air sacs, lungs, trachea, sinuses and on visceral
organs. Also, clinical signs, symptoms, pattern of disease and history of
flock were taken into consideration. It was seen mostly in flocks of adult
birds reared on damp litter.

Diagnosis of cases of Chills were established {rom the presence of
typical distension of gall bladder along with congestion of lungs, sometimes
with nephritis. Also, the history of the tflock was taken into consideration.

Lymphoid Leucosis was suspected on typical post mortem lesions
and history of the flock.

Ascaridiasis was diagnosed on the presence of Ascaridia adult
stage.

Marck’s Discase was suspected on typical post mortem lesions and
clinical signs of leg weakness, distension of crop, dropping of feathers due
to skin lesions, etc.

Ranikhet Disease was suspected on pathognomic post mortem lesions
like pinpoint haemorrhage in proventriculus, necrotic patches on intestines
among other lesions and history including symptoms.
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Fowl Typhoid was suspected on typical pathognomic lesions such
as bronze colouration and enlargement of liver among other lesions.
Salmonella organisms were isolated on MacKonkey agar but no typing of
the species was done due to non-availability of antisera.

Omphalitis is a pathological condition due to infection of yolk sac
with a variety of organisms found in the environment. A normal yolk sac
is absorbed 24--48 hours after hatching. An infected yolk sac is seen for
sometime after hatching,

Infective Coryza was established when mucoid nasal discharge
sometimes with swelling of eyelids , pasting of eyelids and cheesy materials
between the eyelids. No other organ was affected. Direct smears and
sometimes culture on blood agar, Gram negative rods were seen.

When Aspergillosis was diagnosed, a white nodule or a-concave disc
was cultured on Sabouraud Medium. After 24 hours abundant growth was
seen. The fungus was identified under microscope.

Encephalomalacia due to low vitamin E feed was established on
typical ‘bicycling’ movements of the legs. In all cases vitamin E was
introduced to feed and the spread of the disease was arrested.

Colibacillosis was diagnosed on typical characteristic lesion where the
heart is covered with a gelatinous mass under the pericardium due to
tibrinoid pericarditis. The affected birds were 4- 6 months of age mostly
with a complaint of losing one or two birds a week. In such cases Escherichia
coli was isolated on MacKonkey Agar.’

Salt Poisoning was established when there was generalised oedema of the
carcass with history of giving ration high in common salt. The most common
source was addition of powder residue of dry fish as a source of fish meal.

3. Results and Discussion

A total of 49 conditions were recorded during the five year period from 1975
to 1979. The number of conditions recorded each year is shown in Table 1.

Table 1. — No. of autopsies and no. of conditions recorded

1975 1976 1977 1978 1979
No. of autopsies 198 297 220 304 195
No. of conditions 31 40 30 30 29

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


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

9

7

is

n

64 U G. J. §. Wickramasurtya

The percentage incidence of cach condition per year and the average
of these percentages for five years were determined as shown in Table 2.
On this, the incidence of diseases were classified as (1) High (5% to 12%),
(2) Moderate (3% to 5%), (3) Low (1% to 3%) and (4) Very Low (below 1%).
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Fig. 1. Diseases of High Incidence.
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3.1 Diseases and Disease Conditions of High Incidence

Figure 1 shows the distribution. Coccidiosis recorded the highest average
incidence during the five year period (Table 2). Its incidence was high
throughout the period and was the highest in 1977, 1978 and 1979. This
seems to be the general pattern of the disease in this country since 1960.°
However incidence recorded by Kulasegaram is slightly higher (average
incidence 15.3%) and this may be due to climatic differences of the two
regions compared. A limitation for control of Coccidiosis was referable
mainly to non-availability of variety of effective coccidiostats in the market.
The most commonly used Coccidiostat was Zoalene and this too was not
available all the time during this period.

Pullorum Disease had the second highest incidence. It was observed
that the incidence was quite high in 1975, 1976 and 1977, giving as high
as 16.2% in 1975 and gradually going down to 4.6% in 1979. Due to a very
high demand for day old chicks, a large number of small time hatcheries
opened up during the carly seventies. Due to poor management levels in
such small holdings, there was high incidence of the disease and later with
some experience in hatchery hygiene such conditions were brought under
control. This condition was one of the major conditions causing high
mortality of day old chicks in the first few iweeks of life. It responded well
to treatment with Furazolidone combined with Chloramphenicol.

