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Preliminary Studies on the Alginic Acid and Agar
contents of some Marine Algae

INDRANEE ARUMUGAM.: A. SIVAPALAN AND K. THEIVENDIRARAJAH
Department of Botany, University of Jaffna, Thirunelvely, Sri Lanka.
(Date of receipt : 20 May 1070)

Date of acceptance : 03 November 198c)
]

Abstract: Different methods of extraction of alginic acid from brown algue were tried
out and it was found that treating with NayCo3 followed by bleaching powder gave
alginic acid of better quality. Of the several species of brown algae studied Cystoseira
oiquetra (L) ] Agardh and Twbinaria convides (Kuetzing) were found to contain the
greatest amounts of alginic acid. Investigations further showed that there was a marked
seasonal variation in the content of alginic acid in these algae, highest being during the
months of May to July, Extraction of agar was carried out in six different species of red
algae and it was found that species of Gelidium (Lamourcux) Hypnea (Lamouroux)
and Gracilaria (Greville) could be used for extracting agar. The amount of agar in
these algae wvaried from 16-2% to 50%/. There is a marked sessonal variation in the
agar content in these algae. The content of agar was found to be high in these algae
during January.

1. Introduction

Alginic acid and agar are two important commercial polysaccharides that could

be obtained from marine algae. Algin is usually obtained from some brown

algae and the alginic acid producing algae are generally called alginophytes.
Similarly agar can be obtained from some red algae and the agar producing
algae are called agarophytes.

Both alginic acid and agar are extensively used in Sri Lanka and annually
large quantities of these products are imported. Agar is mainly used in confec-
tionaries as a substitute for gelatine. It is also used as a culture medium for
the growth of micro-organisms like bacteria and fungi. Alginic acid as its
sodium salt is extensively used in textile industry.

No systematic studies have been made on the content of alginic acid and
agar present in the marine species found in Sri Lanka. The present investiga-
tions were undertaken to estimate quantitatively the amounts of these substances
in a number of marine algae found along the coast of Mandaitivu in the Jaffna
Peninsula, described by Durairatnam!. Mandaitivu, is an island situated
on the South West side of the Jaffna peninsula. It is about five miles from the
main land and there is a rich flora of alginophytes and agarophytes along the
coast of Mandaitivu.
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2. Methods of Study and Results

2. 1. Extraction of alginic acid ;

Different methods used by Rao and Modi? and Rao et al* were tried for the
extraction of alginic acid from brown algae.

2. 1. 1. - Extracted with sodium carbonate and precipitated with dilute hydroch-

loric acid.

2. 1. 2. - Extracted with sodium hydroxide and precipitated with dilute hydroch-

loric acid.

In these two methods the exttact contains sodium alginate. When dilute
hydrochloric acid is added precipitation of alginic acid takes place. Here the
product is soft in texture and dark brown in colour. Since the colour and
texture of the product obtained by these two methods were not satisfactory

another method was tried.

2. 1. 3. - Extracted with Na, CO,, precipitated with bleaching powder, added
dilute HCl, until effervescence ceases. Here calcium alginate and calcium
carbonate precipitate and then the latter is removed completely. In this
method the alginic acid obtained is rubbery in texture and white in colour.
Therefore the ultimate method adopted for the routine estimation of alginic acid

content is as follows:

20 ml of 6% sodium carbonate solution of pH around 9 is added to 0. 5g dry
wt of the algal material and kept at 50°C for nearly 3 hours for the material to
become a pulp. Extract is filtered through a muslin cloth, saturated solution of
bleaching powder is added until complete precipitation occurs. Dilute hydroch-
loric acid is added until CO, effervescence ceases, product filtered, washed in
water,dried at 50°C and weighed.

This method is very economical because of the cheap reagents used.

A guantitative study on the amount of alginic acid present in the following
marine algae such as Padina (Adanson), Cystoseira triquetra (L). ]. Ag., Turbinaria
conoides (Kuetzing), Cystophyllum (). Agardh), Turbinaria ornata (J. Agardh),
Hydroclathrus (Bory), Sargassum polyeystum (C. Ag), Sargassum whightii (Greville),
Sargassum cevvicone, ( Greville), Stoechospermum (Kuetzing), Dictyota (Lamouroux)
and Sargassum tenerrimum (J. Ag.) was carried out periodically using duplicate
samples at about 1% to 2 months interval beginning from October 1977.
The results of this analysis is given in Table I.
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Table 1 - Alginic acid content (percent dryweight} of different brown algae

collected from Mandaitivu during the period of survev,

Species October December January March May July August
1977 1977 1978 1978 1978 1978 1978
Padina o 10% 8% 4% 8% 14%; 4% -
8% 10%;, 4% 109 14% 4% —
Dictyota i 10 . —_ 14%; e - e -
12% - 16%, — — ca e
Stoechospermum = — — e st == 14% 8%
16% 8%
Cystoseira ‘e — 20% 14%; 24%, 33% 32% 18%
- 189, 16%; 26%, 329 28% 16%
Cystophyllum o 14% 10% 10% 18% _— 10% 10%
16% 10%; 205 18% - 10% 10%
Turbinaria conoides o 289 20%, o - - - 8%
24%, 209, 12% — == A= 8%
Turbinaria ornata - — — 6%, 18% 209, 28% 8%
— — 6%, 18%, 20%, 28% 109
Hydroclathrus ‘e — —_— 129 — — == o
e e 14% ks - - =
Sargassum  polycystem o 20% 14% 12% —- ki 24% —
20% 14% 12% — 21% 28% —
Sargassum whightii CTI 1297 —_ o —_— —_— 12%
14% 12% —_ — ) — 10%
Sargassum cervicone . — —_ — — = 12% i
) i =, = - 14% e
Sargassum tenerrimum e — = 14% 2% 28% = —

= 16%  22%  30% Lt o

(—) indicares that the species is absent.

Results show that there is significant difference in the alginic acid content of
different species tested. Also a marked seasonal variation is present in all species.
Percentage alginic acid is high during the period May to July, and is low during
December to January. Of the species tested Cystoseira triguetra contained the
greatest amount of alginic acid. However there was no difference in the texture
of the alginic acid extracted from the different species.

2. 2. Moisture content of different alginophvytes.

The percentage moisture in the thallus of the different alginophytes that have
been used in this study was determined in order to find out whether there is
any relationship between the alginic acid content and moisture content. Moisture
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content was determined by drying 10g of freshly collected algav, after surface
blotting, in an oven at 80°C until constant weight is attained. Percentase
coisture ,of different species during the period of survey is given in Table 2.

Table 2 - Percentage moisture (percent fresh sweight) of the thalli of
alginophytes used in this study

Species. October December January  March May July Avugust
1977 1977 1978 1978 1978 1978 1978
Padina re 68/ 66- 6% gag% 64:-30 61.3%;  €8.7% @ —
Dictyota - 667, - e il e i =
Stoechospermum . — A — L 76-2%,  74.5%
L W% OB 5% v iE Y
PGS ) e " /o ey ' 8 T = 6. 2% 1%
T::irbi}:xaria conoides wo 72200 T5IR2A 72»?.5%"; g s S 1.387
aurdbin?ti?1 ornata - — — gxgﬂj%w 63-2%  6l.4%  75.1%  16.1%
ydroclathrus . = —  90.3% = L il el
Sargassum polycystum e 7949 e e 0 = 70% 72.2% [
Sargassum whightii ve 70-6% T B — — — 762,
Sargassum cervicone .- — = == _ il 72.2% o
Sargassum tenerrimum in —_ =, 68-4%  64-3%  62.8% s i

(—) indicates that the species is absent.

The results indicate that there is no significant correlation between alginie
acid content and moisture content. There is variation among species in the
moisture content, but there is no marked seasonal variation in any of the
alginophytes tested.

2. 3. Extraction of Agar.’

Agar was extracted according to the method described by J.F. Wood.4 2 ¢
of dry sea weed is soaked in 50m! water overnight. Depending upon the species
this is either boiled or autoclaved after adding 3-5 drops of dilute hydrochloric
acid. The pH of the extraction medium is around 6, When the tissue turns
into a pulp it is filtered, allowed to set, sundried and weighed. Extraction of
aoar was tried on five different species of red algae namely Gelidium (Lamouroux)
Gracilaria  lichenoides (L) Harvey, Hypnea (Lamouroux), Acanthophora
(Lamouroux) and Laurencia (Lamouroux). Routine estimation was carried out
periodically using duplicate samples to see whether there is any fluctuation of
agar content. Results of this analysis is given in Table 3,

Results show that of the species tested Gelidium, Gracilaria lichenoides and
Hypnea are quite suitable for the extraction of agar while Acanthobhore and
Laurencia cannot be used for this purpose. Seasonal variation is present in the

~agar content of all species tested. Generally agar content seems to be high
during January and low during May.
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Table 3 — Agar content (percent dry weight) of different red algae collected
from Mandaitiva during the period of study.

Species, October December January
1977 1977 1978
1 36-18%, — 46-15
Hypnea z 35.8% 46.28%,
Av ‘A8 A
1 “36. 3% e 1459.95%7
Gracilaria lichenoides L 3641 — 5013
Av 36-5%, - 50%
1 409 23.2% 39.51%
Gelidium 2 40%; 22-75%  39-48%
A (i 40% 23% 39.5%
Acanthephora 2 — - -
Av — o] —
1 i =5 -
Laurencia 2 — o e
Av — s =

March May'

July Aupust
1978 1978 1978 1978
- 16.3% 47.5%  —
i }2]‘:’ 4;;]-3/0/" S
—  162% 41-5%  —
35% 28-5% 32.2%  16-6%
3509  26.4% 31-75% 1649
35% 217:5% 3259, 26:5%
30.8% 1% W5 1Y
3A.16% 23-1% 25.4% 2%
Vg 118 25% waY

RN

Hypnea and G. lichenoides
Acanthophora and Laurencia  (—)

(=)

2. 4. Moisture content of agarophytes.

indicates absence of species.

indicates that there is no extractable agar in them.

Percentage moisture of the different agarophytesused in this study is given in
Table 4. The moisture content of the agarophytes was determined as described
in 2.2. There secms to be no correlation between agar content and moisture

content of these algae.

Table 4 - Moisture content per cent fresh weight of different agarophytes used

in this study

Gracilaria lichenoides

Gelidium
Hypnea
Acanthophora

Laurencia

86-5%
0%

87.1%
88-4%
88-1%

Z.5,

Abundance of the alginophytes and agarophytes.

An eye estimation of the abundance of different alginophytes and agarophytes
was carried out during different months from October 1977 to August 1978.
Results are given in Tables 5 and 6.

Results indicate that certain alginophytes and agarophytes such as S. tenerrimum,
Acanthophora, Laurencia, Gelidium are present throughout the vear although
the relative abundance during different months vary. Others such as Cystoseira,
Cys:ophyllum, S, polycystum are present during most of the months and are
completely absent during some periods of the year.
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Table 6 - Relative abundance of red algae found at Mandaitivu,

Species Oct. Dec. Jan. Mar, May July Aug.
1977 1977 1978 1978 1978 1976 1978
Hypnea g = +++ 4+ — + 4+ Ll e e
Gracilaria
lichenoides +d e+ — + + 4 + + + 4+ + 44+ +
Gelidium ++ +4 4+ + o+ o o + +
Acanthophora 4444 4+ + e o +4++4+++4
Laurencia P o ST S S T S S S S S o SR S S i S S S bttt
+++++++ — The most abundant species.
4 Species present in trace amounts

The relative abundance of the other species lie inbetween these two.
{—) indicates absence of the species.

Species such as Hydroclathrus, S. whighti, S. cervicone, T.ornata appeat only
during certain months of the year.

3. Discussion.

Alginic acid and agar could be produced in small cottage industries in Sri Lanka
since the natural resources nccessary for this purpose are available in plenty,
The crude agar obtained by the method of extraction mentioned here could
be utilised in certain microbiological work., The crude agar preparation sets.
well at 1, 5 percent. This setting property is not affected at pH ranging from
3to9. The alginic acid obtained in our studies is a white pulp of gelatinous
nature pH being approximately 6. The technique of drying this product with.
out any damage to the nature of it has not been perfected yet. But the alginic
acid could be stored in a refrigerator in this fresh form for more than two months
without any change. Further investigations have to be carried out to study
the feasibility of commetcialising these two products. Also experiments have
to be carried out to cultivate these algae in larger quantities in order to make
the production of agar and alginic acid more economical.
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Abstract: Phycocolloids from eight species of red algae were extracted, and the vields
estimated, Grasilaria edulis (lichenoides) and Gracilaria salicormia were (ound to bethe
tost suitable for commercial exploitation. The gel strength properties and their
relationship to chemical constituents of the phycocolleids are discussed in relstion
to similar properties of a commercially available sample of agar.

1. Introduction

Agar and the alginates yare two phycocolloids of commercial importance.  Agar
is extracted from red algae, whilst alginates are obtained from brown algae.

The polysaccharides, agarose and agaropectin are the main constituents of
Agar. Agarose is a linear chain of alternating neutral sugar residues — mainly
1, 3 linked D-galactose and 1, 4 linked 3, 6- anhydrous L-galactose residues.
Agaropectin consists mainly of D-galactose, 3,6-anhydro-L-galactose, some ester
sulphate and D-glucurcnic acid. It has many of the structural features of
agarosc,

Agar is insoluble in cold water but dissolves readily in boiling water, and
sets to a firm gel at concentrations as low as 0.5%]. Itis a valuable colloidal
substance because of its hydrophilic nature and its high ge! strength. These
two important properties are responsible for its wide use in the food, pharma
ceutical and textile industries as a thickening, emulsifying, stabilizing and
gelling agent. It is also used in medical and bacteriological laboratories as a
culture medium for microorganisms.

More than 50 species of red algae have been used as raw materials in the
manufacture of agar. Principal sources are species of Gelidium, Gracilaria,
Ahnfeltia, Pterocladia and Phyllophora. In Japan, the largest amount of agar, is
extracted mainly from plants of the genus Gelidium.
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Durairatnam and Medcof' made a preliminary survey of the Sri Lankan
sources of algae for the extraction of agar on an industrial scale. Durairatnam’
after a systematic survey teported that Gracilaria confervoides and Gracilaria
edulis (lichenoides) were found in large quantities, had a high gel content and
could be used for the production of agar. We now report a preliminary study
made of the feasibility of extracting phycocolloids from eight species of red
algac collected in Sri Lanka and some physico-chemical propertics of these
phycocolloids.

2. Experimental Methods and Materials

The locality, habitat and distinguishing morphological features of the cight spe-
cies of red algaestudied are given in Table 1. Of the eight species studied, two
species showed some biological variation. Brown and red thalli of
Gracilaria edulis, and also orange and green thalli of Hypnca musciformis were
collected. But for the extraction of phycocolloids these samples were bulked
and replicate subsamples (50 g) were used. Gracilaria corticata is a polymorphic
species but data reported in this paper refer to one form collected from
Hikkaduwa.

The seaweed samples were washed and thoroughly sun dried (2-3 days) close
to the site of collection. The problem of sample deterioration due to microbial-
activity was not observed, The dried samples were ground in a mill and extracted
according to the procedure used by Durairatnam et al’ The sun dried
product was stirred successively with ethanol and acetone,

The moisture content of the sun dried samples was determined by heating
the samples at 110°C for 4 hours and the ash content obtained by incinerating
the samples at 550°C for 5 hours. The water soluble Na+, K+, and Cat+ salts
present in the ash of the algac and the agar, respectively, were recorded by using
an EEL flame photometer.! The sulphate content was determined as BaSO, after
a preliminaty treatment with 0. 5 N HCL  The gel strength, temperature of
gel formation and the melting temperature of the gel were determined as
described by Ramarao and Krishnamoorthy.?

3, Results and Discussion

Table 2 gives the percentage yield and colour of the phycocolloids isolated.
The best yield of phycocolloid was obtained from Gracilaiia salicornia. All other
species of Gracilaria studied gave reasonable yields of phycocolloids. Of these
only G. salicornia and G. edulis (lichenoides) can be gathered or collected in large
quantities and hence be considered worthwhile for commercial exploitation.
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The moisture, ash and sulphate contents of the algae and the phycocolloids
isolated are recorded in Table 2. The sulphate content of the phycocolloids
trom Gracilaria fergusonii, Acanthophora delile and Hypnea musciformis was
noticeably higher than that of the other species investigated, while that from
Gelidiellu acerosa was significantly low and comparable to that of Spanish agar.

Table 3 gives the percentage of th: water soluble sodium, potassium and
calcium ions present in the ash from the algal and phycocolloidal material
respectively, It is interesting to note that the ash of the phycocolloid from
G. fergusonii and G. crassa has a very high concentration of potassium while those
of G. corticata and G. edulis (lichenoides) is telatively low.

Table 3 - Water soluble Na, K and Ca contents of the ash

Species Algal material . Phycccﬁlloid
s : - o O Y MOk _/ Na “E ey
1. Gracilaria corticata 7-50 26+50 3.20 3.0 0-72 4.32
1. Gracilaria ferpusonii 8.30 11.00 2-65 3.57 8.50 2-50
3+ Gracilaria crassa ' 0.00 1120 2-R0 360 8. 50 1.85
4+ Grucilaria salicornia :
(cast ashore) s 12450 2700 310 1.80 200 ¢ 180
5. G. salicornia : 9-75 20.00 4.90 539 300 2.60
6. Gracilaria edulis
(lichenoides) o 780 19.25 2.558 270 1-50 92
7+ Acanthophora delile . 8.50 12.50 4.32 5.00 5-00 3.50
%, Gelidiela acerosa e 1500 26-00 4. 10 3-10 2-60 460
Y. Hypnea musciformis e 17-00 4. 50 5.85 4.50 2-50 1-95
10- Spanish agar .. —_ - — 6:50 (.35 2.00°

The gel strength, temperature of gel formation and the melting temperature of
the gels formed by 1.0%, 1.5%, 2.0% and 2.5% solutions respectively, are given
in Table 4. In general, species with high ash content also have a high sulphate
content ‘and correspondingly low gel strength, eg.  Acanthophora delile and
Hypnea musciformis.  Further phycocolloids witha high content of water soluble
potassium salts appear to form gels with better properties. Thus the phycocolloids
from G. fergusonii, G. crassa and G. salicornia vield gels with o wider setting and
melting temperature range. The low gel strength of the sample from G. fergu-
sonii is probably due to its high sulphate content. The low potassium content
of the phycocolloid from G, corticata may be responsible for its low gel strength.

It may be possible to improve the setting properties of such a phycocolloid by the
addition of a soluble potassium salt.6
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The gel strength of a gel is determined largely by the amount of polymeric
material which has precipitated in the form of a network. It has been reported
that 3, 6-anhydrogalactose is less hydrophilic than galactose.* Therefore galac.
tans having a high 3, 6-anhydrogalactose content yield very strong gels.*
Furthermore, the presence of sulphate groups makes the galactans more soluble
and thus lowers the gel strength and the melting temperature of the gel, while
the presence of K+ will lead to an increase in gel strength. This has been
attributed to the fact that potassium salts of D-galactose sulphates are less
hydrophilic than the sodium and barium salts of these compounds.’

A combination of these three factors together with the presence of inorganic
impurities may be responsible for the variation in gelling properties observed
during this investigation.

The potassium content of the Spanish agar sample is very low compared to
that of the phycocolloid samples prepared in our laboratory. Hence the potassium
content alone cannot markedly affect the gelling properties of these substances.
The superior gelling properties of this sample is probably attributable to its 3 6
anhydrogalactose content of the agarose fraction and low sulphate content.
The absence of inorganic impurities which is reflected in the very low value for
its ash content, is another factor which must be taken into account, Improve-
ment of the gel forming ability and gel strength properties of the phycocolloids
isolated is part of our future programme of research,

4. Conclusion

Of the red algae studied Gracilaria edulis (lichenoides) and G. salicornia appear to
be the most suitable for commercial exploitatior.
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Convergence Factors in an Integral Mean
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Abstract : The main theorem proved in this paper gives conditions necessary and sufficient
in order that, for some real Cm(me=0Q,1, .- r—1)

T

1
Lf (x) g () = 2 Cmx"717™ + o (xP19%) whenever

m=C
k=1
Iuf (x) = X cpxk—=I-m 3 O(XD'H‘)‘ where Ikf (x} denotes the k-th iterated integral
m={
of f(x), under suitable restrictions on the function f, g, and under the assumptions
tkeNo r2k>0 pgeRandp+gq @ {-1-2,.-. -1}

1. Introduction

It fel ,keN,letl f(x)=f, (x)denote th k - the iterated integral of { (x).
We assume in this paper that r, k e N, r > k, p,q € B and that (a) if r=k =0
then f, g € F (The space of all real functions defined on [1, co)).

(b) fk=0,r> 1, thenfel,,geB_ (Space of functionsin F bounded and
measurable locally),

() ifr>k>1thenfel ,g<'eAC
continuous locally),

{Space of functions in F absolutely

loc

g™ denoting the m - th derivative of g, g° denoting g.

We prove the following theorems; omitting the trivial case r == k= 0.

Theorem 1. Letp+q> -1.

(a)Ifk =0, r > l,anecessary and sufficient condition that I f (x) g (x) =0 (xr4247)
whenever I f (x) = 0 (x°*¥} is that

(), 0 frt=9 g(t)|dt= 0 (x) as x »c0.

(b) If r > k > 1, then necessary and sufficient conditions that I f (x) g (x) =
0 (xr+a¥) whenever I, f (x) = 0 (x¥¥) are:

(i) g(x)=0(x9) as x —* oo,
Gi) [y 9] g (t)|de=0(x) as x —* o0.
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We find that the conditions in Theorem 1 are necessary even in the case

p+qg<-1. Wealsofindthatifp 4 a<—1,p+q# {-1,-2,-.. - r}and the
conditions of Theorem 1 hold, then there exist constants C_, m=20,1, ...t1 -1
such that Lf(x) g f }_.:-Jcn))‘]“:_m 4 0 (xrtetn),

We combine these results to give :

Theorem 2

(a) Ifr> k>0,v31l, pragé{-1,-2,« -1} cgim=0, L+ - k-1

k1
are real, I f (x) =¥ ¢ x*"17™ 4 0 (x**+%), and the conditions of Theorem 1

hold, then there exist constants C_ (m =0, 1, --+ r — 1) such that

=1

LE(x) g(x) =% c x~!"™ 0 (xptHn),

m

(b) fr>k>=0,r=1, and there exist constants C_(m =0, 1, ~ 1) such
that 1f(x) g (x)= E C sgr=temid [} (abtece)
k_ m—-\.
whenever I f (x) =X c x¥~'=™ + 0 (x**+), where ¢, (m=01,--k-1)

are real, then the conditions of Theorem 1 are necessary. An empty sum
denotes zero.

Theorem 2 is the analogue for continuous variables of the sequence -
sequence problem considered in [1].

2. Auxiliary Results

Lemma 1. Let ke N, ge B and g-! € AC, .. Then, each of the following
sets of conditions : _
(@ @, it eg®]|de=0(x) (ii), fyt=a | gk (1) | dt = 0 (x),
(b) (), [t g (t)dt = 0(x) (i), Jrt-o gk (1) dt = 0(x).
() (D.e(x)=0(xY (i), g5 (x) =0 (x3H~Y),
implies that g(x)=0(x2) for j=0,1 -- k —1.
Pmlof. Clearly, it is enough to prove that (i), and (ii), imply that

g =0,
Case 1. Let q> k- 1.

Since’ gk“(x) sl (T} o (e tk“lg (1)) dt, partial mtegratlon and
(ii), give g&'(x) = 0 {x37**!), and further integration gives the result,
Case 2. q=k—1. Integration (ii), n—1 times where 1 < n < k, we get
I, [xgk (x)] =0 ()" 2-1)
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Now, {dfdx)* [xgk ™ (x)] = xg* (x) + ngt=! (x) p. p., and integrating this
n times we have

xeF (x) - nl [ ()] = 0 (x"), 2-)
by 21D,
Now, (i), and partial integration give Ilg(x)] = 0 (x*). (2.3)
Putting n = k in (2-2) and using (2-3), we get

g (x) = 0 (x*7). (2:4)
Puttingn = k—1in (2-2) and using (2-4) we get g' (x)} = 0 {z~1),
and proceeding similarly we establish the result.
Case 3. q-= k—1. Partial integration and (ii), give, in this case,
gl (x) = c + 0 (x4 = ¢ 4+ 0 (1).
cxk-a

Heoe | OBl s e

1
and thus, (i), can hold only if ¢ = 0, and (2-5) gives
g1 (x) = 0 (x**+1), which is the conclusion if k = 1.
If k= 2,since [1t*"2g" 1 (1) dt = 0 (%), in the case q > k-2, we can
use cases 1 and 2 with k replaced by k—1 to get
g(x) =0(x%) for j=0,1, ..k—-2. If gq< k=2, by repetition of the
above argument, we get g ! (x) = 0 (x"7*+2), and thus
[Fetmagk=2(t) dt = 0(x). We now establish the result by an inductive
argument.
Lemma 2. If d = (—1) (17‘)—“7_-‘-*1_"-’% i,j=01, - kreN
i jfr—1 i1 *® R ; ’
and D, is the cofactor of d; in the determinant D = det (d,) of order
(k+ D x(k + 1), then D = K;; uk=0+=1 where K is independent of

SR
u, D= Pyl =0 p=T] S JOERNE ]

m={ (1' =l +m) !
This result is proved easily by induction with respect to k.

Lemma 3. If p tk> 1, k'>k and gt (x) = 0(x"+¥), then
g (x) = o (xP*1), <0’ may be replaced by ‘0’ here
This result is well known.

Lemma 4. If p+k>—-1, p+q>-1and g (x) = o(xr+*), then
I x49g (x) = o (xP*9F%), 0’ may be replaced by 0’
of [2](Lemma 1) and {3] (Lemma 4). :

here.
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Lemma 5. Let ne N and let 8§ be the subset of F such that every
s € 8 satisfies s" ¢ AC

a(x,t) =0 for t > x, a(x,t) el [l, x]for every fixed x> 1, and

e and s (t) =o0(1) ast-»oco. Suppose
1 jalx, t) [dt =0(1) as x—>co forevery T > 1. Then, in order that
v(x) = [Ta(x,t)s(t)dt =o(l) as x—+oo whenever s € S,
s(1)=s'"(1) =--.=5"(1) = o it is necessary that
filalx, )]dt =0(1) as x-— o0
See [4] (Lemma 8).

Lemma 6. Suppose a(x, t) is bounded and measur able on [I, x] for every
x> 1 and a(x,t) =0 for t> x. Then in order that

V(%)= fra(x, ) s({t)dt=0(1) as x> 00 whenever s ¢ L and s(t) = o (1)
as t —> oc,it is necessary that j’l‘| a(x, t)[ dt =0 (1) as x — co.

3. Proofs of Theorems
Proof of Theorem 1. WNecessity.

By repeated partial integration, when r > k= 1, we have

1f(x) g (x) = 1%%?-;;: f(t) g(t)de
={ ~TF P (DG, (% D de+8,f, (D g (x), (3-1)

where D I'E, G (x,t) = (xht)i:_l g (t), and §5, is the Kronecker delta.

Yor ° (r—1)! :
When k=0, r> 1, the formulastill holds.
Define  a(x, t) = (= 1)FteHex=r=3=1(D )G (x, t), s(t) = t=°=5f (¢)
and vi(x) = [fa(x, t) s(t)dt.
Then, (3.1) gives

x—r=e=r [ f(x) g(x) = v(x) + 8, xP~9f, (x)g (). (3-2)

Since conditions (i), (i) and (ii) are independent of r, r » max (1, k), it is
enough, by Lemma 3, to consider the case r > k + 1 here, and then (3-2) gives :
v(x) = 0(1) as x—>oo whenever 5€ St~! when k> 1, and

v{x) = 0(1) whenever s € L and s(t) = o(1), when k = 0, where Sk~
is defined in Lemma 5.
Clearly, a (x, t) satisfies the conditions of Lemma 5 and 6, and
hence we get the necessary condition ¥ ! alx, t) | de =0 (1),
which gives [rtrt< [(D)FG, (%, ) |dt = O(x7+i#7), k > 0, and by
Lemma3, r may be replaced by r+ 1, i =0, 1,-++ in this equation, ‘
Thus, 5 otk i Dt)‘k Gr_H (x, )| dt = 0(xr+a +?1'+i). (3.3)
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(=D (1]() (x — t)rHi—i—
Now ‘(Dt)k Gr-l-i(x' 0 :i%“-::l (rt+i—j —1)1 Ek_] (t)‘ v 0’ o k’

and solving these equations and using Lemma 2, we get
_ k
P (x—t) &+ 6=D gk=i(¢) = 3 D (DJ* G, (x, t)
i=0

k
= ¥ K {x—g)sft (D')kGr_‘_.l(x, t), forj =0, 1, .-k, where K,

is independent of x and t, P # 0.
Hence, since k{r—1) 4-j—i= 0, we have
(FOEHDE=D o2 ghta | g (1) | de
< ﬁdz t ktr (_x — )N (=1 | gk—-i (t) | dt
<= J‘)i- tk'H’ (X.— t)(k“l‘l)lt—“]) 'I gk_}(t) J dt
Kij
P

k
3N

s

xkG=D i px etk (DY) G, (x, £ | dt

i =0

— 0 (xUHDE=D4p+a+) for j— o, 1, ---k, by (3-3), (4-4)
Now, (3-4) gives

fx Lk+:igk—i (t) | dt = 0(xettiH) =0, 1, .- -k, and by Lemma 4,
this gives fiek=a=i| gk=i() | dt = 0 (x). (3-5).
If k=1, taking j =0 and j=k in{(3-5 and applying Lemma 1, we get
the necessary conditions (i) and (ii).
If k=0, we get the single condition (i), from (3-5).

Sufficiency. By expanding (x —t)*! and applying Leibniz's theorem,

=1 k
we get (~DxDD:G,(x, ) = & A x~'=m % B> ghk=i(t) when k > 1

m=1{ {==0

—1
and (-Dx(DJG, (x,1) = X A_x!"mtmg(t) when k =0, where

=0
(- o (1)
A — m _{k . _
WL N Y. ¥ B.~(_)m(m—i)—--(m—l—’rl)forl_-.; i, B =0,
&=1)! 7 Lt

Substituting in (3-1), we get, when k=1, 1f(x)g(x)

—1 k
=S A_x—1=m % B, =i (g (0 de +5 f(0g(),  (3:6)

) i=0

r—1
and Lf(x)gx) =3 A_x~1=mxt™f(t)g(t) dt when k = 0. 3.7

m={

If k=0 and (i), holds, Lemma 4 gives
Fete | g de = 0 (xr+¥+) form = 0, 1, -- r~1, and since £(t) = o (t?),
et () g (D dt = ffo (tFH) | g (1) ll dt = 0 (xr*+atmt) and hence
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(3.7) gives Lf(x)g(x) = o (xFHitr) the required result.

If k=1, (i) and (ii) hold, by Lemma 1 we get

ikt | gl (0 ]de =0 (xstatmdl) and since f (x) = o0 gantel,

frenti fe) ge-tlE) de = o(xrtatmt) for i=0,1, --k, and
substituting in (3:6) we get
If(x)g(x) = o (xPHitt) f o (3P HIH) = o (xr¥atr),
Proof of Theorem 2.
(3) We may take, without loss of generality, ¢, =0 for m=0,1,- k-1,
since f (x) may be replaced by h(x)=f(x) --kﬁlc’m gimtlhe
: m—=1

vt :
so that b (x) = fL(x)-=Z ¢, xk=1=m = o (x#+5), (the constants ¢;

m
=0

being chosen suitably), while the form of the conclusion is unchanged.
It is also enough to take p+aq<-1, ptag{-1, -2, oty
If k=0 and (i), holds, esin the sufficiency partlz of Theorem 1,
weget rrf(©g(dt=oGrttot) ta for m=01, - r—1, and
substituting in (3-7) we get

[E(x)g(x) = E] C_x—1=m 4 o(xrtutr), whete C, = Aty

m—
If k=1 and (i) and (ii) hold, as before we have
B () g (t)dt = o(xptatmtl) o i=0,1,- -k and
m = 0,1, - -z — 1. Substituting in (3.6) we get the conclusion

k
with C, = A, Ba,. Clearly, every C, =0 when p+g> -1

i—0
(b) We may take every ¢, =0, p 4+ g< — 1. Let n bea positive integer such

that p+g+n> -1,
By (a) above, with f(x), g(x),p,a, k replaced by f(x)g(x), x", p+q,n,r

—1
respectively, we see that 1f (Dgx)= T Cx'""+o (xrtutr)
m={

implies Ixf(x)g (x) = o (xFHartatr) since (p + q)+n > -1,
e 1f(x).xg(x)=o0 (xrtiatoi+r) whenever f, (x) =o (xP*%), and hence by

Theorem 1, with g(x), q replaced by x°g(x), g+ n, we get the necessary

conditions : it —Cadn) | gog () | dt =0 (x) when k =0 (3-8)
and st yng () = 0(1), ' (3-9)
fx th=tatod | (dyde)s [eng ()] dt = 0(x) when kz1 (3-10)
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(3-8) and (3-9) ate the same as (i), and (i) respectively
By Lemma 1, (3-9) and (3-10) imply, for j =0, 1,- -k,

fro—a=n | (dfde) [tg ()1 ] dt = 0(x). 3.11)
k
But, g (0) = (d/dO* [t . tog (O] = F d, t=o~*H (d/de) [tg (D)].
=10
where dy+= (li()(---n)(—n—l)—--(—n—k—l—j + 1),
x k "% ) dy !
Hence '.t"'““|gk (D]de < = |d, | l t““_“'*"l (a ) [tg (0] ] de
J J=0 J1 t

= 0(x), by (3-11).
This completes the proof.
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An Electron Microscopic Study of the Liver in the
Rhacophorus leucomystax maculatus (Gray) Tadpole
after Treatment with Aflatoxin B 1

A.D. P. JAYATILAKA AND S. KIRUPANANTHAN

Department of Anatomy, Faculty of Medicine, University of Peradeniva,
Peradeniya, S1i Lanka.

{Date of receipt : o1 February 1980)

(Date of ucceptance : 12 Dacember 1050)

Abstract: Tadpoles, being visible to the naked eye, were chosen to observe embryenic
material. Rhacephorus leucomystax macularus tadpo'es were trested with LD 50 of
aflatoxin Bl. Tadpoles were moritund on the 2nd, 3rd and 4ch days after treatment.
Those that survived the treatment were transfered into fresh distilled water. The
livers of control tadpoles and those that were moribund on the 2nd, 2rd ard 4th days
were dissected by microdissection, processed and observed with an electron micrescope.
The livers of those tadpoles that survived the treatment were also processed after two
weeks. The hepatocytes of the treated tadpoles showed nucleolar capping and in the
cytoplasm there was fatty infiltration, structural changes in the organelles, presence of
crystals and complete absence of glycogen; glycogen was present in the hepatocytes of
control tadpoles and also in those tadpoles that survived treatment. The structural
changes in the hepatocytes of trcated tadpoles were probably due to the toxicity of
aflatoxin on the cell.

1. Introduction

Several workers have observed theultrastructural changes in the livers of various
animals due to toxicity of aflatoxin Bl. These observations have been made
in the rat, **%% in the rat and in the monkey® and in the duckling. U

Arsecularatne et al? used tadpoles of the Rhacophorus leucomystax maculatus
for the bioassay of aflatoxin Bl. This was the first time that observations were
made on the toxic effects of aflatoxin Bl on visually observable embryonic
material when compared to other animals whose embryos were either in uteri
orin eggs. Jayatilaka and Maxwellé observed clectron microscopic changes
in livers of Xenopus laevis (Daudin) tadpoles after treatment with aflatoxin
Bl. This paper presentsthe ultrastructural changes, caused by LD 50 of aflatoxin,
in the liver of the Rhacophorus leucomystax maculatus tadpoles, in the same
larval stages, as those used by Arsecularatne et al? in their study of the liver by
light microscopy.

2. Materials and Methods

Tadpoles from a single spawn nest were reared and measured as described by
Joseph and Jayatilaka.” 20 mm tadpoles (total length) were treated with 1.6
pgfml (LD 50) aflatoxin Bl for 4 days as described by Arsecularatne et al.? Death
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of tadpoles commenced about the Znd day and was most frequent on the 3rd
and 4th days. The livers were dissected by microdissection in control tadpoles
and in moribund tadpoles on the 2nd, 3rd and 4th days. Tadpoles that survived
were transferred to fresh distilled water on the 5th day and fed with spinach
leaves thereafter. After a period of two weeks, the livers of these tadpoles were
also dissected by microdissection. The dissected livers were immersed in a
mixture containing 4% paraformaldehyde, 0-5% gluteraldehyde, 0.01% calcium
chloride in 0-1 M sodium cacodylate at a pH of 7-3 for 24 hours at a temperature
of 4°C. They were then postosmicated in a mixture containing 1.0% osmium
tetroxide, 0.1% calcium chloride in 0-75 M sodium cacodylate at a pH of 7.37
for 2 hours at a temperature of 4° C. The specimens were then dchydrated in
graded alcohols and finally embedded in epon. Ultra thin sections were cut on
a Porter- Blum Ultramicrotome, floated on to copper grids, doubly stained with
uranyl acetate and lead citrate mixture and examined under a Hitachi 12 U

clectron microscope operated at 75 KV.

3. Results

In the control tadpole, the hepatocytes showed a rounded nucleus with a
nucleolus (Figure 1). Organclles such as mitochondria, rough endoplasmic
reticulum, tibosomes, vacuoles and glycogen were observed in the cytoplasm
(Figure 1). A large number of microvesicles were also observed in the cytoplasm
(Figure 2). Tight junctional complexes were scen between adjoining hepatocytes
which formed the bile canaliculi. Microvilli were seen to project into the lumen

of a bile canaliculus (Figure 1).

The - hepatocytes of larvae who were moribund on the 2Znd day showed
nucleolar changes and fatty infiltration of the cytoplasm (Figure 2). The
nucleolus showed nucleolar capping with nucleolar material arranged in a
peripheral very dense and less dense zones. The very dense zone was thicker
than the less dense zone and the entire nucleolus gave the appearance of a signet
ring (Figure 2). The centre of the nucleolus showed a clear area with fine
granular material and extremely electron dense material in the middle of the
clear area (Figure 2). A similar area was seen in the very dense part of the
peripheral nucleolar materia! with fine granular material within it (Figure 2).
The fat infiltration was seen as large ovoid cavities which were lined with
electron dense material (Figure 2). The centre of the fat vacuole was clear.
Macrovesicles were also observed in the cytoplasm. The hepatocytes of the
tadpoles who were moribund on the 3rd day showed irregularly shaped nuclei
and in the cytoplasm there were more fatty vacuoles either completely filled or
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partly filled with electron dense material (Figure 3). Other hepatocytes showed
fatty infiltration where the vacuoles were filled with dark electron dense material
(Figure 3). The mitochondria in these cells were swollen and contained dark
electron dense material (Figure 3). The rough endoplasmic reticulum and ribo-
somes were not observed but multivesicular and autophagic vacuoles were begin-
ning to appear.. The appearence of crystals bounded by membrane was another
feature (Figure 3). The hepatocytes in tadpoles who were moribund on the 4th
day were the seat of marked cellular degeneration. They also showed markedly
distorted nuclei and the cytoplasm showed the presence of dilated vacuoles, some
empty and others with membrane material, while autophagic vacuoles were
distinctly more than in the hepatocytes of those tadpoles that were moribund on
the 3rd day (Figure 4). In some hepatocytes of tadpoles, who were moribund
on the 4th day, the cytoplasm showed dilated rough endoplasmic reticulum and
were circular in cross section (Figure 5). These were identified as R. E.R. due
to the presence of ribosomes attached to their membranes (Figure 5). Some
hepatocytes showed densely osmophilic chromatin, in the nucleus and the
cytoplasm showed the presence of fatty infiltration, swollen mitocondria, dila-
ted smooth endoplasmic reticulum and multivesicular bodies. Other hepa-
tocytes showed only the presence of multivesicular and autophagic vacuoles,
fat globules, myelin figures and membrane bound vesicles (Figure 6). In other
hepatocytes, the nucleus was prominent with a well marked condensed nucleolus.
In these the cytoplasmic organelles were not readily recognisable except for fat
globules, distended vacuoles and myelin figures (Figure 7). Another marked
feature was the presence of a large number of microvilli projecting into the lumen
of each bile canaliculus when compared to a bile canaliculus in a
control tadpole (Figures 1and 8). Some bile canaliculi were grossly
distended with few microvilli projecting into the lumen. In these hepatocytes
the nucleolus was swollen but did not show nucleolar capping. Glycogen was
not present in the hepatozytes of those tadpoles moribund on the 2nd, 3rd and
4th days after treatment.