Chronic Respiratory Disease due to Mycoplasma gallisepticum comes
third highest average incidence during the period of study. It was seen
mostly in adults and growing birds, especially during the rainy seasons in
poultry houses which are not well protected against rain. Once the disease
has set in, it was difficult to control. More effective drugs such as tylosin
(Tylan -Elli Lilly) and Spiramycin (M & B) were not imported to the country
during the period of study.

Deaths due to chills during the first few weeks of life was quite -
a problem and it caused heavy mortality and was duc to bad management
practices. Though the average incidence recorded was 7.2%, it was below this
since 1978.

Lymphoid Leucosis had the fifth highest average and there was a
tendency forincrease since 1979 with an incidence of 10.5%.

Incidence of Ascaridiasis appears to be quite uniform during the
period of study as was observed by Kulasegaram.® This was probably due to
a dynamic equilibrium that has been reached at the present level of manage-
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ment, environment and use of piperazine compounds in the treatment. It
should be noted that in the present study, whenever Ascarids were seen at
the autopsy, it was recorded irrespectively whether it was the primary cause
or not of the condition causing death. Hence the incidence of Ascaridiasis
shown does not reflect the actual incidence of the disease due to
Ascaridiasis.

Marek’s Disease was not seen in 1975, Kulasegaram® recorded several
outbreaks in 1974 while no cases were seen upto 1973, In this study it
was observed in 1976 and the incidence went up in the later vears.
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Fig. 2. Diseases of moderate incidence.
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3.2 Diseases And Disease Conditions of Moderate Incidence
Figure 2 shows the distribution of the diseases.

Once a major disease in poultry in this country causing heavy .
mortality, Ranikhet Diseasc had only a moderate incidence and the average
incidence was 4.9%. Kulasegaram® who reported high incidence of 12%
to 10% in 1960 and 1961 respectively. The disease was seen only in non-
vaccinated birds.

Pneumonia due to non specific causes such as the result of lowering
of resistance in case of Vitamin A deficiency, poor management and {eeding
was recorded quite uniformly throughout the period.

Fowl Typhoid was suspected in 4.4% cases in 1976 and in 3.8% in
1978, though this condition was not recorded in this country earllcr, there
was suflicient evidence to suspect this condition.

Omphalitis showed a steady increase in incidence [rom 1975 to 1979.
This may be due to increase in number of hatcheries that had come up to
supply the great demand for chicks and the management and the hygienic
practices in these hatcheries were not upto the required standard. '

Infectious Coryza due to Haemophilus gallinarum showed a lower
incidence at the beginning but showed a steady increase from 1975 to 1979,
In Kulasegaram’s study® it was the most predominant type of respiratory
discase. This is probably due to climatic differences of the two regions.
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Fig. 3. Diseases.of low incidence.
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3.3 Diseases And Disease Conditions of Low Incidence
Figure 3 shows the distribution of diseases of low incidence.

Aspergillosis showed a steady increase in incidence during the five
year period. Though there was a fairly high incidence of Encephalomalacia
at the beginning of the period, it reached lower levels during the latter
periods. This may be attributed to the fact that the poultry feed was not
stored for a long time so as to prevent the destructionof Vitamin E in it
as there was a great demand for poultry feed towards the end of this period
of study.

Incidence of Colibacillosis gradually increased till 1978. But no cases
were recorded in 1979. Most commonly affected were the birds in the four
to six months of age and the usual complaint was that one or two birds
died every week. The characteristic lesion seen at the autopsy was peri-
hepatitis with a gelatinous covering of the liver and fibrino-gelatinous
material surrounding the heart due to pericarditis. Response to Furazolidone
treatment was very satisfactory.

A fluctuating increase of salt poisoning was scen throughout this
period. This condition was mainly caused by use of ‘dry fish’ powder which
 has high salt content as a source of fish meal in the ration.

3.4 Diseases And Disease Conditions of Very Low Incidence

These include diseases below 1% incidence and most of these conditions
were not recorded throughout the period of study. They are generally
considered to be less important except for two conditions, Intussusception
of Intestine that recorded incidence of 8.0% in 1975 and 1.7% in 1976 and
Chronic Peritonitis that recorded 2.6% in 1979. Intussusception of intestine
has never been reported as an outbreak, but only as isolated cases. But this
condition was reported as outbreaks in six poultries in 1975'% due to
feeding of Young birds with 10—15% raw ox blood mixed in poultry mash
as a source of protein.