In those tadpoles that survived the treatment and who were sacrificed after
two weeks, the hepatocyte showed completely normal cellular architecture and
was similar to the hepatocytes of the control tadpoles. The nucleolus appeared
normal and the cytoplasm showed the presence of all other organelles and the
presence of glycogen.

4. Discussion

The electron microscopic findings in this study support the observations of
Arsecularatne et al’? by light microscopy. Nuclear changes and cytoplasmic
vacuolation was very well marked in the present study. The hepatocytes showed
various stages of cellular degeneration. The vesicular nuclei observed by Arse-
cularatne et al? was probably due to the dispersal of chromatin which showed as
vacuolation in light microscopy.
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The findings in this study closely tesemmbled the observation of Bassir and
Babamunmi,’ Butler # 5 and Svoboda and Higginson® in the rat, in the rat and
in the monkey by Svoboda, Grady and Higginsen® and in the duckling by The-
ron'® and Theron, Liebenberg and Joubert.!! Similar changes were observed by
Jayatilaka and Maxwell6 in the hepatocytes of Xenopus laevis (Daudin) tadpole.
Nucleolar capping, dilatation of rough ¢ndoplasmic: and smooth endoplasmic
reticula, mitochondrial enlargement, multivesicular and autophagic vacuoles
and bile canaliculi hyperplasia have also been observed in this study.

In eukaryocyte organisms, a definite number of chromosomes of the cell take
part in organising the nucleolus-called nucleolar organisers. It is seen as perinu-
cleolar chromatin, For this purpose, the chromosomes were located close to
the nucleolus. Allison and Paton' have shown that enzymes liberated from
lysosomes may enter the nucleus and produce chromosomal aberrations. These
two workers have shown that lysosomal enzymes produce chroinatid breaks and
play a part in carcinogenesis, Lysosomal enzymes could gain access to penctic
material and cause changes without impairing mitosis. Lysosomes can be affected
by carcinopgenic agents like aflatoxin Bl. Thegranular element have been shown
to be RNA and the fibrillar elements the DNA strands, Thus nucleolar capping

nay be the ecarliest changes seen in the nucleolus of those cells that may
become cancerous due to a changed genetic structure.

The other observations were mainly due to the acute toxicity of the hepato-
cytes. The second day tadpoles showed fatty infiltration in the cytoplasm which
was a characteristic feature in the hepatocytes of those tadpoles who were mori-
bund on the 3rd and 4th days. The hepatocytes of the tadpoles who were
moribund on the 2nd, 3rd and 4th day after treatment showed alteration of the
structure of the organelles in various degrezes, while in some hepatocytes the
picture was that of cell death.

The hepatocytes of those tadpoles who survived the treatment showed normal
structure This parhaps was due to the fact that the hepatocytes either had
undergone regeneration in the liver or that these hepatocytes were not affected

at.all.  Arsecularatne et al* reported that those tadpoles which survived became
giant tadpoles and that the period of their metamorphoses was delayed. Thus

it may be postulated that the matabolism of the tadpole was in some way deran-
ged by the toxicity of the hepatocytes by aflatoxin Bl and this in turn may
have caused disruption of the hypothalamo - hypophysio - thyroid axis thereby
producing giant tadpoles and also delay in metamorphosis.
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Figure 1. An electron micrograph of a hepatocyte in a control tadpole
showing nucleus (N), nucleolus (nl), mitochondria (M), rough endo-
plasmic reticulum  (rer), vacuole (V), and glycogen (g). Arrows
show tight junctions near bile canaliculus (be). x 10,250
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Figure 2. An clectron mictograph of a hepatocyte in a tadpole
moribund after two days of treatment showing nucleolar capping (nl) and a
fat wvacuole (fv) . x 16,000
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Figure 3. An electron micrograph of a hepatocyte in a  tadpole
moribund after three days of treatment showing irregularly shaped nucleus
(N}, swollen mitochondria (M), electron fat vacuoles (fv), vacuoles (V)
autophagic vacuoles (av) and membrane bound crystals (C). x 16,000
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Figure 6, An electron micrograph of a hepatocyte in a tadpole mor-
bund four days after treatment showing autophagic vacuoles (av), fatty
vacuoles ' (fv), myelin figures (mf), vacuoles (V) and crystals

(C). x 12,750 -
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Figure 7. An clectron micrograph of 2 hepatocyte in a tadpole mori-
bund four days after treatment showing prominent nucleus {(N), nucleolus
(nl), fatiy vacuoles (fv), vacuoles (V) and myelin fizures (mf). x 12,800
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Figure 8. An electron micrograph of a hepatocyte in a tadpole mori--
i . n . 11 . . M
bund four days after treatment showing increased microvilli (vi), projecting

into a bile canaliculus (be). x 16,000
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Sole Source of Roughage

M. C. N. JAYASURIYA
Department of Animal Science, Faculty of Agriculture, University of Peradeniva, Peradeniva,
Sri Lanka.

(Date of receipt » 28 March 1980)

Date of acceptance = oz January 1981
I

Abstract: A feeding trial with crossbred sheep, to investigate the usefulness of spent
tea leaf (8TL) as a source of protein for sodium hydroxide treated rice straw is reported.,
Three concentrate rations prepared by mixing ground maize either with urea (14 ¢ or
18 g per 100 g concentrate) or spent tea leaf (18 g per 100 g concentrate) were compared.
Treared straw (4% w/w) was given to appetite as the only source of roughage, The
animals on diet containing STL performed equally well as those on urea npn  diets,
although STL containing diet provided only 6% crude protein. This observation
peints to a possible by — pass nature of STL protein. It also appears to be an excellent
source of supplementary protein for sodium hydroxide treated straw — based diets.

1. Introduction.

The usefulness of non-protein nitrogen (npn) compounds in the nutrition of
ruminants has been well documented. ' 12 Urea, the commonest npn compound
of choice has increased the feeding value of both untreated ?, 4 and chemically
treated > ¢ poor quality roughages. Urea at 2% level of supplementation has
significantly increased the digestibility and voluntary dry matter intake of sodium
hydroxide treated rice straw.?

Spent tea leaf (STL), the residue from the manufacture of instant tea has 32%
crude protein in dry matter. Feeding trials conducted in Sri Lanka have indi-
cated the possibility of incorporating up.to 18% STL in the concentrate compo-
nent of rations of growing calves. ¢

The feeding trial reported in this paper was aimed at investigating the use-
fulness of STL as a source of protein for ruminants fed sodium hydroxide treated
rice straw. An attempt was also made to compare STL protein with urea npn.

2. Materials and Methods.

The apparent digestibility of three diets was determined using growing sheep
(Jatfna local x Bikaneri) of average liveweight 22 kg (range 21 kg to 24 kg). Rice
straw variety H, chopped into 20 to 50 mm lengths, treated with 40 ¢ sodium hy-
droxide (NaOH) dissolved in 1-2 litres of water per kg of straw as described pre-
viously,” was given to appetite as the only source of roughage. In addition,
three concentrate rations (Table 1) prepared by mixing ground maize either with
urea (14 g or 18 g per 100 g maize) or spent tea leaf (18 g per 100 g maize) was
given at the rate of 100 g per animal per day.
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Table 1 - Composition of concentrate rations used in the fecding trial.

Ration Number

R--1 R-2 R-3
Amount of ground maize (g) 100 .0 1000 (AR}
Amount of ureaadded to pround maize
(2/100¢) 140 15:0 =
Amount of spent tes leaf added to
maize (¢/100g) = = 18-0
Dy matter (g/100g) 89.3 843 ap.3
Ash (¢f100g dry matter) 1-9 3.3 8.5
Crule protein (gf100g dry martter} 29.5 556 155

Table 2 — The average chemical composition of treated straw, spent tea leaf

and ground maize.

treated straw grovnd maize spent tea leaf
Dry matter (g/100g) 9.4 89.8 918
Composition of dry matter {e/100 g dry
matter) Ash 17-4 1.9 3.9
Crude protein 3-8 9.6 32-0
Crude fibre 30-8 2-3 13.4

Three animals were used for each treatment. They were housed individually
in metabolism crates designed to enable the separate collection of faeces and
urine. The feeding period was of 20 days duration, the first 12 days to allow
for adjustment to the rations with voluntary intake and digestibility measured
over the last 8 days. Voluntary intake was measured by feeding in amounts 10%
greater than the previous day’s intake, and determining the actual intake by
daily weighing of refused feed. Water and a standard mineral mixture were
freel;} available to all animals throughout the experiment.

Sainples of concentrate, treated straw and faeces were stored for subseguent
analysis for moisture, ash, crude fibre, and crude protein by conventional
methods. Urine was collected daily in plastic buckets containg 16 mlof 1 N
hydrochloric acid; the volume determined a 2% aliquot was refrigerated for sub-
sequent nitrogen determination.
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3. Results and Discussion.

The average chemical composition of treated straw, ground maize and STL used
in the feeding trial is shown in Table 2. Spent tea leaf used in concentrate
ration R-3 had a dry matter content of 91.8% and a crude protein content of
320% on dry basis. The quantity of STL used in thz ration was restricted to
18 g per 100 g concentrate as this level had been found to be the most suitable
for growing calves in a previous study.?

The present observations are in general agreement with earlier reports on the
influence of non-protein nitrogen supplementation on apparent digestibility of
alkali treated straw® Urea intake up t02% to 3% of the total dry matter con-
sumed increased the estimated !! metabolizable energy value of straw to 7.5 M]/kg
dry matter, making the treated straw equivalent to a medium quality hay.

Table 3 - Intake and apparent digestibility of dietary constituents

concentrate ration number SE of difference
R-1 R-2 R-3 between means

Crude protein content of total diet

(2f100 ¢ I\P!.M consumed) 944 12.27 6.04 o
Estimated ME content of strawl

(M]/kg DM} 75 774 7-61 -
Intake of urea (%) (intake as a % of total e 4

DM censumed) Z. 97 = =
Digestibilicy of dietary constituents (%) A
Di‘g‘f m;tlté?(f)hf)e} e 62.0 61.5 616 0-64
Organic matter (OMD) 68-9 681 67.2 0-70

: R T : : ; : ;
D:Eglgséuﬁsfrgalatc matter in dry matter $8.7 5717 567 0470
Derived digestibility of straw?

organic matter 64:7 646 64.3 W
Intake
Adflib:'tum intake of straw dry matter

gfanimal{day 465.5

pid -3 517-0 489.1 €6:13

ofKg W 0.75f dav 459 543 5.4 6.4

B Balance (e fday) 4+0.99 +6-32 +1.83 5

1. Metabolizable energy estimated as DOMD X Q- 145 11
2. Concentrate organic matter digestibility assumed to be 85%

The addition of 18% STL to concentrate ration R-3 increased the crude pro-
tein content of the total diet only marginally to 6-0%, yet its influence on the
apparent digestibility and voluntary intake of straw dry matter was comparable
to the treatment R-2 having a crude protein equivalent of 12.3% (Table 3)
Furthermore, at 6% level of crude protein this diet was able to bring about a
positive nitrogen balance which in fact was twice as much as the 14% urea
supplemented diet. These observations suggest a possible by - pass nature of the
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STL protein. It is possible that the polyphenols present in STL? may be acting
as a chemical agent in reducing microbial degradation of STL protein in the
rumen, thereby making the valuable aminoacids available in the abomasum and
lower digestive tract. Since the first draft of this paper was written, we have
confirmed in our laboratory that the STL protein has a very low rumen solu-
bility compared to many standard protein concentrates (example: 12% compared
to 50% in the case of coconut oil meal at 8 hours of fermentaticn) and that the
by~ pass protein from STL is about 80% digestible in the lower digestive tract.

It has been established that concentrate rations prepared with up to 18% STL
are highly acceptable and safe to growing calves fed forage diets.? A recent trial
has also shown that up to 20% STL can be included in the concentrate compo-
nent of dairy cattle rations without harmful effects.® Since supplementation of
Jow protein feeds based on roughage with a form of by-pass protein increases
feed intake and improves feed conversion ratio (kg feed intake/kg gain) of rumi-
nants,’® STL could become an excellent source of protein for poor guality
roughage based diets, especially alkali treated straw diets.

Further research is however required to evaluate the quality of STL protein
for ruminants.
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Abstract: The levels of serum IgG, IgA, salivary IgA and salivary lactoferrin were
determined in high and low caries subjects. The levels of immunoglobulin and
lactoferrin were found to be elevated in high caries subjects.

1. Introduction.

Numerous studies have shown variations i. serum and salivary immunoglobulins
in dental caries, #»'1.1% some reports suggesting a protective function for salivary

immunoglobulins, 45913

Lactoferrin, the iron and copper binding protein in secretions,® is present in
saliva and has besn described as a bacteriostatic agent.? As bacteria play asigni-
ficant role in the establishment and progress of dental caries, it is important to
know whether lactoferrin levels show any relation to the severity of discase.

In this communication, we summarise our preliminary data on serum immu-
noglobulins, salivary immunoglobulins and lactoferrin in dental caries in man.

2, Materials and Methods.
2.1. Subjects

The series consisted of 121 patients sclected from those attending an *Out
Patients’ clinic, at the General Hospital, Kandy and 28 caries free first year
medical students from Peradeniya, The medical students were freshmen and
were studied within one month of their arrival in the campus. Their family
income was used to assess the socio-economic backgrounds and 28 students of
socio-economic status comparable to that of the test group were selected. All
subjects were examined by the same dental surgeon and those patients with
evidence of other oral diseases, especially gingivitis, were excluded. The degree
of dental caries was measured by the number of decayed, missing and filled teeth
(DMF Index). The subjects were classified according to the DMF Index.
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2.2. Collection of saliva and serum.

About 5 to 10 ml of saliva were collected under paraffin stimulation from ecach
subject. The time of saliva collection was between 10 em and 12 noon. The
saliva samples were clarified by centrifugation (200 g) and stored at -20°C. Blood
was collected into Haematocrit tubes by the finger prick method, serum scparated
and stored at -20° C.

2.3. Determination of immunoglobulin and lactoferrin levels.

Unconcentrated saliva was used in all determinations. SIgA levels in saliva
were determined by Single Radial immunodiffusion (SRID) in 1.57; Agarose
using a rabbit antiserum (specific) to human § IgA (Nordic Immunological
Laboratories, the Netherlands), The 11S IgA standard was prepared in this
lsboratory. Serum IgG and IgA levels were determined by SRID in 29 Agatose
using class specific antisera (Nordic Immunological Laboratories) with reference
to the WHOQO Standard Serum 67/97.

11S IgA (as determined by gel filtration on a calibrated Scphadex G-2C0
column) was isolated from human colestrum. Gamma-globulins in human
colostrum were isolated by repeated precipitation with 33% ammonium sulphate
in phosphate buffer, pH 7.4. 11S IgA was obtained by gel filtration in the cali-
brated Sephadex G200 column and fuither purificd by affinity chromatography
on CNBr—Sepharose 4B insolubilized rabbit anti- human SIgA (from Nordic
immunological Laboratories, the Netherlunds). The 11S IgA thus prepared
showed one precipitation line on immunoelectrophoresis against rabbit anti-
human Fab and rabbit anti-human SIgA (Nordic Immunclogical Laboratories).
Calculation of standard concentrations was based on the assumed extinction
coefficient for SIgA of E L¢m 194 = 13.5.1°  This preparation was also cali-
brated against the WHO Standard Serum 67/97 with a correction factor applied
for differences in rates of diffusion.!

2.4 Determination of salivary lactoferrin levels.

Determination of salivary lactoferrin levels was performed by solid phase radio-
immunoassay exactly as described previously.!

3. Results.

The number of subjects in cach caries group, the mean + S. D. of their age,
DMF Index, levels of serum IgG, IgA, salivary igA, and lactoferrin are skown in
Table 1. In Table 2 are shown the statistical correlations (by linear regression
analysis) between salivary IgA, lactoferrin and the DMF Index,
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When the DMF Index was greater than 15, the mean serum IgG levels were
sigeificantly greater thun that of the control group with a DMF Index=0. The
salivary lgA and lactoferrin levels showed a gradual increase with the increase
of DMF Index. In high caries subjects (DMF Index = 11-15 and > 15) the
mean Jevels of salivary IgA and lactoferrin were significantly higher than the
corresponding values for the control group with DMF Index = 0.

Table 1 - The Mean, + 8. D. of Age, DMF Index Serum IgG, Serum IgA,
Salivary IgA and Salivary Lactoferrin,

Subject Group Age (years) DMF Index Serum 12G Serum IgA S IgA  Lactoferrin
(Wil {IU/mY) (fyfmim') (,*’-E-}__‘)"m])

DMEF Index == 0 20 * 142 0 5?i2? 51i27 GTI-f 20 Si'f
(n = 28) (46-113)  (0-2-26)
DMF Index = 1-5 21 #* i 1.6 =+ 1.2 51_-_I:21 4‘?i26 76476 Sill
(n = 41) (42-176)  (D.2-41)
DMF Index 6-10 21 + 1 7:5+ 1.3 50420 52420 82445 17437
{n = 14) (46-126) (0.6 42)
DMEF Index 11-15 ¥ * .4 12.4 Sl 1.4 54i15 64i_29* 95‘192* :-O_ill*
(n = 31) (46-151) (2-89)
DMF Index » 15 171 + 6 20.-9 = 4:1 73:1—_-26** 5Ti22 116-_&_113** E'.?iZCI“*
(n = 24) 54-319  (5-58)
* ¢ difference from DMF Index =0 , significant at 209 level,

** : difference from DMF Index == 0 , significant at 0.05% level,

Table 2 -~ Correlation between Salivary IgA, Lactofertin end the DMF Index

Subject Group Salivary IgA and Lictofeirin and Lactoferrin and
DMF Index DMF Index IgA
correlation correlation correlation
DMF Index = 1-5 vie—0e 163 ., NS s 0:063 NS yp 2:062 NS
DMF Index == 6-10 vy 0:348 ,p=10.01 ,, 0-036 NS v» 0.035 NS
DMF Index = 11-15 sy 0-281 ,p=0-01 ,, 0.4564 ,p=0-001 vy 044722, = 0-001

DMF Index == » 15 0204 ,p=0.1 ,, 0301 ,p~=0.001 ,, 0.503 ,p=0.001

NS: not significant.
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4. Discussion,

Subjects with a DMF Index greater than 15 exhibited a significantly elevated
level of serum IgG: the group with a DMF Index = 11to 15 (but not above 15)
exhibited a significant elevation of serum IgA. These findings are in gencral
agreement with other reports*’ In contrast, salivary IgA and lactoferrin
demonstrated a gradual increase with the increase of the DMF Index. The stan-
dard deviations were so high, however, that only in the group with DMF Index
greater than 15 (greater than 10 for lactoferrin) was the difference from the
control group sufficient to be statistically significant. To our knowledge, this
is the first report on elevated levels of lactoferrin in dental caries.

The concentration of salivary proteins are known to be affected by the rate
of saliva secretion.? '° However, it is not known to what extent these experi-
mentally determined differences reflect true differences in the glandular secre-
tion of salivary proteins. In the present investigation, we were not able to
measure the rates of saliva secretion and therefore, it was not possible to correct
for differences in rates of flow.

The absolute levels of salivary IgA observed in the present series are higher
than the values reported by others. #6/%/215 Such variations are to be expected
for reasons of ethnic, social and economic differences. However, technical
errors due to differences in Standard SIgA preparations cannot of course be
excluded. Unfortunately an international standard for SIgA is not available
and therefore accurate standardizations could not be made.

The pattern of variation of salivary IgA in relation to the DMF Index pro-
bably reflects the stimulation of salivary IgA production by antigens of cariogenic
organisms. A deficiency of secretory immunoglobulins in saliva precipitating
dental caries seems unlikely, The significance of the observed elevation of sali-
vary lactoferrin in high caries subjects is not clear. Further studies to elucidate
the role of lactoferrin in dental caries and also the antibody specificity of salivary
IgA are in progress.
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Impetigenised Scabies and Acute Glomerulonephritis
in Sri Lanka;
a Prospective and Retrospective Study

S. N. ARSECULERATNE, N. CHARAVANAPAVAN, C. NAVARATNAM
Department of Microbiology, Faculty of Medicine, University of Peradeniya, Pecadeniva, Sri Lanka,
AND

D. A. GUNAWARDENE

Desmatology Unit, General Hospita!, Kandy, Sri Lanka.

{Date of veceipt : 24 Maich 1980)

{Date of acceprance @ 23 January 1981)

Abstract : From a study of patients, hospitalized for acute glomerulonephritis with impetige-
nised skin lesions, impetigenised scabies was found to be the commonest antecedent
infection (79%4); this confirmes reports from Trinidad and South Africa thar impetigenised
scabies is a common precedent of acute glomerulonephritis. A prospective study of patients
with impetigenised scabies showed that only 8% developed wvrinary abnormaliries, Possible
explanations for this difference are discussed. The pattern of the serotypes of the § haemaolytic
streptoccoci isolated from these skin lesions was similar to that reported from other countries.
Stephylococcus awieus alons  was recovered from  the skin lesions of 403 of patients with
acute glomerulonephritis (AGN) but the wide variation of the propetties of these isolates did
ot suggest the esistence of special nephritogenic strains, Amongst the icolates of S aureus
from the skin lesions of patients with or without AGN, phage Group IIT was the commonest,
with phage Type 54 predominating. The staphylococeal isolates differad in their phage pattern
distribuzion, from those reported from temperate countries, AGN following pyoderma, was
found to have a latent period similar to that reported from other countries; the extent of the
pyodema had no relation to the occurrence or severity of the AGN. The ASO titres in
the nephritics, following pyoderma were foundto be intermediate between those in normal
persons and those in acute rheumatic fever. Epidemics of post-streptococcal AGN have not
been experienced in this country althoush sporadic cases are common.

1. Introduction

Acute glomerulonephritis (AGN) as a sequel to a § haemolytic streptococcal
infection, has been well documented.’® In temperate climates, especially in the
winter and in spring, the streptococeal infection has most often been an upper
tespiratory tract infection. In warmer seasons, in these countries and in tropical
climates, pyoderma is reported to have been the more common antecedent.!?
This is particularly true of populations living under poor hygienic conditions.

The pathogenesis of the renal lesion of AGN has generally been recognised as
being due to immune complexes and the acute nephritic syndrome which
typically includes post-streptococcal AGN has also been described in association
with other systemic diseases including staphylococcal®, %, viral? and parasitic
infections.2
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AGN and acute rheumatic fever (ARF) are two major clinical problems in
this country and in 1969/1970 the vearly admissions to state hospitals for ARF
and AGN were approximately 450 and 760 per 100,000 population, respectively.
In 1976, the rates for ARF and AGN were 500 and 720 respectively.

It has been a clinical impression that many of our AGN patients, especially in
the paediatric age group, have associated scabies complicated by pyogenic
superinfection, which is one of the commonest dermatological conditions seen
in this country. In 1969/1970 the admission rate to state hospitals for the
treatment of scabies was 4500, while in 1976, the rate was 1990 per 100,000
population. These figures exclude an appreciable number of cases that would
have sought outdoor or traditional indigencus treatment.

Since there was no data on the association between AGN and scabies in this
country, we studied the inter-relationships between scabics, a supervening 8 hae-
molytic streptococcal or staphylococeal infection of the skin, and AGN, both
prospectively by following up patients who presented with scabies and retros-
pectively in patients with AGN, in this district over a one and a half year
period-1969/1970- to take into account, seasonal variations in rainfall and tem-
perature. The topics of this study included the Groups and Types of the
streptococci, the characteristics of the strains of Staphylococcus aureus isolated
from the skin lesions and the anti-streptolysin titres (ASOT) in normal persons
and in the patients.

2, Experimental

The study populations; All patients were of alow socio-economic status, atten-
ding the non-fee levying state hospital in this district. They were consecutive
cases divided into the following classes:

Class A had 85 patients (48 male and 37 female) with AGN and impetigenised
skin lesions (infected scabies, infected eczema, infected dermatomycosis and
impetigo), who were warded in the medical and paediatric wards of this hospi-
tal. AGN was diagnosed when any three of the following were present-albu-
minuria, oedema, hypertension, macroscopic haematuria or microscopic (more
than 5 red cells per high power field in the deposit from centrifuged urine) and
oliguria,

Class B had 18 patients with AGN without preceding or concomitant
pyoderma.

Class C had 55 patients (38 males and 17 females) who formed the prospec-
tive study group. They presented with infected scabies at the Dermatological
unit of this hospital. They were examined weekly for at least 6 weeks for symp-
toms and signs of AGN. S:abies which was in all cases secondarily infected was
diagnosed clinically’? by a contact history, pruritus, distribution of the lesions
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and the response to antiscabatic therapy. Microscopic examination for the
parasite was not done at this stage on account of the difficulty of identifying the
burrows in the pigmented skin and the isolation of the parasite with secondary
infection. The clinical examination, as in the patients of Classes A and B,
included a detailed examination of the cardiovascular system, the urinary tract
with a laboratory examination of the urine as described below. The clinical
examination included a mzasurement of the blood pressure after a short period
of rest especially in outdoor patients, A standard blood pressure chart was
used to assess the significance of the measured pressure, A fresh sample of urine
was examined for albumin by the acid-hz=at method and for deposits microsco-
pically. The cell count was expressed as their number per high power field
(X 400) in the deposit from 5 ml of urine centrifuged at 150 g for 10 min.
The throat and at least 10 skin lesions were swabbed with serum coated swabs
which were plated immediately. A sample of peripheral venous blood was
taken for ASOT determination.

After the examination, the patients were treated appropriately, with 25%
benzylbenzoate emulsion, for scabies, with or without oral or parenteral
penicillin or tetracycline.

Normal sithjects. Sera from 176 normal school children (agerange 5-15, geo-
metric mean 6.4; 829/ males, 18% females) were used as controls for the ASOT
study.

Bacteriological methods, For primary isolation, the throat and skin swabs were
plated on 5%sheep blood agar with and without crystal violet and the plates
were incubated aerobically and anaerobically. £ haemolytic streptococci, after
purification were grouped by testing acid extracts by gel diffusion against stan-
dard grouping sera (‘Wellcome Diagnostic Reagents’). Typing of Group A
strains was done by Dr Jiri Rotta (Institute of Epidemiology and Microbiology,
Prague, Czechoslovakia).

The strains of S. awreus were characterised as follows:- haemolysis on sheep
blood agar, pigmentation on milk agar, lipolysis on (‘Oxeid’) tributryin agar,
opacity production on egg yolk agar, DNAse production on (‘Difco’) DiNse
test agat, mercuric chloride sensitivity’! penicillinase production!® antibiotic
resistance using standardised discs (‘Rosco’ Sensitabs, Denmark) of penicillin,
tetracycline and streptomycin with the ‘Osford’ staphylococcus as  reference
strain; independent confirmation of the zone diameters recommended by the
manufacturers was made by comparison with the frequency distribution of zone
diameters (Arseculeratne, unpublished data) of 300 strains of S. aureus
isolated in this laboratory and by MIC determinations with pencillin in tube
dilution tests. The strains were phage typed with the following phages :~
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Group 1 - 29, 52, 52A, 79, 80

Group II - 3A, 3B, 3C, 55, 71

Group lI- 6, 7, 42E, 47, 53, 54, 75, 77, 83A
Group 1V - 42D

Miscellaneous - 81, 187

Strains untypable by these phages were also tested against the following
additional phages :- 84, 85, 88.

Antistreptolysin ‘O’ titres:— these were estimated with commercial kits
(‘Wellcome Diagnostic Reagents’) by the 50% endpoint method determined
colorimetrically, as recommended by the manufacturers.

3. Results

Class A. The age distribution of the patients with AGN in Class A was as
follows, indicating that AGN in this country is primarily a paediatric problem:--

age fyears) numkber of cases approximate %
i-3 16 19
6-10 36 41
11-15 11 13
16-120 11 13
aver 20 12 14

Nature of the skin lesion. The nature of the impetigenised skin lesions in the
85 patients with AGN was as follows:—

lesion number of cases approximate %
infected scabies 67 e
impetigo 14 16
infected eczema 3 4
wound infection 1 1

Although the lesions in all the scabetic patients appeared to be infected with
pyogenic organisms, bacterial isolation was successful in only 63 (74 9/) of cases.
20 patients had been given systemic antibacterial therapy before bacterial culture
was attempted. In relation to prior penicillin or tetracycline treatment, the
isolation of £ haemolytic streptococci from the skin lesions was successful in
5/24 treated and 24/6]1 untreated patients.

Ared of skin affected. Although assessment of the area of the affected skin
was imprecise, there appeared to be no correlation between the area of the skin
involvement and the occurrence of AGN or its severity.

Latent period. In 79 cases, the modal latent period between the onset of the
scabies and the AGN was 4 weeks with a mean of 9-3 weeks.
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Table 1 ~ The incidence of 5 hacmolytic streptococcus and “Staphylococcus aureus
in the impetigenized skin lesions of patients in Class A and Class C,

Both Bhgemolytic

_B haemolytic S. aureus streptococcus and neither
Class streptococcus S, aureus
skin throat Skin  throat skin
12 1 34 4a 17 22
C 13 2: 17 41 18 11

b same strain as from skin lesions
a strains differsnt from those from skin lesions

Figures refer to number of cases

Table 2 - The Phage pattern and Group distribution of Staphylococcus aureus
from the impetigenised skin lesions of patients in Class A (numbers of strains
within parenthesis)

phage Group

! 11 1L Mixed untypable
29 (4} 55 (2) 54 (&) 29/54 (1) 24
29/52i52A079130 (1) 55/71 (1) 53/54 (2) TU42E (1)
9171 (1) 3A755/71 (1) 7 (1)
71 (1) 6/53/54183A (1)

79/3C/55/71/81 (1)

Total & 7 12 2 4

Table 3 ~ The properties of Staphylococcus aureus isolated from the skin lesions

of patients in Class A.

Phage Group colour’ P’nase® Lipo® EYd Hg® AB resistance!
I H O ID IV Mise NT®2 GY © W & = ¢ = + = 8 R 1 2 3 il

6 9 12 0 0 24 24 25 2 10 41 43 8 43 8 49 2 10 5 0 36

*untypable, a—GY go'den yellow , b—penicillinase, c— lipolysis, d— Egz yolk
C cream
W white

e— mercury resistance, f— antibiotic resistance to 1, 2, 3 or nil antibiotics
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Identity of the organisms. The incidence of B haemolytic streptococci and
S. aureus is shown in Table 1. The group and type distribution of the

streptococei are shown in Table 5 and 6 respectively. None of the patients had
more than one strain,

The properties of the staphylococe! are shown in Table 3 and are similar to
those of Class C, All the strains were positive for coagulase (slide and tube)
and DNase production. As in Class C, the commonest phage Group was IIL
The phage patterns of 51 strains are shown in Table 2.

The phage group distribution of S. aureus in Class A and C was similar
to that in a separate series of 110 strains of S gureus which were isolated
from skin lesions in this hospital, in which the distribution was as follows :~

Group number of strains
I 16
II 10
111 23
v 1
Misc 2
nontypable 58

The commonest phage types in order of frequency were 54 (Group 1D, 79
(Group 1) and 55/71 (Group 11). Class B. 18 patients with AGN had no
history of impetigenised scabies or other skin lesions and neo detectable skin
lesions on examination. 8 patients (449/) gave a history of sore throat with
an average latent period of 3.3 weeks. B- haemolytic streptococci type T 22 and
T 44 were isolated from the throat in only two patients (12%) respectively.
Throat cultures were negative for S.aureus, Class C. The incidence of
B haemolytic streptococci and  S. aureus in the skin lesions and in the
throat of the 55 patients is shown in Tuble 1.

Only 50 patients turned up for follow-up examination for the 6 week obser-
vation period. The five patients who were not followed up, kept in tcuch by
post and reported cure of their skin lesions and absence of clinical evidence of
AGN. Of the 50 patients who were followed up weckly, four (8%) showed
microscopic haematuria, with albuminuria but none of thess patients developed
the clinical picrure of overt AGN (Table 4).

The group and type distribution of the strains of B haemolytic streptococci
isolated from the skin lesions in patients of Class C are shown in Tables 5 and 6
respectively.

The properties of the strains of S, aureus isolated from the skin lesions of
these patients are shown in Table 7. Of the 55 patients, 35 had S. aureus in
their skin lesions, either alone or with 8 haemolytic streptococci. None had
more than one type of S.aureus. All thesc strains were coagulase positive
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Table 4 - The characteristics of patients of Class C who dsveloped urinary
sbnormalities after impetigenised scabies.

age duration of
{vears) scabies
{weeks)
2 2
11 4
14 ?

4th recurrent

18 attack

arca organism weelk of albuminuria ASOT
affecred in skin ot haemaruria

i

12 Stuph. cnreusl ND*

B hasmolyric 1 NL#*
5 streptococcus
T 9
3 nil 1 200
8 nil 1.2 710

! cresm coleured, phage untypsb'e, mercury sensitive, EY —,

* not determined

TPenicillin resistant

Table 5 - The Group distribution of strains of § haemolytic streptococcus

isolated from the skin and throat in patients with pyoderma end AGN (Class A),
the throat in patients with AGN without pyoderma (Class B) end from
patients with impetigenised scabies (Class C)

Lancefield

Class A

Class ©

Group skin throut throat skin throat
A 23 1 2 26 2
&5 1 0 ¢ 1 0
G 2 0 0 4 0
Total 16 1 2 31 z

Table 6 -~ The Typc distribution of Group A strains of § haemolytic sireptoc-

occi isolated from the skin and threat of patients with pyoderma and AGN
{Class A), the threat of patents with AGN without pyoderma (Class B)
and from patients with impetigenised scebies {Class C)

Broad range Type

Class A Class B Class C
classification of skin throat throzt skein throat
T Type
/L1227 /44 3 0 0 6 0
3/13/B3264 3 0 0 8 1
8f25/Imp 19 6 0 0 2 0
1473549 1 0 1 4 0
15/17{19/23/40/47 Q ¢ 0 1 0
4/24116{28/19146 1 0 0 1 0
M55 T25{lmp 19 2 0 0 1a 0
¥ 42 4 1 1 0 1b
T ¢ 1 4] 0 2 0
untypable 2 0 0 1 o
Total 23 1 2 26 2

a. the only struin typable by the M antigen
h. strain different from that isclated from the skin
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by the slide and tube tests and produced DNase, There was a total positive
correlation between the EY and lipolysis reactions: The phage patterns in each
group were as follows :-

Group 1 Group 11 Group 11 Miscellaneous
(numker of strains within parentheses)
79 (2} 55/71 (4) 54 (6) 187 (1}
29 (2) 53 (2)
80 (1) (83A 1
29119 (1)
79180 (1)
Total 7 4 9 i:

A minor outbrveal of AGN in a small hamlet.

The hamlet consisted of a closed community of three families which lived in
wattle and daub houses, adjacent to one another. The children were siblings
ot cousins and were in constant and intimate contact. The outbreak, occurred
during the rainy month of July. Four children were admitted to hospital
within two days for AGN and infected scabies. They had all received parenteral
penicillin from their rural hospital before admission. The remaining 5 children
had no symptoms of AGN but all hal impetigenised scabies. These five were
treated by us for their skin infection and were followed up weekly for 3 months.
None developed the urinary abnormalities or clinical evidence of AGN.

In the children with AGN, the ages ranged from 8 months to 10 years and
they had scabies for 1 to 13 months. No streptococci were isolated from their
skin lesions

In the contact children whose ages ranged from 7 months to 7 years, the
duration of scabies was from 1 to 2 months with a mean of 1-5 months., The
isolates of 8 haemolytic streptococci from these five contact children had the
following serotypes :-

case site T antigen Broad range Type classification
2 throat 5111/12/27 /44 SIU112{27 144
skin 12 5/11/12{22/44
2 skin 11/12 5/11/12{27/44
skin 12 5/11f12/27/44
3 skin 5/11{12{27{44 S{L1f12/27/44
1 skin 4 4/24/16{1R{29 /46
3 skin non - typable —_
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The strains of S. aureus isolated from the skin lesions in all the
children, nephritic and contact, were identical in all the properties tested-
golden yellow coloured, phage type 54 (Group III), positive reactions in the
following tests - DNase production, tube and slide coagulase production, egg
yolk opacity production, lipolysis, sensitivity to mercuric chloride and penicillin.

Table 7 - The properties of Staphylococcus aureus isolated from the impetige-
nised scabetic lesions of patients in Class C

Phage Group . colourd Pinaseb Lipo®© EYd Hg® antibictict

résistance
i = 111 Misc. NT* GY C W 4+ —- + — + — 8 R 1 2 3 ni
§ RS 9 1 15 Iz 27 % Ay 23 1§ W 2B F 9 34.17 18

*untypable, a-CY golden yellow, b— penicillinase, c- lipolysis, d- Egayolk

2 cream
W white
e~ mercury resistance, f—  antibiotic resistance to 1, 2, 3 ¢r nil antibiotics

Table 8 - ASOT in normal subjects and in patients with AGN with pyoderma
(Class A), patients with AGN without pyoderma (Class B), patients with
impetigenised scabies (Class C)

Subjects number ASOT
range mean mode
normal 176 50 — 1600 354a  + 342 170
233b  (inappropriate)
Class A 59 123 = 1680 7602 4+ 420 640
668b  (appropriate)
Clazs B 9 141 — 1600 799
Class C 14 200 — 1448 644

a arithmztic mzan, b Geometric mean, Davies’ test was used to assess the appropriateness of
either mean to the values in the two classes.

Antistreptolysin 'O’ titres.

Data concerning the ASOT in normal subjects and in patients with AGN
(with and without pyoderma) is shown in Table 8. The cumulative frequency
distribution of ASOT in normal subjects is shown in Figure 1.
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Figure 1. Cumulative percentage distributicn of ASO titres (TU)
in 176 normal persons

The mean titres in the normal subjects were significantly different from
those of Class A (p<: 0-001), of Class C (p<= 0:.05) and those of 9 patients
with ARF (p<= 0.001); the patients with ARF were hospitalised during this
period and their ASOT ranged from 640 to 1600 with a mean of 1112, The
mean ARF titre differed significantly (p<- 0-00I) from those of Class A and
Class C.

There was no significant difference between the titres of patients Class C
and those in either Class A or B. There was alto no significant difference
between the titres in patients with and without recoverable B haemolytic
streptococei from their skin lesions in Class A and in Class C.

4. Discussion
In temperate countries, the streptococcal infection which precedes AGN has
commonly been an upper respiratory tract infection.?® In warmer climates
however, the commonest antecedent infection has been streptococcal pyodermat®
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and recently, pyogenic infection of scabies was documented as a common
precedent of AGN in South Africa® and in Trinidad. # It was stated’ that
over half the children in the Red Lake epidemic of AGN in the Indian Reser-
vation of Minnesota were suspected of having had scabies. Allen' described
AGN which followed a # haemolytic streptococcal infection on scabetic lesions
in a patient in a temperate country in winter. Qur finding of the preponderance
of impetigenised scabies as the antecedent in AGN in Sri Lanka confirms these
observations. In addition, the broad parallelism between the incidence of
scabies and AGN in this district (Figure 2) is compatible with this relationship.
Hence the early treatment of scabies, which Hersch!4 recommended be classified
as a notifigble discase, may be a uscful step in reducing the incidence of AGN.

800 F
600 L
g
!
©°
5 400 |
Lk
g
=
z.
200 L
[ | i | -
Jan April July Oct
March June Sept Dec

Figure 2. Quarterly admissions for the treatment of Acute Glomeru-
lonephritis ( -@- ) and of Scabies ( -O- ) in the General Hospital,
Kandy, Sri Lanka: the numbers represent means of quarterly
admissions for the vears 1969 - 1972,
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The incidence rate of streptococcal pyoderma in the nephritics of Class
A is in contrast to the lower rate of development of urinary abnormalities
suggestive of AGN in patients who had similar skin lesions and a pattern of
streptococcal and staphylococcal colonisation, in the prospective series of Class C.
Other prospective studies too have recorded relatively low rates for the develop-
ment of urinary abnormalities. > & '8 2! Hersch't found evidence of AGN in 8%
of 100 outdoor patients who had scabies. Svartman and co-workers}? found
urinary abnormalities, haematuria and proteinuria, in 99/ of scabetics on follow
up. Several factors could account for this difference between prospective and
retrospective studies ;-

(i) thetreatment of the pyoderma before the patients were seen by us, and
the suppression of the streptococcal colonisation and hence the antistreptococcal
immune response. This was perhaps the case in those patients who did not
develop any urinary abnormalities although nephritogenic strains were isolated
from their skin lesions. It has been noted” that antibiotic treatment did not
prevent the AGN or reduce its severity, although it led to the elimination of
the streptococcus and reduced the antibody respense.t

(ii) The operation of host factors such as genetic or immunological
predisposition which may determine whether the renal lesion will supervene on
the streptococcal pyoderma. The findings of Lasch and co-workers® may also
be explained on the basis of host factors which might have increased the suscep-
tibility to AGN.