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


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

A Study of Incidence of Poultry Diseases and Disease Conditions

Table 2 — LIST OF POULTRY DISEASES AND DISEASE CONDITIONS AND INCIDENCE RECORDED
FOR 5 YEARS PERIOD (1975 — 1979}

69

Group No. Condition Av.% 1975 1976 1977 1978 1979
5 yrs. | No. % No. % No. % No, Sy No %
3 |
1) Disease Conditions 1. Coceidiosis 118 23 1.6 19 64 | 42 | 191 34 11.2 21 | 108
and Diseases of 2. Pullorum Disease 10.5 a2 16.2 45 15.6° 26 | 11.8 13 4.3 9 +.6
High incidence 3. Mycoplasmosis (CRD) 8.0 27 13.6 34 11.4 e 3.2 25 8.2 7| 36
4. Chills 7.2 12 6.1 29 9B 1T 7.7 19 6.3 12 6.2
5, Lymphoid Leucosis 6.6 13 6.6 10 34 18 8.2 13 4.3 20 | 103
6. Ascaridiasis 5.3 10 5.1 11 T 11 5.0 19 6.3 12 6.2
7. Mareck's Discase 5.2 2 1.0 12 4.0 13 519 18 6.0 18 9.2
2} Disease Conditions 8. Ranikhet Disease 4.9 ) 315 12 4.0 8 ER-] 22 7.2 12 6.2
and Diseases of 9. Pneumonia 4.4 12 6.1 11 3.7 8 3.6 14 +.6 8 4.1
Moderate incidence 10. Fowl Typhoid 4.1 3 1.5 13 4.4 13 39 9 il 1 .3
11. Omphalitis 38 4 2.0 9 EXY] L] 7 15 5.0 12 6.2
12. Enteritis 3.7 3 1.5 L 3.0 G 2.7 12 4.0 14 7.2
13. Coryza 31 5 2.5 3 1.0 i oy 21 7.4 ] 4.1
3) Disease Conditions 14. Aspergillosis 2.9 3 1.5 12 4.0 3 1.4 ] v 11 5.6
and Diseases of 15, Encephalomalacia 28 11 5.6 7 2.4 5 2.3 9 1o 1 0.5
low incidence 16. Celibacillosis 2.3 2 1.0 6 20 10 4.5 12 4.0
17. Salt Poisoning 22 5 2.5 1 03 1 0.5 13 +.3 8 LU
18, Visceral Gout 1.4 2 1.0 2 0.7 8 16 5 1.6 0 4]
4) Disease Conditions 19, Intussusception of
and Discases of Inrestine 1.0 L] io & 1.7 1 0.5
very low incidence 20. Tape worms 1.0 2 1.0 4 1.3 2 10 2 | 0.7 2] Lo
21. Chronic Peritonitis 0.8 - 1 0.3 2 Lo 1 0.3 5 b
22, Sinusitis 08 = = & 2.0 = = z 0.7 1 1.5
23. Post vaccination
reaction 0.6 = = 5 13 1 0.5 - = 1.0
24, Hacmorrhagic
Syndrome 0.6 2 Lo 1 0.3 1 0.5 3 Lo
25, Chraonic Salphingitis 0.6 1 0.5 - 2 1.0 3 1.0 1 .5
26. Hererakis infestation 0.5 2 1.0 1 0.3 1 0.5 2 0.7
27. Strangulation of
intestine 0.5 = (] 2.0 1 0.3 =
28. Cannabalism | w4 1 0.5 = ih 0.5 x 0.7 1 0.s
29, Foreign Body in ‘
{Gizzard 0.4 1 0.3 - — 3 1.0, i | 0.5
30, Trauma- { 0.3 2 2 o7 1 .5 1] 05
31. Cloacitis e 0.5 1 0.3 - 11 os
32, Suffocation 0.3 i oy 1 0.2 2 Q.7 1 w5
33. Hjarres Discase (O s 0.5 1 0.2 2 0.7
34. Tumors (other than | | l'
Leucosis} | 0.3 2 = = A . 1
35. Srarvarion 02 7 - . 1
36. Six Day Disease | oz = . - 2 1.0 =
37. Internal Haemorrhage| 02 | - 3 10 =
38. Fauy Liver Haemorrh |
age Syndrome 0.2 | 1 0.3 1 0.5
29, Vitamin B defficiency| 0.2 | 1 0.5 2 0.7 - =
40. Infecrious Laryngitis 0.2 i | o -
41, Poisoning =15 L z 2 0.7 - =
42. Fowl Cholera 0.1 = 2 0.7 = =
#3. Synovitis o1 = 1 0.3 B = =
44. Anacmia 0.1 = 1 0.3 R =
45. Strangulation of
Caeca 0.1 1 0.5 = = = == =
46. Dilatation of Proven- |
triculus 0.1 = 1 0.5 |
47. Necrotic Enteritis
{Clostridialy o1 = = == 1 0.5
48. Indigestion (in turkey] 0.1 - = : 1 05
Undiagnosed 0.4 1 0.3 = = 3 1.5
Tortal 100 198 100 297 100 - 220 | 100 104 100 195 | 100
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ISOLATION AND CHARACTERIZATION OF YEASTS OF SOME
FRUITS AND FRUIT PRODUCTS OF SRI LANKA
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(Date of receipt : 28 June 1984)
(Date of acceptance : 7 May 1985)