(iii) The presence of non-nephritogenic strains in the skin lesions of the
patients in Class C. The demonstration that the skin lesions may be colonised
successively by more than one serclogical type of streptococcus® %and the
replacement of a nephritogenic strain by a non-nephritogenic one may also be
another explanation. '

(iv) While it is claimed that approximately 3% of patients with
streptococcal infection develop or are likely to develop the primary bout of
ARF, glomerulonephritis hasa much lower and more erratic incidence.?
A higher incidence of AGN might be expected in closed communities where
not only may the nephritogenic strain be spread with greater ease but also
delayed treatment due to remoteness of the village and inaccessibility of medical
centres may result in the development of the renal lesion. A greater genetic
homogeneity within such populations with closely related individuals may also
contribute to a higher incidence of renal abnormalities. These factors were
probably operative in the minor outbreak of AGN in our hamlet, as in the
Indian Reservations of North America.

Latent period. The average latent period of clinically overt AGN following
streptococcal pyoderma is generally reported as being between 1-4 weeks.® The
modal latent period in our nephritics was 4 weeks, It is significant that
microscopic haematuria was observed within the first 2 weeks of pyoderma in
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4 patients of Class C. Raffel?® commented *patients who will subsequently
develop nephritis are likely to show some red cells in the urine during the
acute stage of the streptococcal infection”, It is however difficult to say whether
the microscopic haematuria would have progressed to overt AGN in the absence
of therapy or follow up. Renal tubular lesions have heen described asa reaction
to the S’ streptolysin of the 8 haemolytic streptococcus® including non-nephri-
togenic strains, and to S. aureus.” Hence in the absence of renal biopsy in
cases not showing clear clinical signs and symptoms of AGN, it is difficult to
attribute the haematuria to AGN.

Source of streptococci. It has been concluded from studies in other
countries” 1% 1! that respiratory colonisation with the same strain of streptococcus
as on the skin occurs subsequently to the skin infection. Isolation rates from
the pharynx have generally been lower than from the skin?“¥ It was out
observation too that isolation from the throat, of the same type of streptacoccus
as found on the skin was less frequent and occurred in only 2 out of 55 prospec-
tive patients and in one out of 85 retrospective patients

Extent of pyoderma. We found no correlation between the extent of the
pyoderma and the occurrence or length of the latent period of AGN although
Hersch!* found that the incidence of AGN was roughly related to the extent
and severity of the skin lesions. In some of our nephritics, only a few scabetic
lesions were found while in others extensive and long standing lesions were
followed by clinically overt AGN only after several months. Infection by non-
nephritogenic strains in some of these episodes may be one explanation. Other
patients may have been inadequately treated for scabies. Kaumheimer quoted
by Futcher!? observzd that there was no correlation between the severity of the
impetigo and the character of the subsequent nephritis. No relation was found
between the duration of the scabies and the presence of albuminuria.'4
Markowitz et al?! also found that the duration and severity of the skin infection
did not differ in the nephritics in comparison with patients without urinary
abnormalities.

Streptococcal serotypes in  pyoderma. The relative isolation rates of the
different Groups of § haemolytic streptococcus were similar among the Classes
A and C. Broad range types 8/25{Imp 19 and Type 22 in Class A and Types
5/11/12/27/44 and 3/13/B 3264 in Class C were the commonest. Types 8/25/Imp
19, 3/13/B 3264 and 5/27/44 were also described®'® as common serotypes isolated
from streptococcal impetigo with:AGN.

Two out of 22 strains from the skin lesions of nephritics in Class A and
one out of 33 strains from patients with pyoderma (Class C)} were of M Type
55. Rotta (1970, personal communication) referred to this type as having also
been recognised as a new type in other tropical countries. M Type 55/T8/25/
Imp 19 has also been isolated from cases of AGN in Trinidad®® ¥ and in Israel.?
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Most of our pyoderma strains were untypable by the M antigen, an
experience previously recorded. ® '8 21:3¢ The pattern of streptococcal serotypes
isolated from our cases as pyoderma conformed to the impetigo serotypes
described by other workers 2 5 €186 1825 aspecially in our finding that common
isolates were of the serotypes 8/25/Imp 19,, 3/13/B 3264 and 5/27/44. The Red
Lake serotype M49 was however absent amongst our isolates from cases of AGN.

Staphylococeus  aureus. The pattern of staphylococcal isolates from the
skin lesions however differed from those reported by other workers.® "%
Phage type 71 (Group 1) which they found to be the commonest type in
impetigo, occurred in only 5/51 of our Class A and 4/21 Class C strains, In
both Class A and Class C of our series gave phage Group lII and I as the
predominant groups with phage type 54 (Group IIl) as the commonest type;
phage type 54 was also the commonest type which we recovered in a separate
study of 110 strains (unpublished data) from skin infections. Group I1II strains
were also found to be the commonest in pyoderma in American Indian

children.’

S. aureus was isolated more frequently than £ haemolytic streptococci
from the skin lesions in both prospective and retrospective patients in our series,
an experience also reported by other workers.” ' The latter authors suggested
from ASQ titres in skin infections, that streptococci may be more frequently
associated with pyogenic skin infections than isolation rates would suggest and
that staphylococcal infection is perhaps secondary. Thefinding that S. awreus
phage type 71, a common impetigo type, inhibits the growth of £ haemolytic
streptococci® may explain the failure to recover the streptococcus from mixed
infections.

The pathology of the renal lesions following staphylococcal septicaemia
has been described in detail;?® lesions similar to those of post-streptococcal AGN
such as exudation and glomerular proliferation, were seen, Diffuse glomerular
lesions indistinguishable from those of post-streptococcal AGN have been des-
cribed.?? The characteristics of the staphylococcal strains in Powell’s study®
were not described. In our series, the strains of S. aureus isolated from the
nephritics of Class A did not fall into any well defined group in terms of
biochemical properties, phage types or antibiotic sensitivity patterns. This finding
is in contrast to the occurrence of special nephritogenic types of the /3 haemoly-
tic streptococcus,  Our finding, with regard to the isolation and serotypes of the
B haemolytic streptococcus which are similar to those reported by other workers,
supports the pathogenic role of certain strains in the development of AGN.
However the absence of any clear pattern of properties, at least among those
tested, of the isolates of S. awreus from the nephritics, would suggest the
absence of particular ‘nephritogenic’ strains of this species.

The fact that the strains of S. aureus isolated from the minor outbreak
were identical not only in phage type but also in all the other properties tested,
reflects the ease of spread of a single strain within this community in which the
individuals were in close contact.
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Epidemic AGN. Widespread cpidemics have been reported from the USAT,
in the Red Lake Indian reservation and from Trinidad.  «Whether the nephri-
tis follows skin sepsis or infection of the respiratory tract, it tends to
appear in epidemics because only some strains of Group A streptococcus are
nephritogenic”.? It is possible that the strain type 5/11/12/27/44 also spread to
all the patients in our hamlet, as did the strain of S. aureus but the isolation
of the streptoceccus from the skin lesions of the nephritic children was probably
prevented by the penicillin treatment which these patients received before they
were examined by us. This type was present in the nephritics of Class A as
well and was also isolated by Dillon!® from skin lesions in patients with AGN.
As stated above, the occurrence of outbreaks of AGN in closed communities
such as our hamlet and in the Indian rescrvations of North America may be
contributed to by host factors such as genetic homogeneity as well as by close
contact of the individuals

Apart from this outbreak, we have not encountered cpidemics of AGN
in this country. However we do have seasonal increases in the incidence of
sporadic ceses.  The infrequency of epidemics is perhaps also reflected in the
multiplicity of serotypes of the streptococci in our cases.

Antistrepiolysin titres. Gunatillake and Perera, 1’ from a study of normal children
under 12 years living in a semi-urban area in Sri Lanka reported that the
areatest number of children showed titres between 100 and 166 TU. Our finding
ofa mode of approximately 150 TU in this age group agrees with their figure.
They found that 29.5% of their children under 12 years had titres of over 166
although in our series for the same age group, 56% had titres over 150 TU.
A passible explanation for this higher value could be that our study population
wes of a lower socio-economic status with more overcrowding in their living
conditions and a higher incidence or severity of streptococcal infections.
Variations of ASOT tend to occur with age, geographic location, the frequency
of streptococcal infections, within a given location and with population groups.

The upper level for the normal population in the US (80 of subjects
having titres at this level or lower) was 333 for the 5-12 year group and 200
for the young adults.3? Koshi and Mammen!? reported an upper level of 333 for
normal children between 6-15 years in South India, while Markowitz and co-
workers?! considered a level of 250 for this age group in the USA,

The ASO titres in our nephritics with pyoderma showed lower values than
did the patients with ARF, as has been reported from other countries.

Acknowledgements

The authors gratefully acknowledge the assistance in this study of Dr., Jiri Rotta
(International Reference Centre for Streptococcus typing, Prague, Czechoslova-
kia) who serotyped the streptococci, of Dr. Yvette Hermon and Mr. K,
Kuganesan, (Virus Laboratory, Colombo South Hospital, Sri Lanka) who
phage typed the staphylococci and of the staff of the Paediatric wards of the
General Hospital, Kandy, Sri Lanka,

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


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

54 S. N. Arseculeratne, N, Charavanapavan C, Navaratnam & D. A. Gunawardene

References

Mo GE =1 @ M e g T e

—
| R o

12
13
14
15
16
17

18
19
20

21

22
23
24

25

16

27

18
29

30

31
32

33
34

ALLEN, B. R. (1972) Lancet, 1: 434

ANONYMOUS (1968) Brit. med. J., 3: 264

ANONYMOUS (1968) Lancet, 1: 575

ANONYMQUS (1974) Lancet, 2: 390

ANTHONY, B. E., PERLMAN, L. V, & WANNAMAKER, L, W. (1967) Pediatrics, 39: 263
BARROW, G. L. (1955) J. Hyg.Camh., 53: 495

BLUMBERG, R. W. & FELDMAN, D. B, (1962) J. Pediat.,, 60: 677

DAJANI, A. S, & WANNAMAKER, L. W. (1971) J. exp. Med., 134: 588

DILLON, H. C. Jr., MOODY, M. D, & MAXTED, W. R, (1966) } .Pediat., 69: 982
DILLON, H. C. Jr. (1967) Ann. Rev, Med,, 18: 207

FERRIERI, P., DAJANI, A. 8., CHAPMAN, S, S,, JENSEN, ]. B. & WANNAMAKER, L.
W. (1970) New Engl. J. Med ., 283: 832

FUTCHER, P. H. (1940) Arch. int. Med., 65: 1192

GUNATILLAKE, P. D. P. & PERERA, T. D. S. (1970) J. Hyg. Camb., 65: 13
HERSCH, C. (1967) S. Afr. med. 1., 41: 29

HOLT, R, ]. & STEWART, G. J. (1963) T. clin. Path., 16; 263

JOHNSON, JENNIFER C. & STOLLERMAN, G. H. (1969) Ann. Rev. Med., 20: 315

KOSHI, GRACE, MAMMEN, K. C., FELDMAN, D. B,, BHAKTHAVIZIAM, C. & MYERE,
RUTH M., (1967) Ind. J. med. Res., 553: 920

KOSHI, GRACE, WEBB, ]. K. G. & MYERS, RUTH M. (1968) Ind. J. med. Res., 56: 951
KOSHI, GRACE, & MAMMEN, K. C. (1969) Ind. J. med. Res,, 57T: 1347

LASCH, ELI E., FRANKEL, V., VARDY P A. BERGNER RABINOWITZ, S., OFEK, 1. &
RABINOWITZ, K. (1971) Lancet, 1: 415

MARKOWITZ, M., BRUTON, H. D., KUTTNER, A. G. & CLUFF, L. E. (1965) Pediatrics,
35: 393

MOORE, B. (1960) Lancet, 2: 453

NYDAHL, B. L. & HALL, W. A, (1965) Ann. int. Med., 63: 27

OSBORNE, C. A., HAMMER, R.F., STEVENS,]. B,, RESNICK,]. 8. & MICHAEL,
AL L (1977) Adw, in eet, Sci. comp. Med., 21: 207

PA%E(SER, M. T., TOMLINSON, A.]. H. & . WILLIAMS, R, E. O. (1953) J. Hyg. Camb.,
53:

PARKER, M. T., BASSETT, D. C. ]., MAXTED, W. R. & ARNEAUD, ]. D. (1968) J. Hyg.
Camb., 66: 657

POTTER, ELIZABETH V., MORAN. A, F., POON KING T.& EARLE, D.P, (1968)
I, lab, clin, Med,, 71: 126

POWELL, D. B. (1961) J. Path. Bact., 82: 141

EA};FEL.S. (1961) Immunity, 366, 567 p. Ind Ed. New York: Appleton, Century &
_rofts.

RAMMELKAMP, C. H. Jr., WEAVER, R. 8, & DINGLE, ], R. (1952) Trans, Assoc. Amer,
Phys., 21: 598

ROTTA, JIRI (1970) Personal communication

SVARTMAN, M., POTTER, E, V., FINKLEA, ]. F.,, POON KING, T.& EARLE,D. P,
(1972) Lancet, 1: 249

UNANUE, E. R. & DIXON, F. 1. (1967) Adv, in Immunol., 6: 1
WANNAMAKER, L. W, & AYOUB, E. M. (1960} Circulation., 21: 598

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. Nata. Sz, Coun. Sri Lanka 1981 9 (1) :

Preliminary Laboratory Studies on Eppawela Apatite

]. AMARASEKERA, R. SOORIYAKUMARAN AND M. G. M. U. ISMAIL
Ceylon Institute of Scientific and Industiial Resecvch (CISIR), P O. Box 787, Colombo 7, Sri Lanka
(Date of receipt : 18 August 1980)

{Date of acceptance . 23 January 1g81)

1. Introduction

Eppawcla apatite deposit was discovered during systematic geological mapping of
the Anuradhapura area in North Central Province of Sri Lanka by the Geologi-
cal Survey Department in 1971. This deposit spread around an area of 3 sq
miles, but was most predominantly concentrated in an area of 576 acres in the
northern region of the deposit and most of the investigations have been carried
out in this region

This is a firm reserve of 25 million tons of apatite having P,O, content of 30%
to 35%. The inferred reserve for the entire deposit is around 40 million tons and
it is estimated to be about 30 million tons of 90% apatite material, and it will
last for 500 years at present demand rate.

Eppawela rock phosphate by itself can only be used as a fertilizer for long
tetm crops. It cannot be directly applied to short term crops since it
teleases phosphate very slowly. For short term crops superphosphate is
used. It is projected that in 1980 the country will require 50,000 tons of
concentrated supsrphosphate and 46,000 tons of rock phosphates.®

Chemical analysis of Eppawela apatite deposit was carried out by both local
and foreign institutions, and it is given in Table 1.

Table 1 — Chemical Analysis of Eppawela Apatite (From ref. 4)

percentage by weight

Cal — 55.30

P05 —_ 40-75
Sr0 — 1-18
5i0; — 0-14
Fe,;0; —_ 0.07
Mnl - 0.01
Mg0 e 0:01
F — 1.78
Cl — 2.29
101.53

Leass
Q, F, Cl — 1.27
10016
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Though the P,O; content of Eppawela apatite is higher than that of imported
superphosphate to Sri Lanka (Table 2), the citric solubility is low when com-
pared to other types of phosphates (Table 3).

Table 2 — Comparison of major constituents between Eppawela Apatite and
imported superphosphate

Constituent Eppawela Apatite Imported Super-
Yo (by wt) Fhosphate %, (by wt)

Si0; 0-1 — 0.5 50 — 6.0
P05 0 — 35.0 18:0 —. 29.0
Fe,03 1 — 4 , S
Cal 5 - &5 47
Cl 3.0 3.0
F 1.7 — 2.4 2.8

Table 3 -~ Comparison of citric acid soluble P, O, in Eppawela Apatite and
other fertilizers

Fertilizer Marterial Citric Acid Solukility % P:0s
Eppawela Apatite 1.0 — 3.0
Imported rock phosphate 3-4
Imported super phosphate 2.0
Rhenania phosphate 18.9

Thus, although the citric acid solubility which is used as an index of the
effectiveness of rock phosphate to the soil of the local material is about 50%
less than imported phosphate, it is not suitable to use as a direct fertilizer.
Further a report from Tennessee Valley authority® states that the Eppawela
apatite is not recommended for direct application and is not considered suita-
ble for superphosphate manufacture unless beneficiated. Hence research work
had been carried out in Sri Lanka on beneficiation of Eppawela apatite.l: 5 8

Since Eppawela apatite contains an appreciable amount of Cl (as well as F),
it can cause corrosion in wet process beneficiation. Besides, sulphuric acid has
to be imported for use in the manufacture of superphosphate fertilizer. There-
fore the beneficiation method, that is most suitable for Sri Lanka would be a
dry process.

To achieve this goal the Mineral Technology Section of the Ceylon Institute
of Scientific and Industrial Research had carried out a series of laboratory
experiments on Eppawela Apatite to produce an effective fertilizer by using
locally available materials as far as possible, in a dry process.

Calcination experiments were carried out at high temperatures with local
minerals such as quartz, dolomite, feldspar, normal salt and with alkali salts
like soda ash, hydrated lime, sodium hydroxide and also with paddy hull ash.
It was found that beneficiation with soda _ash gave a product having about
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27-00% to 30-00% of P,O, in citric acid soluble foim. Hence this product
which is actually a thermophosphate can be used for short term crops of Sri
Lanka instead of imported phosphate fertilizers by saving valuable foreign
exchange which our country needs for other development work., Field trials
are presently being cartied out to evaluate the effectiveness of this preduct as a
fertilizer.

The main differences between this product and Rhenania type!? fertilizer
which is made out of apatite, soda ash and silica are the method of preparation
and temperature of calcination. This product is made by calcining apatite with
soda ash alone at a low temperature of 1150°C than that of Rhenania phosphate
(1300°C to 1400°C). Also, this has higher citric acid solubility than Rhenania
phosphate.

2. Experimental

In all the experiments, the powdered samples brought from the factory at
Eppawela were used. Treatments were carried out in platinum crucibles with
duplicates in temperaturc controlled clectric furnaces. Treated samples were
quenched in air rapidly by immersing the crucible in a water surface. . In some
fusions that were carried out to find the quenching effect, experiments with
sodium carbonate, quenching was done in water by immersing rapidly the plati-
num crucible with hot sample in water. Calcination studies of samples were
carried out by using weight ratios of apatite and material at a given condition
as given in respective tables. Fach sample was analysed for its 2% citric acid
solubility according to official methods of analysis A O A C? P,O. content
was determined by a spectrophotometric method using ammonium vandate
reagent.’  DTA analysis of raw apatite was done by using “Spektromom 192 A"
derivatograph and X-ray analysis of samples were done by using “JEOL JDX-85"
X-ray powder diffractometer.

Initially a preliminary analysis was carried out on apatite rock by DTA,
X-ray diffractometer and chemically, Later fusions were carried out at high
temperatures (above 1000°C) with locally available minerals and alkali salts.

Cell dimensions of sodium carbonate fused apatite samples were determined
from X-ray powder diffraction patterns, taken using Cu target under following
conditions, scanning 3°/min, sollar slit 1° divergence slitl® receiving slit 0-4
mm, time constant 2sec, For this purpose peaks due to (211) and (300)
planes of samples were taken.

3. Results and Discussion
3.1 Preliminary Investigation
3-1-1  Chemical Analysis
Chemical analysis showed the powdered rock sample which was used for
these experiments has 34.007] of total P,O, out of which only 9.70%; is in
citric acid soluble form (citric acid soluble P,O, 3.30%).
3+1+2 X-ray Analysis
X-ray analysis showed Eppawela apatite is mainly in the fluorapatite form with
small amounts of chlorapatite, hydroxyapatite,” = quartz, goethite (Fig 1 (A).
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Figure 1 XRD patterns of Row Apatite and Calcined Apatite samples with
Ma,CO, in the ratio 100: 20 for 3-0 hrs duration.
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Apart from the peaks of the above mentioned constituents, several other
shifted apatite peaks were observed. These may be due to ‘frankolite
(Ca,(PO, CO, OH); F) a polymorph of fluor-chlor and hydroxy-apatite. A firm
conclusion cannot be achieved due to the unavailability of X-ray data of fran-
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Figure 2 - DTA of Apatite
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kolite. By taking X-ray peaksd =2.828 A°(211) and d=2.704 A°(3C0),
lattice constants of Eppawela apatite was calculated and found to be a=9.4572 A“
and b =.6.6786 A",

3 T3 Differemial Thermal Analysis
Differential thermal analysis of apatite upto 1000 C dld not ehcm (ny apparent
peaks (Figure 2). ; A M

This indicates that there is ro chemical or physical changes taking place
during heat treatment upto 1000°C. Therefore any changes in solubility cannot
be expected below 1000°C.

3.2 Calcination of Apatite

The results of héat treatment of apatite alone above 1000°C is given in Tzble 4

Table 4 - Effect of heat treatment on citric acid solubility of Apatite

: Treatment duration citric "i.fd
Temperature {3C) {hrs) solubility®] PzC‘a
Room Temperature — 3.33

1000 030 3.35
1100 0.50 3.40
1200 0.-50 3.£0
1000 10 3.40
1op 1.0 3.52
1200 10 375

These results shows clearly that the heat treatment alone will not increase
solubility in citric acid considerably by changing the temperature or duration of
treatment of apatite.

3.3 Calcination with some locally available minerals

Calcinations at high temperatures were carried out randomly with the following
powdered minerals; (a) Dolomite (b) Feldspar (¢) Kaolinite (d) Normal
Salt (e) Quartz. Results obtained are given in Table 5.

The above results reveals that minerals like Kaolin, Dolomite, Feldspar,
Common Salt or combination of these cannot be used for successful beneficiation
of apatite even at temperatute% 1100°C, since the conversion of PO, for citric
soluble form is only about 17% to 19%.

It was also observed that quartz-gave a 30% conversion on rock apatite when
calcined at 1100°C. Hence further studies were carried out by using gquartz as a
mineralizer.
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3.4 Calcination with Quartz and Paddy hull Ash

The results obtained by calcination of apatite samples with quartz at different
temperatures and for different time duration are given in Table 6; 7 and 8.
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Table 6 - Effect of temperature of treatment on citric acid solubility of
Apatite when calcined with constant amount of quartz for constant time
duration

RATIO Citric acid % Conversion of

R SOy T ] L () Duration solubility P205 to citric
Apatite Quattz °C {hrs) % Paly acid soluble form
100 10 1000 2-00 8.00 13.52
100 10 1100 .00 1040 30.58
100 10 1150 2.00 11.40 33.52
100 10 1200 1.00 11.50 33.82

Table 7 - Effect of duration of treatment on citric acid solubility of Apatite
when calcined with constant amount of quartz at constant temperature,

RATIO Citric acid % Conversion of
y Temp. Duration solubility 205 to citric
Apattte Quartz o (hrs) % P20s acid scluble form
100 10 1150 2.00 11-40 33.52
100 10 1150 2.50 12.00 35-29
100 10 1150 3.00 12.10 35.58

Table 8 — Effect of amount of quartz used on citric acid sclubility of Apatite
when calcined at constant temperature for constant time duration.

RATIO Citric acid % Conversion of
Ternp. Duration solubility P05 to citric
Apatite Quartz o (hrs) % P05 acid soluble form
100 0 1150 2.50 380 11-17
100 10 1150 2+50 12-00 35.29
100 20 . 1150 2.50 11:40 33-52
1Q0 30 1150 250 9.50 27-94

The above results show that by increasing temperature of treatment, about
35% of conversion can be obtained. Increasing of quartz percentage in treatments
shows a lowering of citrlc acid soluble P,O, percentage. Also it shows that
about 2 to 3 hrs. treatment (Table 7) is sufficient for complete reaction to take
place, between quartz and apatite.
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Further experiments were carried out by using paddy hull ash obtained by

burning paddy hull at 650°C,
in the amorphous state.

This paddy hull ash contains about 959 silica

The results obtained are given in Table 9, 10 and 11.

Table 9 - Effect of temperature of treatment on citric acid solubility of

Apatite when calcined with constant amount of paddy kull ash for constant

time duration

citric acid

RATIO % Conversion. of
e Temp. Duration solubility P,0s5 to citric

Apatite FHA LR {hrs) % Pa0s acid so'uble form
100 30 1000 2.00 650 19.11
100 30 1100 2.00 §-00 23.52
100 30 1200 2.00 10.00 29.41
100 10 1000 2.00 1050 30.88
100 - 10 1100 2:00 11.00 31.33
100 10 1150 2.00 11.50 33.82
100 10 1200 2.00 11-60 34.11

Table 10 — Effect of duration of treatment on citric acid solubility of Apatite
when calcined with constant amount of Paddy hull Ash at 1150°C

RATIO Citric acid % Conversion of
B — Tem:p. Duration solubility P;05 to citric
Apatite PHA a2 {hrs) % P, acid soluble form
100 10 1150 2.0 10.50 30-88
100 10 1150 2.5 12.00 35.29
100 10 1150 3.0 12.20 35.88

Table 11 - Effect of Apatite: Paddy hull Ash ratio used for calcination on

citric acid solubility

RATIO
Apatite PHA
100 10
100 20
100 30
100 10
100 30
100 50
100 60
100 100

Citric acid

% Conversion of

Temp. Duration solubility P;0s ta citric
8C (hrs) % Pl acid soluble form
1150 2.50 12.00 35.29
1150 2.50 11.40 33.52
1150 2-50 10.50 30.94
1100 2.0 11.00 32.35
1100 2.0 8.00 23.52
1100 2.0 8.00 23.52
1100 2.0 92.00 26-47
1100 2.0 8.00 23.52
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From the above results obtained on calcination experiments of apatite with
quartz and PHA, effect of temperature of treatment, effect of duration of
treatment and effect of ratio of constituents used for treatments are plotted
(in Figures 3, 4 and 5) and variation of citric acid solubility is clearly seen.

From these results it is clear that:

a) By increasing the temperature and duration of treatment or by varying
the amount of apatite to material used the highest possible citric soluble
P,0.9, that can be obtained is12-0%, irrespective of silica material used
(whether quartz or paddy hull ash). That is percentage conversion of

o

P,O; in rock apatite is 35.29%.

A - APATITE:ONLY FOR O.5 Hrs.
B - APATITE ONLY FOR |.0 Hrs

b C - APATITE:QUARTZ- I00:I0 FOR 2,0 Hrs. F

D - APATITE: P.H.A. = 100:10 FOR 2,0 Hrs.
E . APATITE: quC% :QUARTZ:IOO530120 FOR2
F - APATITE : NGZC% = 100:20 FOR 3,0 Hrs.

75

50

Ao

25

/o CONVERSION OF F;OsIN ROCK TO CITRIC SOLUBLE FORM

1 1 1
900 1000 100 1200 1300

TEMPERATURE (¢}

Figurc 3 — Effect of temperature on percentage conversion of PO, in
Aratite to Citric Acid soluble form when calcined with different mineralizers.
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b) To attain complete reaction between Paddy hull Ash or Quartz with

apatite at high temperatures 2 -50 to 3.00 hrs is sufficient (Figure 4).

¢) From Table 8 (and Figure 5) it is clear that

soluble P,O.%.

d) According to Figure 3 it is clear that we could not
citric soluble P,O; 9 than the maximum value obtained (12.007%), by

increasing temperature of treatment above 1200°C.

there is an optimum
apatite : Paddy hull Ash or quartz ratio that gives the highest citric

expect a higher

A _ APATITE . P.H.A. - 16010

Tole] 8
B . APATITE . QUARTZ - 10010
5 C -APATITE : NaoH . QUARTZ . 100 2010
@
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Figure 4 — Effect of duration of calcination on percentage conversion of

P,0, in Apatite to Citric Acid soluble form when calcined with different

mineralizers,
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cO -
L]

A . APATITE QUARTZ AT i150¢c FOR 2,5 Hrs.

B - APATITE:P.H.A, AT HSO-C FOR 2,5 Hrs.

C - APATITE ‘Na,Cog AT 1150 ¢ FOR 3,0Hrs.

B

/. CONVERSION OF BCOIN ROCK 1O CITRIC SQLUBLE FORM

L 1 | 1 L 1

100: 20 10040 1060

APATITE TO MATERIAL RATIQ

Figure 5 — Effect of mireralizer ratio used in calcinaticn on percentage
conversion of P,0, in Apatite to Citric Acid soluble form.,

Further experiments were carried out with quartz and other materials such
as alkali salts to find out whether those substances would act as better minera-
lizer on calcination with quartz.

3.5 Calcination with alkali compounds

Calcinations were ﬁarried out with apatite and quartz  along with NaOH,
Ca(OH}, and Na, CO,. Following are the results obtained: Table 12, 13, 14
and 15.
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Table 12 ~ Effect of NaOH on apatite : quartz calcination Effect of Duration
of treatment on citric acid soluble P,0.%

RATIO Citric acid % Conversion of
& - Temp. Duration solubility P.05 to citric
Apatite Quartz NaQOH oF (hrs) P2 05 acid soluble form
100 10 20 1000 0-50 3.40 10.00
100 10 20 1000 1.00 10.40 30.58
100 10 20 1000 2.00 13.40 39.41

Table 13 — Effect of amount of Ca(OH), used in calcination of Apatite :
Quartz on citric solubility

RATIO Citric acid ¢’ Conversion of
Temp. Duration solubility F.05 to citric
Apatite Ca (OH); Quarrtz og (hrs) % Pals acid soluble form
100 30 10 1000 2.00 3.50 10.29
100 30 20 1000 2.00 4 00 11.76
100 50 20 1100 2.00 4.00 11.76

Table 14 - Effect of temperature on citric solubility of Apatite when calcined
with Na,CO, and quartz

RATIO Citric acid 9%, Conversion of
Temp, Duraticn solubility Py 05 to citric
Apatite  Quartz  Nap; Cl oC (hrs) % BP0y acid soluble form
100 20 30 1000 2.00 9.00 26.47
100 20 30 1100 2.00 12.00 35.29
100 20 30 1200 200 15.70 46.17

Table 15 ~ Effect of duration of treatment on citric solubility of apatite
when calcined at 1150°C with Na,CO, and quartz

RATIO Citric acid %, Conversion of
Temp. Duration solubility Py 05 to citric
Apatite Quartz  Nay C03 aC {hrs) % P; 05 acid soluble form
100 10 20 1150 2.00 12.00 35.29
100 10 20 1150 2.50 15.50 45.58
100 10 20 1150 3.00 17.00 50.00
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From these results it is evident that NaOH and Na, CO, has a better effect
on apatite than Ca (OH), in rendering it to more citric soluble form. By
increasing duration of treatment it is clear that NaOH and Na,CO, would
give high citric soluble P,O, content (Figute 4).

But in Sri Lanka since the price of NaOH is high, the usec of NaOH is not
economical. Hence further experiments were carried out using Na,CO asa
mineralizer.

3.6 Calcination with Na,CO,

Table 14 and Figure 3 show that when temperature is increased by keeping
Apatite : Na, CO; : Quartz ratio constant, citric acid soluble P, O, % is also
increasing, Table 15 and Figure 4 show that reaction comes to near comple-
tion when sample is heated for 3 hrs,

The product obtained by this calcination may be of rhenania type PO, 12
Hence the possible reaction is

Ca, (PO,), F+ 2 Na,CO; + SiO;——>3 Ca NaPO,+ Ca,SiO, + 2 CO,+ NaF

By this way P, O, in Eppawela Apatite can be converted to 50 % citric solu-
ble form and can be used as a fertilizer.

Further calcination studies were carried out with Na, CO, alone to find ou
the influence of Na, CO, and quartz separately on apatite. The results obtained
ate as follows {Table 16.).

Table 16 — Effect of duration of treatment on citric acid solubility when
apatite is calcined with Na,CO; at 1150°C

RATIO . Citric acid e Con;;rcrsion of
Temp. Duration solubility P7 Oy to citric

Apatite Na;COs 9@ (hrs) % P2 Os acid soluble form
100 20 1150 1.00 19.50 57:35
100 20 1150 2.50 21:25 63.23
100 20 1150 3.00 23.00 6764
100 15 1150 2.00 22.00 64-70
100 15 1150 3.00 26.00 76.47
100 15 1150 4.00 2760 8117

By comparing results of Table 16 and 15, it is clear that Na, CO, alone has
a better effect on apatite than No,CO, and quartz in beneficiation. Also it
shows that 81% of P, O, in apatite can make citric soluble by this type of
calcinations.
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Further experiments were carried out by varying the temperature of treat-
ment by keeping the molecular ratio and duration of treatment constant
{Table 17) and also varying the Apatite : Na, CO, ratio by keeping temperature
and duration of treatment constant (Table 18). Results were as follows:

Table 17 - Effect of Temperature of treatment on citric acid solubility of
apatite by keeping the material ratio and duration of treatment constant

RATIO Citric acid % Conversion of

= —  Temp. Duration solubility Pz Os to citric
Apatite Na; CO3 °oC (hrs) % P O acid soluble form
100 20 00 3.00 12-41 36-50
100 20 1000 3.00 14.31 42.08
100 20 1100 3.00 16-46 48-41
100 20 1150 3.00 2300 67-64
100 20 1200 3.00 17.35 80-44
100 20 1300 3.00 32.78 96.41

Table 18 — Effect of Apatite: Na, CO, ratio on citric acid solubility by calcining
at 1150 °C for 3.0 hrs

RATIO Citric acid % Conversion of

Temp. Duration solubility P; O to citric

Apatite Na; CO;5 oC (hrs) % Py Os acid soluble form
100 15 1150 3.00 16.46 36-50
100 20 1150 3.00 23-00 67-64
100 15 1150 3-00 26.00 7647
100 30 1150 3.00 17-20 80.00
100 35 1150 3.00 16-46 11-87
100 40 1150 3.00 25-77 73-79
100 45 1150 3-00 15.08 73:.76
100 50 1150 3.00 22-17 6676
100 100 1150 3.00 17-15 50.44

The variation of citric acid solubility of Eppawela apatite, when calcined
with Na, CO , can be clearly seen in Figures 3, 4 and 5. From X-ray powder
analysis studies of these products (Figure 1} and results that had been obtained
tollowing conclusions can be achieved.
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Increase of temperature of treatment will increase the citric soluble
P, O % considerably when Apatite to Na, CO, ratio was kept constant
(Figure 3). X-ray studies (Figure 1) showed the formation of various
sodium calcium phosphates® (Table 19).

Table 19 - Various phases present in calcined product of apatite with
Na,CO, at different temperatures by keeping apatite: Na,CO, - 100 : 20 and
for duration of 3 hrs-

Phases present in the

Tem%%'aturc Phases present in the product di::gii?:gafi?rl"/ﬂ
. citric acid
Na3Cagq (PO4)5
900 (ie. 2-4 CaO. 0.6 Na; 0. P;05) Fluorapatite
Fluorapatite (unreacted)

Na3Cag (PO)s+ O ~Na Ca POy :
1000 (2 Cal. Na;OA P,05 ) Fluorapatite

y Na3Cag (PO4)5+ € —Na Ca FOy4 :

100 s - Fl

1 i ,8 = N POy uorapatite
1150 — do — Fluorapatite
1200 f —Na Ca POy Fé‘c-li?artaoli'igc;;
1300 B ~NaCa PO, Fluorapatite

(distorted)

This means that,

i.

if.

At lower temperatures low Na,O / CaO phosphates are formed by reacting
with lesser amount of Na,O from Na, CO,,

At higher temperatures high Na,O j CaO phosphates are formed with
higher amount of Na,O from Na, CO,,

All these phosphates are in citric soluble form. Pure fluorapatite found in

the residue may be from unreacted rock and this amount decreased with
increasing temperature,

b)

)

Increase in duration of treatment will increase the citric acid solubility
considerably unti! it reaches a treatment duration of 3 - 4 hours, Hence
reaction with Na, CO, is complete only after 3 hrs. (Figure 4)

Highest citric acid soluble P, O, % can be obtained by using 30 - 40 parts
of Na, CO, to that of 100 parts of Apatite (by weight) on calcinations at
1150°C. This is clearly shown in Figure 5. Increase or decrease of
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Na, CO, ratlo at 1150°C lower the citric soluble P, O; percentage in tha
final preduct. X-ray studies of the products obtained (Figure 6) showed
the presence of various sodium calcium phosphates (eg. NaCaPO,,
Nz, Ca, (PO, etc.). The residue obtained after dissolving in 2%, citric
acid contained only pure fluorapatite (Figure 7 (A)), if Na, CO;,
ratio is less than 30 - 35 to 100 parts by weight of apatite.

APATITE © Na Co, ratic ALIQOLIS B_100.20 € 10030
010040 E 100 45 FoiQ0. 50

20 3G 40 5C 6C
2¢
Figure 6 — XRD patterns of products obtained when apatite is calcined at

1150°C for 3.0 hrs with varying amounts of Na, CO,.
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A_RESIVE OF SAMPLES WHEN APATITE! N02C03PAT10 15 BELOW 100:35
B.RESIDUE OF SAMPLES WHEN APATITE © Naz(;osRATIO IS ABOVE 100:35

-4

A

| U =, l|_| ]I|ll .

60
20°

Figure 7 — XRD patterns of residue obtained after dissolving the Na, C0, +
Apatite calcined samples in 2% citric acid.

This means that at low Na, CO, ratios, Na,0 from Na, CO, is reacting
exclusively first with chlorapatite and then with fluorapatite of the rock to
form Na Ca PO, or other related phosphate which is soluble in 2%, citric acid.
(Also X - ray patterns do not show the presence of unreacted Na, CO, ot
Na, O). Thiscan be clearly seen by calculating percentage P, O, and percen-
tage CaO reacted to form the citric soluble compound with percentage Na, O
from added Na,CO,. (Table 20) (Calculations were done by considering
Eppawela apatite has 50% CaO and 347; total P,O.. With each sample percen-
tage CaO that was reacted to give citric soluble compound was calculated from
its citric soluble P, O,% and Na, O% was calculated by considering that all
Na,CO, was reacting with apatite to give a citric soluble product).

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/

Preliminary Laboratory Studies on Eppawela Apatite 73

Table 20 — Ratio of CaO: Na,O: P,O, in the citric acid soluble product that
had formed with low Na,CO, ratios at 1150 °C for 3 hrs duration.

Reacting Materials Weight Ratio
= Citric soluble s e =
Apatite  Na;COs P05 Ca0 Na;O P05
100 15 16-46 1.47 - 530 1
100 20 2300 1-47 0.50 1
100 15 26-00 1.47 0-56 1
100 30 27.20 1-47 0.594 1

From Table 20 it is clear that until Apatite : Na, CO; ratio is 100 : 30, the
CaO : Na, O : P, O, ratio of citric soluble sodium calcium phosphate, is nearly
equal. This means that constant amount CaQO and P,O; from rock is reacting
with all of Na, O to form the citric soluble compound. Rest of CaO and P, O,
will be in the product as fluorapatite itself. This is evident from X-ray results
and cell dimension values of residue fluorapatite obtained (Figure 8).

The XRD patterns of the residual fluorapatite showed a shifting of peaks
with the increase of sodium carbonate (Figure 7 (B) ). This may be due to the
substitution of excess Na+ in the fluorapatite lattice.

The cell constants of the residual fluorapatite obtained after dissolving in
1% citric solution is plotted in the Figure 8. The cell constants are nearly same
upto a sodium carbonate to apatite ratio of 100 : 30. Beyond this cell constant
“a” decreases and “b” increases with the increase of Na, CO, percentage. Also
the percentage of citric soluble P, O, in the final product decreases.

Colour and the form of the product

The colour of the products varies from btown to grey when Na, CO, ratio is
increased at 1150°C and the samples which give high citric solubility had a
sintered appearence.

Effect of quenching

It was observed when carrying out experiments that rapid air quenching is
needed to get better citric acid solubility in a given condition. Since the pro-
duct obtained had low water solubility (Table 21) further experiment was carried
out with calcined samples by quenching into water. The citric solubility of
this sample was very low compared to air quenched sample and X - ray patterns
showed the sample had more unreacted fluorapatite.
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Figure 8 — Variation of cell dimensions of unreacted fluorapatite when raw

apatite is calcined with varying amounts of Na, C0, at 1150°C for 3 hours.
A — Variation of cell dimension a

B — Variation of cell dimension b
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Table 21 - Effect of water quenching and air quenching on citric soluble
P,0.% on Na,CO, calcined Apatite.

RATIO Tc)rép‘ Du(rﬁtign Air Quenching Water Quenching
- C T8 —_—— macp i ———
Apatite Na:CO3 water sol.  citric sol. Clttl!JcOs(g}uI:le
POs%  POsls X
100 20 1150 3.00 3-17 23-00 644

Hence it is clear that to obtain high citric soluble P, O, content with calci-
nations with soda ash at 1150°C, apatite to Soda ash 1atio must be in the
range of 100 : 30- 35 and duration of treatment is 3 hrs. The sample chould be
quenched rapidly in air.