Abstract: Thirty six strains of yeasts isolated from some fruits and fruit products
were identified using their biochemical and morphological characteristics. These
yeasts belonged to six genera viz: Candida (Sixteen strains), Kigeckera (nine strains),
Hanseniaspora (three strains), Pickhia (four strains), Saccharomyces (three strains)
and Torulopsis (one strain). The most predominant species was Candida krusei
{Ten strains). ;

1. Introduction

Microbial spoilage of food is commonly the result of the combined activities
of yeasts, moulds and bacteria. However, depending upon the environment,
one of these groups of microbes may prevail over the others. Yeasts
ordinarily do not compete well in mixed populations, and therefore, cause
spoilage only under conditions which are favourable for their growth, but
unfavourable for growth of most bacteria.'! The most important factors
which determine the ability of yeasts to compete with moulds and bacteria
-are the number and types of contaminating yeasts, available nutrients, pH,
redox potential and water activity.” Spoilage of fresh fruits and vegetables
by yeasts usually result from their fermentative activity rather than degrada-
tion of plant tissue with degradative enzymes. However, some yeasts are
reported to be capable of producing such enzymes and cause spoilage.’

Sri Lanka produces a variety of tropical fruits, and also, possesses
a rapidly developing fruit processing industry. However, a considerable
amount of the produce is lost due to post harvest deterioration where
microbial attack is suspected to be one of the predominant causes. In the
present study an attempt was made to isolate and characterize the yeast
flora of some local fruits and fruit products which may play a role in their

spoilage.
2. Expérimental

Random samples (about 10 each) of fresh ripe fruits (except dates and
raisins, which were dried), canned fruits, juices, syrups and cordials were
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obtained from retail sellers, canneries and supermarkets of Colombo. These
samples included fruits of papaw, grape, date, tomato, passion fruit, lime,
pineapple, nelli, raisin, plum, banana, amberella, grapefruit, tangerine,
lawulu and mango, and papaw juice, grape-juice, pineapple-juice, nelli-juice,
mango-juice and passion fruit cordial (Botanical names of fruits are given
in Table 1).

Table 1 — Botanical names of fruits

Papaw — Carica papaya
Grapes = Vitis vinifera

Dates — Phoenix dactylifera
Tomatoes - Lycopersicum esculentam
Passion fruit = Passiflora edulis
Lime = Citrus qurantifolia
Pineapple - Ananas sativus
Nelli — Philanthus emblica
Raisin — Vitis vinifera
Plums — Prunus domestica
Plantains = Musa saptentum
Ambarella — Spondias mangifera
Grape fruit — Citrus decumana
Tangerine — Citrus nobilis
Lawulu — Chrysophylia sp.
Mango T = Mangifera indica

Yeasts were isolated by plating on a medium which had the following
composition in g litre™ of distilled water : glucose 20.0, yeast extract 3.0,
peptone 5.0 and agar 20.0. Plating was donc by streaking a loopful from
enrichment cultures prepared by inoculating small amounts (about 1-2 g)
of the sample into tubes containing broth of the same medium less agar.
Cultures were incubated at room temperature for 2—4 days depending on
growth. Methods used to study the biochemical and morphological
characteristics were same,* The following criteria were used to characterize
and identify the isolated yeasts: fermentation pattern, assimilation pattern,
morphology and sporulation. Some of these criteria were represented by
codes. '?