Conclusions

1)  Eppawela apatite itself is not suitable as a fertilizer since it has low citric
soluble P, O; percenitage. (ie. out of 34% P, O, available only 3% is in
citric soluble form).

2) It can be converted to a preduct having more PO, in citric soluble form
by calcining with sodium carbonate, quuartz or paddy hull ash. With
sodium carbonate 807, of P, O, can be made citric soluble whereas with
quartz and paddy hull ash only 509 can be converted. Calcination of a
mixture Apatite -+ Quartz + Na, CO, will also give 507, conversion.

3)  Soda Ash calcination has to be done with controlled amounts of apatite
and soda ash to get high citric soluble value and less soda ash consump-
tion. It was found at 1150°C a ratio of Apatite : Na, CO, of 100 : 30— 35
at a duration of treatment for 3 hrs, would give best results.

4)  If apatite is calcined with controlled amounts of Na, CO, at temperatures
above 1300°C, over 95% P,O. in rock can be converted to citric soluble
form. For example when a charge consisting of 100 parts of rock apatite,
20 parts of soda ash was calcined at 1300°C for 3 hours a product of 96%

citrate soluble P, O, was obtained.

5)  There is a possibility to use this product as a phosphate fettilizer for short
term crops instead of imported superphosphates, since this type of sodium
thermophosphates are presently being used as fertilizers in many countries
of the world. But before coming to a firm conclusion one has to carry out
field trials with the product,
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A Theorem on the Congruences [} (p—1)]! = = 1 (mod p).
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(Date of acceptance : 3a Januwary 1981)
1. Introduction.

From Wilson’s theorem, we have for any prime p = 3 (mod 4),
F(p—D]!=+ 1{mod p). For some primes the plus sign holds and for
some the minus sign hold. Kr & necker has derived a rule, mentioned in [1],
to decide which of the two signs + holds in the above congruence. The
object of this paper is to derive a simple formula depending only on the
class number h(—p).
2. Theorem:

If p is a prime = 3 (med 4), then
[é(P"D] = -—1 (mod ), if h(—p) = 1 (mod 4)
=11 (med p), it h(—p) = 3 (mod 4)
3. Proof:

We have (3 (p—D]1 = * 1 (mod p).
L (p—-1)]"! |
Then([——% (p )-—)?_'3( _—)Zil
P P

Hence [4(p—1)] I= (—1)"(mod p) where n is the number of positive
quadratic non-residues of p which are less than or equal to $(p—1).

Now, let m be the number of positive quadratic residues of p which are less
than or equal to ${p—1).

Then m+n=3%(p—1) (1)

If p= —1(mod 8), then h(—p)=m-—n '¢A)]
and if p=3(mod 8),

h(—p)=1(m—n). (Seec.g [2])

From (1) and (2), we have, if p= —1 (mod 8), then

n=1(p—2h—1)
and from (1) and (3), we have, if p=3(mod 8), then
n =1(p—6h—1).

In both cases nis odd if h = 1 (mod 4) and n is even if h = 3 (mod 4)
Hence the theorem.

References

1. AYOUB, R. (1953) An Introduction to the Analytic Theory of numbers, Amer. Math. Sec.
p. 300—301. »

2. USPENSKY, |.V. & HEASLET, M.A. (1939) Elementary Number Theory, New York and
London p 156—-157.

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/

J. Natn Sei. Coun. Syi Lanka 19819 (1)

Laboratory Investigations on the Repellent and Narcotic
Properties of Steam Distillates of Local Plant Extracts to

Sitotroga cerealella (Olivier)

S. R- KRISHNARAJAH AND V. K. GANESALINGAM
Department of Zoology, University of Jafina, Jafina, Sri Lanke.
{Date of 1eceipt : 23 February 179}

{Dure of acceptance : 12 February 1981)

Abstract ; The study was undertaken to determine suitable local plant extracts to be used against
Sitatroga cevealellu, an important pest of paddy in Sii Lanka.

A YY" shaped insect olfactometer was used to determine the behaviour of the moths towards
the materials used. Additional experiments were condurted in large petridishes to find the
toxic effect of the vapor of these materials. Several replicates were talken in each cpse,

Statistical analysis of the data obtained in the experiments showed that ameng the materials
used, the steam volatile constituents of Vitex negundo appeared to be a promising repellent and
the vapour of citronella oil was toxic to Sitetrogo cerealelle.

1. Introduction

Effective natural enemies are not available for Sitotroga cerealelld, an important
pest of paddy in Sri Lanka. The use of chemicals to control it may not be
advisable due to their residual effect. Although maintenance of a certain stan-
dard of cleanliness in storing paddy may reduce infestation! itis not possible to
reduce infestation appreciably by this method. Therefore, the feasibility of
using a suiatable local repellent was investigated in the laboratory.

This study was undertaken to find suitable plant extracts that could be used
against the pest in stored paddy. It was thought that the use of local tesources
as repellents would be of economic value for controlling the pest.

2. Materials and Methods

The moths were reared on paddy under laboratory conditions in bottles (375
c. ¢.) covered with perforated plastic caps for ventilation, Each newly emerged
female was introduced into a bottle containing newly emerged males, Immedi-
ately after copulation the female was collected in separate bottles containing
paddy sterilised at 80" C for twenty minutes. The Ist generation moths emerged
after about a month. One-day-old moths, both females and males in equal
number were collected by means of an aspirator and used in these experiments,
A simple Y’ shaped insect olfactometer similar to that used by Hershberger
and Smith? was used in this experiment with an additional syringe to push the
experimental specimens from the main chamber to the ‘Y’ tube (Figure 1). A
current of air was drawn by a suction pump along both arms of the olfactometer
simultancously and passed out through the outlet of the main stem. The
material under investigation was placed in a smell bottle, through which air was
passed so that its vapour passed into one arm of the olfactometer, while the
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B, - glass bottle containing
water

B, - glass bottle containing
chemical

C - glass chamber

F - connical Flask

O - side tube to suction pump
_ S - syringe

a| Y- Y!tube

Figure 1 — Y’ shaped insect olfactometer.
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Figure 2 A

P --hl----e-h
YAl 7772, 0

[+]

Figure 2 B

Figure - 2 Apparatus used to determine the time taken for
the moths to die due to the wapour of the plant extracts.

A. Top view.
B. Side view
a. cavity side c. petridish

b, plant extract d. cover
e, [l'iﬁsh

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

81


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/

82 S. R. Kyishnarajeh ard V. K. Ganesalingai

other arm carried air which has passed ever water. The moths were intro-
duced in groups into the niaini stem and as they proceeded into the *Y’ shaped
tube, they encountered two air currents of the same speed containing different
odours, and as such they would move away from the one carrying a repellent,
Subsequently, they would reach the respective large glass tubes. Using this
technique eleven replicates were taken with varivus numbers (2-6) of mothsin
almost the same sex ratio. (The time sllowed was 11 minutes in each case),
The experiments using ‘'Y’ shaped olfactometer were conducted in a dark roomni.

Additional experiments were conducted using large petridishes (diameter 9cm;
volume 100 cc), keeping the material under investigation on a cavity slide
and covering it with another petridish (Figure 2). The moth was introduced in.
to a large petridish and the time taken for it to die due to the vapour of the
materials used was determined. Several replicates were teken. In  this way
different materials were used to find their toxic effect on the moth concerned.

The plant extracts used in this study were either prepared in our laboratory
or obtained from the Ceylon In:titute of Scientific and Industrial Research,
Colombo.

The extracts in our laboratory were prepared by steam distillation of the
leaves, followed by other extraction. The temperature of the laboratory during
the experimental period was 30°+2° C and the relative humidity 80+4%

3. Results

Statistical analysis using analysis of variance? for the data obtained in the experi-
ments using the ‘Y’ shaped insect olfactometer, showed that the data obtained
with the extract of Vitex negunde was significantly different from those obtained
using other extracts (d. f=9/100, F= 1.682 significant at 10%level). Analysing
the results using t - test, pair by pair shows that the data cbtained for the extract
of Vitex negundo is significantly different from theose obtained using other
extracts. The “Chi” square test applied to the data obtained using the extract
of Vitex negundo showed that there is a significant difference between the number
of moths moving into the arm (X?= 12.736, P « 0:005). The number moving
into the arm containing the extract of Vitex negundo was significantly less than
the number moving into the other arm - {Table 1).

With regard to the time taken for the moths to die due to vapour toxicity of
the materials used, it was found that among the materials used, Citronella oil
vapour, killed within the shortest time (14 minutes an average of 11 readings
taken in each case - Table 2).
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Table 1 ~ The direction of movements of Sitotroga cerealella in the <Y ' shaped
olfactometer when given a choice between the plant extracts (oil) and water
(* significantly different).

No. of insects No. of insects Non- X2 P
Total  moved into moved into the res—
Materials No.of the arm con- arm containing pon-
Insects  taining plant water se
extrace
Citronella oil 50 12 28 10 6.4 *<0.015
Clove oil 53 17 14 22 0.029 =<0.000
Margosa cil 56 20 22 14 0.005 <0.900
Cinnamon leaf oil 47 13 21 13 1.82 <0.250
Eucalyptus oil 46 9 18 19 3.00 <0.050
Lime leaf oil 41 21 15 6 0-111  =<0.750
Vitex oil 43 8 30 5 12.736 *<0.005
Camphorated margosa oil 54 18 31 5 3447 <0.050
Lemon grass oil 64 13 13 38 0.000 -=<Q-095
Ocimum extract 39 10 16 13 1-384 =<0.150

Table 2 - The time taken for the moths to die due to the toxic effect of the
vapour of the materials used. (Average of 11 readings in each case).

Average time
Materials taken for
death (mins.)

Citronella oil . 14
Clove oil . 16.5
Vitex oil . 18
Cinnamon leaf oil . 18
Lemon grass oil A 19
Margosa oil o =30
Eucalyptus oil o = 30
Lime leaf cil o = 3
Camphorated Margosa oil e =30
Ocimum extract . = 30
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4, Discussion

The study revealed that of all the plant extracts tested for porent repellency
against Stiotroga cervealella, the extract of Viiex negundo could be considered as a
promising repellent,  The other materials were unsuitable for this purpose.
The odour of the extract of Vitex negundo seems to be intolerable. as it is to
some animals and to man. It is probable that the olfactory organs of the moth
are extra sensitive to the odour of the extract of Vitex negundo.

From the present study one could conclude that the oil of Citronella
(Andropogon nardus — Lenabatu tyge) is the most toxic material used in these
experiments, as it takes the shortest time to kill the pest.  Although Citronella
(Lenabatu type) seems to have a repellent property to mosquito specics as revie-
wed by Wijesekera,5 how it causes death in Sitotroga cerealella is not known.

The extract of Black pepper, Piper nigrum {L) has been used against rice
weevil, Sitophilis oryzae (L), and cowpea weevil, Callosobruchus macndais (E).A
In similar manner, Vitex negundo could be made use of as repellent and poison
against Sitorroga cerealella.

The toxicity of Black pepper was not attributed to the presence of piperine
alone, Several other chemical components of Black pepper may be ascribzad for
its toxicity in conjunction or in synergism with piperinz.* Likewise, Andropogon
nardus contains about 47 constituents® but the components with toxic or repellent
qualities have not been idzntified,  In the case of Vitex negundo, cven the chemi-
cal consitituents have not been investigated.

Further investigations on the chemical constituents and their effects individually,
or in conjuncrion with others, so as to determine the most promising composition,
for repellency or toxicity are necessary.
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Abstract Fie'd studies to compare N utilization and economies of some intercropped and mone
cropped systems were conducted in Sri Lanka using muize [ cowpea maize | suvbean and maize

jmungbean crop combinations. N levels used were 0% 50% and 100% of the lceally recommen-
ded rates for the non-leguine crop. At all locations, the nen legume cr »p showed a itive

response to N under both cropping systems.  Yield of the ‘ntercropped lepume was depressed
at higher N levels possibly duee to shading effect of the nec~lcoume crop. Tota! cutput and
gross returnd increased with ercropping.  The ner protein wtilizativn velue of the inter
ccopped system was also higher highlighting the inportance of such systems for the subsistence
level farmers of dzveloping countrics

1. Introduction

In many Asian and Pacific countries, farmers with limited resources have tradi-
tionally multiple cropped their lands to minimize risks associated with growing
a single crop, and to assure a more stable subsistence in terms of food, nutrition,
and possible income. Using the available family labour and limited cepital resour-
ces, they have attempted to maximize returns from these cropping systems,
generally under low Jevels of technology. In the developed countries, however,
multiple cropping has been viewed as a practice not well suited to modern
agriculture, and for this reason, research in this field has been largely inadequate.
One of the main reasons for this neglect seems to be that most agricultural
rescarch reported in lirerature has been carried out in countries where mono-
cultures prevail. Since agriculture in these countries is mechanized, research
has focused on agricultural systems that have mechanizarion as ore of their
major components’ Due to recent increases in population densities and in
prices of agriculiural resources, an interest is now developnz to seck
technological altcrnatives for increasing food production. Intercropping as
a means of optimizing the use of land and other inputs, is starting to receive
increased attenticn,

One of the areas requiring an enhanced understanding in multiple cropping
systems is the use of fertilizer nitrogen, a resource which is expensive and not
easily available to farmers in developing countries. The present study was
therefore designed to evaluate N utilization of intercropped systems, and to
compare its ecconomics with corresponding monocropped systems.

2. Materials and Methods

A non - leguminous monocrop system at three N levels was compared with
an intercropped system consisting of the same crop inter-p'ented with a grain
legume, at the same levels of N.  The study was conducted at Peradeniya and
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Kundasale in Sri Lanka with two experiments at each locatien. The levels of
N selected were 0%, 50% and 100% of 80 kg N/ha, the recommended N for the
row crop! maize Zea mays L. All Plots received 100%, of the recommended tates
of P (50 kg Plha) and K (65 kg K/ha) for the row crop only and other cultural
practices for both crops uniformly as per local recommendation. In Peradeniva
experiment (B) where soybean was used as the legume, it was inoculated with a
commercial inoculum, ‘Nitrogin S’ at the rate of 5 g/kg of seed. Grain legumes
used were soybean Glycine max (L) Merr. (1 site), cowpea Vigna wunguiculata L.
(1 site) and mungbean Vignu radiuta L. (2 sites.) Both row and legume crops
were planted at the same time. The legume was planted centrally between row

crop rows. Treatments were arranged in randomized blocks replicated four
itmes. Locations, soil characteristics and other experimental details are indicated

in Table 1.

Table 1 - Locations, soil characteristics and othetr experimental details

PERADENIY A KUNDASALE
Location
(A) (B) (< (D)
Altitude -+ 450 M 450 M 420 M 420 M
Texture . clay loam clay loamy sand loamy sand
pH iz 5.3 6.1 6.4 6.4
Organic carbon (%) » 1.55 1.98 1.04 1.6
Total N (%) . 0-27 0.1 009 0-28
CEC (me/100g) o 40-8 43.8 460 3.96
Available P (me/100g) ‘e 52.7 15 23-0 52-7
Available K (me/100g) i 0.54 2.11 0.35 0-64
Available Ca (me/100g) - - 21.94 25.81 3.35 4-00
Avuilable Mg (me/100g) .. 13-60 12-90 083 0.76
Available Na (mef100g) - 0.92 0-93 0:06 0.04
Row crop variety (maize) - Thai Thai
Composite Composite L s
Legume ar cowpea soybean mungbean mungbean
Legume variety 2 Bushitavo PB. 1 ML 1 ML 1
Date of Planting (1976) . May 16 July 16 May 20 July 2
D' .
ate oiok::r:re;,;mg (1976) " Sep. 20 Nev. 20
legume i Aug. 30 Oet, 24 Sep. 13 Nov. 8
Aug. 16 Oct. 10
Spacing, cm
row crop o 75 x 15 75 =% 25 5 =x 75 15.x 25
legume e 75 x 20 75 x5 75 x 20 75 x 20

Rainfall during experi« 712 721 413 200
mental period, mm+ g

+ Supplemental irrigation provided in all cases, as needed
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3. Results and Discussion

The mean yield of row and legume crops for wvarious locations is given in

Table 2,

Yield of row crop: (i) Effect of N - Whether intercropped or not, maize showed
a positive response to N application, The yield difference between the 50% N
and 100% N levels however, was significant in two cases: intercrop in Kundasale
(C) and monocrop in Kundasale (D). These results would perhaps suggest a
re-examination of what constitutes a “recommended’” fertilizer application by
farmers.

An interesting fcature is that the magnitude of yield responsze and its trend
varfed with variety and location, Thus a considerable variation in the vyield of
maize was recorded among the four sites. The yicld ranged from 0.60 - 1.27
t/ha in Kundasale (D) to 7-88 - 9-85 t/ha in Peradeniya, (A). Maize yields in
Kundasale trials are too low to make valid comparisons between locations.

ii. Effect of Cropping System — As a general trend, maize yields were somewhat
depressed by intercropping, particularly at lower N levels. The differences
however, were statistically significant only in a few instances: the 0% N level
in Kundasale (C) and Peradeniya (B), and the 100% N in Kundasale (D). The
yield gap between monocropped and intercropped maize tended to decrease
with increasing N levels, except in Kundasale (D). This would indicate that at
lower N levels, thete is competition between maize and interplanted legumes for
N, and that the competitive effect decreases as the N level increases.  Agboola
and Fayemi' studied the effect of intercropping maize with cowpea and
mungbean at varying N levels and found that maize yield was not decreased by
intercropping at higher N levels. Similar results have been reported by Haizels
when maize was intercropped with cowpea in two cropping seasons.
Beets! concludes that maize could withstand intercropping with compatible
ctops. These arguments do not help to explain the yield differences in the
Kundasale (D) however, possibility of some, as yet unexplained, interaction
between maize and mungbean cannot be ruled cut. The significant maize yield
reduction due to intercropping at 0% N level in Kundasale {(C) and Peradeniya
(B) may be a reflection of the inability of maize to compete with either mung-
bean or soybean for the available soil N. Similar conclusions are also reported
by Harwood and Banta.?

Yield of Legume: Table 2 indicates that, in all cases, the yield of intercropped
legume decreased with increasing levels of N application, except in Peradeniya
(A). Thus, at all four sites, the 0% N level gave the highest legume yield,
regardless of whether it was mungbean, cowpea or soybean, and this tended to
decrease with increasing N levels, Shading and competition effccts of the row

The term “row crop™ wherever used will dencte the non-legumincus crop being tested;
*legume’ wil: designate the inter - planted grain legume.

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/

Nitrogen Use and Economics of Intercropping in Sri Lanka _ 89

crop at higher N levels would probably account for this. Syariffuddin et al't
reported an increase in shoding effect and a corresponding reduction in
legume yicld at higher densities of maize. This suggests that wider spacings of
the row crop would be required if higher yields of inter-planted legume is
desired.

Yield of total system : The total yield of the intercropped system was higher than
that of its monocrop counterpart at all N levels, except in a few cases (Table 2).
This suggests that there was better utilization of land, N, and other inputs under
intercropping. The magnitude of the difference, however, varied with crop
combinations and location. Results of these and some other studies so far
reported indicate that a new potential for total production systems thus exists
if plant types are selected to exploit soil and climates while maintaining optimum
plant populations and other cultural practices (Jeganathan et al.'%, and
Pinchinat and Oelsligle,”?, for maize- soybean combinations; Roquib and
Kundu®®, for maize - groundnut and rice-mungbean combinations; and
Beets?, for rice-soybean and maize-soybean combinations). On the other
hand, Koli! end IRRI® report a reduction in vield of both crops in
intercropped systerns. One of the deficiencies of results so far obtained is that
most research concerned with inter- cropping has been conducted with crop
varieties selected for performance in pute culture. As Harper? points
out, varieties that are expect:d to perform better in mixtures should be specifi-
cally bred for this purpose. Data reported by Digkstra and De Vos!
who tested clover selections in both pure and mixed stands with pasture grass
support this view,

Human nuritional value. The effect of cropping systems and N level on the
crude protein content of maize and cowpea in Peradeniya (A), although not
subject to statistical analysis, shows that, while crude protein of cowpea was not
affected by N levels, that of maize increased in both monocrop and intercrop
systems (Table 3) At rates below the 100% N level, crude protein content of
maize under monocrop was slightly higher than under intercrop: at the 1007
N level, on the other hand, crude protein content was higher under theintercrop
system the combined maize -cowpea crude protein content of the intercrop system
was much higher than that of the maize monocrop system at all N levels. From
a practical human nutrition standpoint, the significant points to note are:

Table 3 - Effect of cropping systems and N level on crude protein content of
maize and cowpea, Peradeniya (A)

Cr ude Protein Content, %

Level of Monocrop System Intercrop System
Ny kgfha
maize maize cowpes
80 10.94 11.70 14.90
40 9.93 8-96 14.90
0 8-88 8.35 25:00
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L. The maize- cowpea intercrop yielded approximately 10% more crude
protein{ ha, compared to maize monocrop, at the same N levels,

2. Since cowpea has a higher lysine content (427 mg/g vs 167 me/g N in
maize), the concurrent use of cowpea and maize as food should
have much better net protein  utilization than maize alone.s

The data is inadequate to make further explanations, and indicates that there is
a need for much further research on the human nutrition aspects of
intercropping.