3. Results and Discussion

In this study thirty six strains of yeasts were isolated and identified. These
thirty six strains of yeasts belonged to the six genera Candida, Kloeckera,
Hanseniaspora, Pichia, Saccharomyces and Torulopsis. The predominant
species were Candida krusei (ten strains) and Kloeckera apiculata (seven
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strains). The morphological and biochemical characteristics of these strains
and their sources of 1so]at10n together with their completed 1dent1f1cat1on
codes'® are given in Table Zof

Candida krusei the most predominantly encountered in this study’
was isolated on eight occasions from fresh fruits and in two occasions from
dried fruits (Date and Raisin). Mrak et al” and Miller and Mrak'? has listed ,
Candida krusei as one of the most numerous yeasts in spoiled figs. A strain
of Candida tamarandei which is synonymous with Candida krusei has been
isolated from fermenting date.!* Another species, Candida guilliermondii
two strains of which were isolated from papaw juice and grape juice in this
study has been earlier isolated from fig wasps.!* Candida mesenterica
(three strains) and Candida peliculosa (one strain) which also were
encountered in this study have not been isolated from fruits earlier.

Kloeckera apz'culata, of which seven strains were isolated from fruits
in this study, has been earlier reported® to cause softening in strawberries,
This also has been reported as the only yeast isolated from bldckcurrents
picked at the end of the harvestmg period.> Also, Kloeckera apiculata has
been reported much earlier under the synonym Saccharomyces aptculatus

_as an organism widely distributed in fruits and orchards.!® Next to
Saccharomyces cerevisiae this species has been reported to be the most
prominent in wine grapes.” Another species Kloeckera africana, isolated
from Lawulu (two strains) has earlier been isolated from figs.®

~ Saccharomyces cerevisize which is generdlly a common contaminant
in many food products was encountered only once in this study (one strain
from Tomato 'sauce). Two other ‘species, Saccharomyces exiguus and
Saccharomyces italicus a strain each of which was isolated from nelli juice
and mango juice respectively has carlier been reported as a contaminant in
grape must.’

Among the other yeasts encountercd in this study which have beén
reported earlier are Hanseniaspora valbyeansis® (wine grape) and Pichia
fermantans' (orange Juice). None of the other yeasts (Pichia polymorpha,
Pichia  kuriavzevii and Torulopsis inconspicua) have been reported as
contaminants of fruits earlier, i ;
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DESIGN REQUIREMENTS AND DIMENSIONS FOR
A CO.-\_‘[FORTABLE WORK SEAT FOR SRI LANKANS

J.D. A. ABEYSEKERA¥*
Division of Occupational Hygiene, 97, Jawatte Road, Colombo 5, Sri Lanka.

(Date of receipt : 5 June 1984)
(Date of acceptance : 14 May 1985)

Abstract: Uncomfortable workseats are a common sight in many work places today.
Sitting at work on a comfortable seat helps to relax the body and reduce energy
consumption, but on the other hand prolonged sitting slackens abdominal muscles
and may cause backache. An optimum work seat can be made if proper medical and
ergonomic ideas are applied in the design. The data on body sizes of the users are
important to design an optimum work seat. A National Anthropometric (body sizes)
Survey has provided this data. Based on this data, recommended dimensions for a
work seat are as follows :

Males Females
Seat Height (from floor) 39.5 cm 36.4 cm
Back rest Height (from seat) 44.9—46.9 cm 40.4—42.4 em
Back rest Breadth 37.0 cm 33.3cm
(29.0 cm minimum) - (25.3 cm minimum)
Lumbar support Height (from seat) 16.4—26.5 em : 16.1-25.8 cm
Seat Width : 39.7 em 40.0 cm i
{27.7 cm minimum) (28.0 cm minimum)
Seat Depth 36.3—41.3 cm 34.2-39.2 cm
Arm rest Height (from seat}
(for armed chairs) 19.8 cm 18.5 ecm

The other important recommendations are a backward tilt of the seat surface of
14 — 24° to the horizontal, to prevent buttocks stiding forws.rds, a lumbar support
on the back rest and an inclined back rest of 105 — 110° to seat or 110 — 130°

to the horizontal.

1. Introduction

Many problems of mismatch between the man and his work tools and
machines including furniture are a common sight in Sri Lankan factories
and work places. Discomfort, body pain, inefficiency, delay and wastage
arc some results of these wrongly designed work aids.

A work seat may be called an essential requirement for most workers
either to perform work with less fatigue or as an aid for relaxation. It also
improves their well-being and efficiency if people sit at their work. Static
muscular effort which is required for a standing person ceases when the

¥ Present address — Department of Human Work Sciences,

University of Lulea, Sweden.
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person sits down. The other advantages of sitting are, it takes the weight off
the legs, reduces energy consumption and avoids unnatural body postures.
There are also drawbacks such as slackening of abdominal muscles due to
prolonged sitting and curvature of spine that may cause inter-vertebral
disc pressure* resulting in backache. In order to maximise the advantages
and to minimise the drawbacks it is important to apply medical and
ergonomic ideas in the design of seats for work.

In the application of ergonomic principles in the design of a work
seat, greater emphasis has to be given to the body sizes of the users.

2, Method

A National Anthropometric Survey' (Body Sizes Survey) was conducted
. in Sri Lanka on 438 male workers and 288 female workers. The subjects
taken for the measurements included workers from 80 work establishments
from 24 districts in Sri Lanka.

A standard anthropometer and an adjustable chair were used to take
‘most measurements. Vernier calipers and tapes (canvas and metallic) were
used to take few measurements. Measurements were carried out by specially
trained technicians and included among other measurements all important
dimensions required to design a seat.

The anthropometer is a counter recording instrument which can be
effortlessly operated from the tips of its branches. This instrument gives
a direct and accurate reading, to the nearest millimeter over a range of
50 mm. Each instrument has straight and recurved branches and beam
extensions for the measuring of heights of up to 3 meters.

Each subject was required to sit on the adjustable chair and the seat
was adjusted till the seat gave the worker maximum comfort.

The seat gives maximum comfort when the subject sits comfortably
érect on the adjustable chair with the trunk straight, the back of the head
and buttocks pressing firmly against the walls of the chair. The stool height
is adjusted so that the upper part of the leg is horizontal to the floor. The
lower part of the thigh at the back of the knee not pressing on the edge of
the chair but leaves a small space between the leg and the chair, the feet
flat on the floor and the shins verticle.
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2.1  Description of Measurements and their significance and
recommended Measurements

2.1.1 Seat Height : This is the vertical height of the sitting surface from the
floor, when the subject is comfortably seated erect. (Figure 1)

Any good design should accommodate about 90% of the population.
It would be practically difficult to accommodate the extremes of the
population, i.e. the 5% very short people and 5% very tall people. Therefore
in deciding the height of a seat the mean sitting height of the population is
the most convenient height, if the height is fixed (not adjustable). On the
other hand if the seat is adjustable the maximum height should be the height
of 95th percentile of the population and the minimum height should be the
height of 5th percentile of the population. If however a high seat is required
depending on the operating height, a foot rest has to be provided to counter-
balance the extra height. Similarly in deciding the seat height, another factor
that has to be taken into consideration is the shoe height (which is in the
range of 10 — 20 mm) that has to be added to the seat height. Therefore the
mean sitting height plus 15mm (for shoes) can be recommended as the
seat height.

2.1.2  Back rest Height : The part of the human anatomy between the
lowest ribs and upper hip bones is suspended by the vertebral bones and
is called the lumbar region, For the back to be relaxed and anatomically
convenient, this most vulnerable area of the spine viz: the lumbar region,
has to be supported by the back rest of the seat. To relax the back muscles
where occasional leaning back is necessary, a high back rest, a clear 10 — 12'cm
“lowver than thesitting shoulder height is recommended.

i. Lowest rib bone height, sitting:— Sitting comfortably erect.
Measurement from floor to the bottom of the lowest left rib.
The lowest left rib is traced by palpating the rib box of the
subject. (Figure 2)

ii. Upper hip bone height, sitting:— Sitting comfortably erect.
Measurement from floor to the uppermost point of the left
hip bone. The hip bone is traced by palpating, (Figure 3).

.  Shoulder height, sitting:— Sitting comfortably erect. Measure-
ment from floor to center point between base of neck and

acromial. (Figure 4)
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Figurel. Seat Height Figure 2. Lowest Rib Height, Sitting
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Figure 3. Upper Hip Bone Height, Sitting Figure 4. Shoulder Height, Sitting
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2.1.3 Back rest Breadth : The back rest to be able to accommodate 90%
ol the population, it is necessary that 95th percentile chest breadth of the
population is taken which would be the minimum requirement. However it
is recommended that 8 cm are added to the 95th percentile chest breadth
to accommodate the arca of the back just above the chest and just below
the shoulders. The 8 c¢m was arrived by taking into consideration the
shoulder breadth (or biacromial breadth) measurement. (Mean for males
— 36.8 cm and mean for females — 33.1 cm). ‘

(1) Chest breadth :— Measurement taken from the front side of
the subject, the distance between the widest point across the
chest. (Figure 5).

(i) Biacromial breadth :— Measurement with caliper tips of the
anthropometer in firm contact with outer edges of acromial
process. (Figure 6).

2.1.4 Arm rest IHeght : The most comfortable position anatomically of
the arm rest in a chair is the elbow height, when comlortably seated.

(1) Elbow rest height, Sitting :— Sitting comfortably erect, elbow
held lightly against sides with forearms horizontal to the floor.
Measurement from floor to the lowest point on the left elbow.
(Figure 7).

2.1.5 Seat Surface Dimensions

(1) Hip width :— Measurement with caliper tips of the anthropo-
meter in firm contact with the widest points of the hip bones of
the two sides. (Figure 8).

The width of the seat to be able to accommodate 90% of the popuda-
tion, it is necessary that the 95th percentile hip width of the population is
taken, which will be the minimum requirement. To accommodate the upper
legs at different sitting positions, it is recommended that the width of the
seat should be 95th percentile dimension of hip width plus 12 cm. The
additional space would also allow to accommodate the upper legs at sitting
positions with expanded legs. This additional space (12 cm) was arrived by
making observations of common sitting postures of workers,

(i) Buttock to back of knee sitting:— Sitting comfortably erect.
Measurement from end wall to furthest point in back of knee.
(Figure 9).
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Figure 5. Chest Breadth
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Figure 7. Elbow Height

, Sitting Figure 8. Hip Width
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Figure 9. Buttock to Bock of Knee, Sitting

The depth of a seat should accommodate comfortably the portion
of the leg between the buttock and the back of the knee. If the back of
the knee presses or touches the edge of the chair or if the depth of the seat
Is insufficient to accommodate at least 90% of the lower portion of the
upper leg, the seat could be uncomfortable. Therefore the mean of this
measurement obtained in the national sample would be the maximum depth
that could be recommended for a standard comfortable seat. The minimum
depth can be 5 ¢cm less than the mean. '

4. Results

The.results obtained from the national survey are shown in Table 1.
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5. Discussion

The part of the body that is affected mostly by stressful work postures is
the back. In many sitting positions, the spine and the muscles of the back
are not relaxed but stressed in various ways.

An intervertebral disc is some sort of a cushion that separates two
vertebrae and helps to give flexibility to the spine. Degeneration of the
intervertebral discs impair working of the vertebral column. Unnatural
postures and uncomfortable seats speed up deterioration of the discs.? > ¢

Research carried out by Nachemson,* on 9 healthy subjects on
.effects of various bodily postures on disc pressure has indicated the
following results. '

Body Posture : Disc Pressure between 3rd and 4th lumbar
vertebrae expressed as a percentage of
-pressure when standing erect

Standing Erect 100
Lying flat on the back 24
Sitting, trunk erect 140
Sitting, bent forwards _ 190

These results clearly show that disc pressure is greater when sitting
‘than when standing. Further it indicates that a better sitting position is when
the trunk is erect than bent forwards.

The most vulnerable part of the spine is the lumbar region as this part
suspends between the upper part of the body (heavy) encasing the rib box’
and the lower part (lighter) starting from the hip bone. Therefore it is most
important that this lumbar region has to be supported by the back rest. A
lumbar pad of 5 cm thickness is preferable to a flat back rest.’

Investigators Anderson et al,” Nachemson,® and Yamaguchi et al,®
have studied the effects of seat angle and the shape of the back rest, on disc
pressure. The experiments have revealed that the best conditions for relaxa-
tion of the spine have been provided by a seat angle to the horizontal of
10°—14° and an angle between the seat and the backrest of 115°—120°.

Grandjeam et al,” has studied different seat profiles on a large number
of subjects and obtained their subjective impressions. He has found that a
seat profile which produces only a low pressure in the intervertebral disc
and requires very little static muscular effort, is also the one that causes
the fewest aches and pains.
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Therefore in designing a work seat, which is good medically and
ergonomically and taking these rescarches as a whole, the following
recommendaations are made.

(a) Seat surface should be tilted bar:k'wards_ so that the buttocks
will not slide forwards. A 11t of 14 - 24° (o horizontal has
been recommended.

(b) Backrest should be high which is slightly concave to the front
at its top end, and distinctly convex in the lumbar region. The
backrest should also be inclined at the following angles.

i.  to the seat 105 — 110°
il.  to the horizontal 110 — 180°

The above additional design requirements could be made apphcable
to a comfortable work seat for Sri Lankans.

A prototype Work Seat

In considering the above discussion and based on the data provided
by the Anthropometric Survey, the following prototype work seat is
recommended, (Figures 10 and 11). Dimensions for seats to be used by
males as well as females in Sri Lanka are indicated.

A table to be used with this chair should have a height from the floor
to the bottom of the table of 55.8 cm for males and 51.4 cm for females
and from floor to the top of table of 59.3 cm for males and 54.9 cm for
females. It is also recommended that if a chair is to be provided with arms,
the arm rest height from seat should be 19.8 cm for males and 18.5 cm for
females. The mean elbow height (seated), has been considered to be the
most convenient level for both the table top height (working height) and
arm rest height. (1.5 cm for shoes are added to the mean elbow height
measurement),

This study however did not examine the prototype chair
recommended, subjectively. The seat material characteristics and the effects
of the environment are other factors that have to be consn:lered when
conducting subjective assessments,
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Fig.10 WORK SEAT (Side View)
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INSTRUCTIONS TO CONTRIBUTORS

Manuscripts and all correspondence relating
to them should be sent to :

The Secretary, Editorial Board,

Journal of the National Science Council
of Sri Lanka,

47/5 Maitland Place, Colombo 7,

SRI LANKA.

EDITORIAL POLICIES

Submission of Papers : Papers are accepted
for editorial consideration with the under-

standing that they have not been
published, submitted or accepted lcr 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.

Tamil

Languages of Publication : Sinhala,

and English.

All material sub-
two or more
Papers are

Referceing and Editing :
mitted i1s examined by
referees prior to publication.
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 advized:to followah
closely the form described in rf:eséW%WWE!?&k'1oo

PRESENTATION OF MANUSCRIPTS

No maximum
prescribed but

length of contributions is
papers should be written
clearly and concisely. All unnecessary
textual matter, figures and tables must be
eliminated. In general, the impersonal
form should be used. '

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

The paper should be reasonably sub-
divided into sections, and if necessary,
sub-sections. The following pattern is
suggested for Research  Papers : (a)
Introduction (b) Experimental (c) 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 cf the paper only. Adequate
margins should be left (4 cm) with liberal
spacing at the top and bottom of each
Eggeaunaamn typescript should be free of
CHGIG
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Headings of major sections should be
centred and sub-section headings should
be placed on the left of the page. The
complete set of headings and sub-headings
in an article should be numbered follow-
ing the style adopted in this Journal
and the set should reflect the logical
development of ideas.

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

-~ The first page should contain the article
title, the name(s) of the author(s) and
name and address of the establishment
where the work was carried out. In the
case of co-authors, respective addresses
should be clearly indicated. Female
authors 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 subsequent major section —references,
figure legends and table legends should
begin on a new sheet.

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

Illustrations : All illustrations are consi-
dered as figures and each graph, drawing
or photograph should be numbered in

sequence with Arabic numerals. 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, not larger than 20 x 30 cm.
Drawings should be lettered with a
lettering set; lettering should be kept large
enough to be legible after a reduction off S0

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. L

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
ndicated 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 cm 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 should
be indicated by superscript lower-case
italic letters (a, b, ¢, etc.). Each table
should carry on the back of the sheet
the author’s name and flgure number.
The preferred position of tables should
be indicated in pencil in the manuscript.

References to the literature must be indicated
in the text by a small superior number 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 numerals. 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
1900—1960, 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,
volume number, edition, pagination/inclusive
pages, place of publication and publisher.
When sections of a book are listed the order
should be : author (s) of section, year, the
word fn followed by author of book, book
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