Economics. The total economic value of the produce obtained (t/ha) was
based on international wholesale crop prices in some cases and the local
market prices prevailing at the time of study in other cases (Table 4). The
differentially higher cost incurred in the intercrop for family labour has not
been taken into account, since family labour is readily available in most develo-
ping countries,

Table 4 - Economics of mono and intercrop syslems“*

Gross returns at various N levels, R;ath

ZeroN/ 40 kri\fha 80 kg N/ha
-_L;cnnocrop intercrep MoROcrop intercrop monacrop intercrop
Peradeniya (A)
maize 3,325.0 3,350.2 4,275.6 4,050.2 4.316-2_ 4,19]:'-6
cowpea e 432.0 oy 2744 s 417.2
TOTAL 3,325.0 3,782.2 4,175:6 4,324-6 4,316.2 4,608-8
Peradeniya (B)
maize 317852 1,806.0 2,608-2 2,167-2 2,850.4 2,583-0
soybean — 1,741:6 — 1,300-6 =i 1,267.17
TOTAL 3,175.2 3,547-6 2,608.2 3,467.8 2,850.4 3,850-0
Kundasale (C)
maize 1,299.2 991 2 1,841-0 1,642.2 2,063-6 2.074-8
mungbean — 242.2 . 366-8 —_ 50-4
TOTAL 1,299.2 1,232.4 1,841-0 2,009.0 2,063-6 2,125-2
Kundasale (D)
maize 166-0 2660 466-2 415.6 708-4 541.8
mungbean — 1,2754 =y 733.6 Lo 609.0
TOTAL 266-0 1,541.4 466.2 1,159.2 08-4 1,150-8

+ Avc.ape wholesale international price used for maize, cowpea and mybean for mungbzan th“
wnolesale price prevailing in S¢i Lanka at the time of Studf has been used due to non-availa~
bility of data on international prices.
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In all four experiments, regardless of crop combinations used, the intercrop
system provided higher returns than the monocrop system at corresponding N
levels, the increase varying from a non- significant 1% in Peradeniya (A) (507
N level) to a highly significant 416%, in Kundasale (B) (C% N level). The only
exception where the monocrop yielded more returns was the 0, N level in
Kundasale (C). The difference amounts to 5%. Intercropping with a higher
value crop such as mungbean provides for a higher differential return than if
a lower value crop such as ccwpea is used. Roquib et al® also found
combinations of ruaize and soybean, rice and soybean, and maize and groundnut
to give better monetary returns per unit area; Jeganathan et al® reported
mote net profit in intercropped maize and soybean. Beets?, in a compre-
hensive study on mono - and intercropping cconomics in Thailand reported
that soybean - maize intercrop could yield 309/ more income compared to mono-
crop maize.

Apart from increased returns, intercrop systems could also provide fora
greater protection against risks due to pests and adverse climatic conditions,
as these tend to affect various crops differently. A farmer would therefore be
able to harvest one crop even if the other crop was completely destroyed.

4. Conclusion

Intercropping with compatible crop combinations increases total output per
unit area and therefore provides for more efficient utilization of N, land and
other inputs. Depending upon market prices of crops used, total returns to
farmers are also increased. Intercropping with legnmes appears to enhance the
net protein utilization value of the system, highlighting the importance of such
management practices for subsistence level farmers of developing countries.
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SHORT COMMUNICATION

Hormonal Induction of Lactation in Buffaloes (Bubalus bubalis)
A Preliminary Study

R. RAJAMAHENDRN, K. P. M. PATHIRANA AND M. THAMOTHARAM*
Department of Animal Husbandry, Unjyersity of Pevadeniva, Peradeniva, Sri Lanlg-
{Duate of receipt: 23 July 198c)

(Date of acceprance « 1 Tonuany 19%1)

Development of a reliable procedure to induce lactation in cattle and buffalces
will have considerable practical as well as theoretical significance. Through
this procedure, it may be possible to meet the censumer demand of liguid milk,
derive profits from uneconomical cows and heifers and salvage unproductive

cows that are otherwise culled due to reproductive disorders or prolonged
calving intervals.

A review of the literature on artificial induction of lactation reveals that
many different procedures have been used to induce lectation in cattle, with
exogenous hormones. Generally lactation milk yields were higher following
prolonged treatments with various combination of ocstrogen and progeste-
rone??* as compared to oestrogen alone’ Smith and Schanbachert modified
eatlier procedures by increasing the daily oestrogen dose 100 fold and injecting
subcutaneously oestradiol 17 £ (0.05 mg/kg bodyweight) and progesterone
(0.125 mg/kg bodyweight) dissolved in absolute ethanol, 15 times at 12 hr
interval. Although lactogenesis occurred in a majority of animals within 1 to4
weeks after treatment, rates of milk production varied widely among individuals.
However this method has several advantages such as short duration of treatment
and also the post treatment oestrus is short and fertile. !

The use of above hormone treatment schedule for the induction of lactation
in buffalocs has hitherto not been investigated. The purpose of this preliminary
study was to determine whether the short term progesterone oestrogen treatment
was as effective in inducing lactation in buffaloes as in cattle.

This study was conducted at the National Livestock Development Board
Farm, Malsiripura, in the Kurunegala district. Surti buffalo breeds are main-
tained in this farm. Nine animals, four non - preghant primiparous cows and
five cycling non-pregnant heifers were made available for this study. The

* National Livestock Development Board, Malsiripura.

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/

94 R. Rajamahendran, K. P. M. Pathirana and M. Thamotharam

average age and weight of cows was 50 months and 400 kg and the heifers 24
months and 300 ke. All the experimental animals were tectally palpated before
treatment to asscss their ovarian and uterine status and they were allocated at
random to two treatment groups. Two cows and two heifers were assigned to
Group I and the remaining two cows three heifers were assigned to Group 1L
Hormones used were oestradiol 17 B (E,) and progesterone (P) dissolved in
absolute alcohol. Hormone injections were given subcutaneously behind the
scapula at 12 hr intervals and each dose contained 0.05 mg of E, and 0.125 mg
of P per kg of body weight. Animals in Group I received 15 injections (7 days)
while Group II animals received 29 injections (14 days). An intramuscular
injection of dexamethasone sodium phosphate (0.03 mg/kg bodyweight) was
given to each animal seven days after the last P+E, treatment, Manual stimula-
tion of the mammary glands, twice duily were carried out after the dexametha-
sone treatment and regular milking was commenced when the glands became full

and turgid.

The following cbservations were made on the animals a) udder and teat
development during treatment and lactation, b) the milk yield for 2 weeks after
induction, ¢) the composition of induced milk during peak lactation and d)

interval to ocestrus and pregnancy following treatment.

Udder and teat developmont were assessed by visual observations and by
handling the mammary glands and teats before the first P 4 E, injection and on
days 10, 20 and 30 after the first injection. The degree of udder and teat
development were more pronounced in heifers than in cows. Meximum develop-
ment was observed around 30 days after the commencement of P -+ E, treat-
ment., Since pregnancy period in buffaloes is about 310 days, we rationalised
that a longer hormone injection period might prove beneficial to mammary
development. However no difference was observed in the udder and teat
development between the two treatmients groups. Lactation was initiated in all
the treated animals, However the amount of milk yield as expected was more
in cows than in heifers. (Table 1). Of the 4 cows treated 2 of them had peak
lactation of about 3 litres. This yield was 75% of their previous lactation
vielde.  Three out of 5 heifers had peak lactation of about 1 litre. The peak
lactation yield was attained around 50 to 70 days after initiation of lactation.
The composition of milk namely fat%, total solids and solids not fat obtained
during the peak lactation were not different from normal milk. The results
also indicates that the reproductive state of the animal before the commence-
ment of the treatment did not have any effect on initiation of lactation. Qestrus
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sighs were not exhibited by the animals during the course of the treatment.
Most of the animals returned to oestrus within 30 days after treatment and 3

animals were diagnosed pregnant 90 days later.

The results obtained from this preliminary study is very encouraging. Further
studies on a large number of reproductive problems of animals should be carried
out to determine the lactation length and total milk yield; hormene levels in
milk following induction; fertility following induction treatment; cost bene’its
of this induction treatment, before recommending this procedure to the dairy

farmer.
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The Influence of Frequency of Feeding on Rumen
Concentration of Volatile Fatty Acid (VFA) and
Ammonia in Growing Buffalo Calves,

M. C. N. JAYASURIYA*, U. R. MEHRA AND R. S. DASS
Division of Animal Nutyition, Indian Veterinary Rescarch Institute Tzatnagar,(U.P+ ) 243122, India
{Date of veceipt : 22 February 1980)

{ Date of acceptance : 02 January 1981 )

A major criterion for the isotope dilution technicques is that the animal remains
in a relatively steady state throughout the experimental period. Unless the
animal has reached the steady state, production rates of Volatile Fatty Acid
(VFA) or microbial protein cannot be accurately determined. A steady state
further makes it possible to extrapolate results on a daily basis.!

The present study was conducted to determine how frequency of feeding
influences steady state in the buffalo calf with regard to rumen concentration
of volatile fatty acids and ammonia,

Four growing male buffalo calves, approximately 3 years of age, fitted with
rumen cannulae were used in the study. Animals were randomly divided into
two groups of two cach. Chaffed green maize was offered ad libitum to all
animals. After a pre-experimental period of four weeks animals in group 1
were given green maize twice daily at 08.00 and 16.00 hours. Animals in group2
were fed their daily ration in twelve equal amounts at two hourly intervals,
All animals had access to ad libitum water.

After a period of three weeks on this feeding regime samples of rumen liquor
were drawn from four different sites in the rumen at various time intervals up
to 10 to 14 hours using specially built probes covered with fine nylon gauze as
described previously.! About 20 ml of rumen fluid received in cold Macartney
bottles containing 0-2 ml of 10 N sulphuric acid were taken to the laboratory
and analysed immediately for total VFA and rumen ammonia by Markham
distillation.* Rumen liquor samples were further fractionated by pas liquid
chromatography (Shimadzu model GC-4 (B) BTF) using a column of chromo-
sorb W-HMDS with tween 802 Nitrogen was used as the carrier gas on the
flame ionization detector.

*  Present Address: Department of Animal Husbandry, Univgrsity, of Peradeniya, Peradeniya,
Sri Lanka.
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Total VEA produced at different time intervals by animals on the two treat-
ments are presented in Figure 1. The concentration of total VFA remained
within very narrow limits at different times as a result of two houtly feeding.
Similar results have been reported earlier when Know and Ward® compared
twice a day feeding with eight times feeding using brown Swiss snimals on a
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Figure 1 Total Volatile Fatty Acid (TVFA) concentration as
affected by frequency of feeding in buffalo calves.
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alfalfa hay diet. Twelve times feeding at two hourly intervals in the present
experiment appears to provide a more constant (94-95 + 1-25 vs 114.8 + 4)
rumen VFA concentration compared to eight times feeding at three hourly
intervals, reported earlier.?

The concentration and molar percentage of VFA and the concentration of
rumen ammonia for the two treatments are shown in Table 1. The frequency
of feeding had no influence on the concentration of total VFA although the
tendency was for the animals in the twelve times feeding group to show cons-
tantly higher values. There was no significant correlation {(P==0.05) between
rumen ammeonia concentration and total VFA for both feeding regimes.

Table 1. The concentration and molar percentage of Volatile Fatty Acid (VFA)
and rumen ammonia,

Treatment  Rumen ammonia  Total VEA Molar % of Concentration
(mg/100m! rumen concentration total of
fluid) (m molesf litre VEA VEA

rumen fluid)
Acetic Propi Buty- Acetic Propi- Buty-
acid onic ric acid onic ric
acid acid acid acid

Two times

feading 13.46 +0.58 88.3+3.05 61.6 236 13.6 552 0B 12.0
at 0800 and

16-00 hours

(group 1)

Twelve times

feeding 14-14+1-17 94.95+1.25 62.8 21-6  15.1 5%.6 20.5 14.3
at two houtly

intervals

(group 1)

The frequency of feeding had no influence on the molar percentage of vola-
tile fatty acids in agreement with the findings of Putnam et al> although Know
and Ward3 reported a constantly higher acetic acid percentage on the two

times feeding compared to eight times feeding.

As two houtly feeding helps to maintain 2 constant concentration of VFA
throughout the period such a feeding regime appears to be satisfactory when
measuring production rates of microbial synthesis by isotope dilution techniques
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Anuran Responses To Signal Attenuation In Environments
Of High Noise

E. R. SENANAYAKE

Deparement of Wildlife and Fisheries Biology, Unitversity of California, Davis, California 95616,
U. 8. A,

{ Date of veceipt: 1o June 168¢)

{Date of acceptance: 26 Junuary 10%1)

Anuran vocalizations, especially breeding calls in the sense of Bogert,! have been
demonstrated to function as effective isolating mechanisms in some groups,?
It has been shown that isolation is not the only role of this call; it may serve
various other functions such as advertising the presence of a potential mate,
synchronizing mating activity,'® serving as a sex attractant,’ or increasing female
receptivity.’? For each role the call must transmit information; indeed, the
emitter and the receiver of the call represents a co-evolved unit?*

Calls are species specific and often used as taxonomic characters,4 Studies on
call structure secm to suggest that the calls may demonstrate common, discerna-
ble patterns within closely related groups of Anurans. The relationship
demonstrated by such features are only consistent at the generic level, but lose
validation of call characteristics with other phenomena such as habitat differen-
ces and types of mating call chorus, sugpesting that these factors must exert a
strong selective presence on call evolution.® These conditions require the shape
of the call to reflect a compromise among the multiple pressures being exerted
upon it.?

We can then define ‘competitive’ environments, as those in which signal
intelligibility is lost, either through auditory saturation or sound attenuation.
Thus we could expect species in a slightly ‘competitive’ environment to have
call elements that demonstrate its phylogeny much clearer than species in a
highly ‘competitive’ environment.

Animals suggest three ways in which acoustic interference leading to ‘loss of
signal information, may be reduced: frequency separation, spatial separation and
temporal separation.!? These are interspecific responses that usually occur in an
environment in which two or more species call at the same spatio-temporal point.
However, the physical characteristics of the environment may also influence
the character of the call. Sound attenuation in amphibian voices is a2 function
not only of call frequency but also of the physical character of the environment.®
Other factors, such as wave reflections? and habitat complexity!! have been
considered. Yet another feature of the sound environment that should effect
the evolution of the call structure, is the base level of background noise, termed
basal noise bands, which would be a characteristic of any natural environment,
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Basal noise bands would constitute abiotic noise that is sufficiently common
in a given environment to provide a selective pressure on the information
transmission system. [ts occurence would suggest that all information trans-
mission systems are operating at some energetically higher or more complex
degree than in a free field. The increase would be rather insignificant when
the basal noise level is low and the effect minimal, relative to their sclective
forces. When it represents a major selective force, evolutionary response to it
should be demonstratable.

Some environments of high ambient noise; i.e., waterfalls and torrents, may
be good breeding habitats for amphibians. Their utilization requires a solution
to the problems of scund attenuation. To utilize the immediate area of such
an environment, a breeding unit utilizing auditory communication could develop
three basic strategies to overcome attenuation and signal loss,

The first strategy would be to develop a call of higher intensity or greater
sound pressure level than background noise. This strategy may be used when
the maximum background noise is lower than the biotic potential of the orga-
nism. It is also useful in environments that demonstrate a temporal variance,
interspersing periods of low noise with some regularity. As every environment
has some degree of random noise associated with it, all Anuran calls should
incorporate response to this basal noise level. The contrasting calls of the
‘quiet’ frogs of the forest floor with the ‘loud’ calls of frogs of the African
Savannah!® mayv demonstrate this principle. |

A second possible strategy would be to call at a higher or lower frequency
than that of the ambicat neise. This would be useful if the noise has a higher
depree of predictability in terms of the frequency and temporal pattern. The
utilization of this strategy may be demonstrated in aggregations, the species of
which utilise unoccupied frequency bands to minimize call overlap with other
sympatric species calling at the same time.!6

The third strategy would be to send the call on band widths within the noise
environment, but to codify the call elements. This may be accomplished by
frequency modulation and amplitude modulation or both, of which there are
multiple examples. Also available are the temporal units; namely call pulse
rates and rate pattern which would enhance recognition without affecting
attenuation.

The sound environment of the breeding habitats of the non- arboral Anurans
of Sti Lanka was analyzed. (Table 1}. A qualitative measure of the degree of
expression of the random noise was obtained by ranking signal environments as
a function of the percentage of noise occupying the sonogram trace. For the
purpose of the study, areas of high ambient noise were those that demonstrated
noise bands in the region of 0-5 KHz, which essentially overlaps the normally
utilized band of Anurans.
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Table 1 — The sound environment of habitats utilized by breeding frogs in
Sri Lanka

Noise Level High Medivm Low

Hakitat Type Wet Cliff Slew —~ Stream River
Rapid stream Permanent Pond
Brook Temporary Pond

Noise Expressed

As Pezcentage Over 507 25% - 50% 0 -25%

Of Sonogram

Trace

Anurans Record Nanitophiys Rana corrugara Rana tigrina crossa

covlgnensiy : ;
Rgna greeni ® Rana (Hylarana) curantiaca

Bufo kelaartii Rana c. cyanophlictis  Rana { Tomopterna) breviceps
Rana { Hylarana) Rana hexadactyla

5 T i T
Rana (Hylarana) grecilis * . L !
temprralis Rana . limnocharis

Ramanella palmata
Ramanella variegata
Microhyla veylanica
Microhyla rubra
Microhylu ornata
Uperodon systoma

Caloule pulchra
taprobanica

Bufo melanostictus
Bufc fergusonii

Bufo atukovaleet

All Anurans calling from areas of high ambient noise utilise note modulation,
suggesting some degree of correlation between the occurrence of modulation and
the sound environment (Ficures 1-3).None of the Anurans recorded from areas
of low noise exhibit this characteristic. Note modulation itself is not an
uncommon character among Anurans. It has been demonstrated in most
Leprodactylids.® Only Bufo quericicus shows it in the Bufonids® and in the
Ranids it has been demonstrated only in Rana nigrovittata.? Bufo quericicus does
not breed in an area of high ambient noise, nor do many of the Leptodactylids
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described by Fouquette. Thus, note modulation may have other causes
than high ambient noise, although its high frequency in such environments
indicates its adaptive significance in overcoming high levels of background
noise.
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SHORT COMMUNICATION

The Aloin Content of Local Aloe Species

E. R. JANSZ, VAJIRA SILVA AND DAMAYANTHI RATNAYAKE

Natural Products Sectien, Cevylon Institute of Scientific and Industrial Research (CISIR),
P+ O. Box 787, Colombo 7, Svi Lanka.

fDuate of receipt @ 23 July 1980)

(Dute of acceptante i 19 March 1981)

Aloin obtained from Alpe species is a mixture of anthrone glucosides and is
commonly used as a laxative. The genus Aloe grows profusely, unattended, in
the Northetn Province of Sti Lanka, notably in the Jaffna Peninsula and the
island of Mannar., There are apparent chemical differences in the juice of
samples of Alee collected from those two locations although both belong to
Aloe vera Linn, var littoralis Koen? (synonym A, barbadensis L.). and in this
communication they will be termed Jaffna and Mannar Aloe.

A previous communication? described, (i) the identification of the plant,
(ii) the solution to the Browning reactions of Jaffna Aloe samples, (it) a modified
method of preparation of aloin from Aloe juice and (iv) the isolation of an aloin
(M. P. 136° - 138°C) from Jaffna Aloe juice. In the above investigation, assays
were done by the Fairburn method.!

In this communication, the screening of the Jaffna and Mannar Aloe for aloin
content using the tle-spectrophotometric method of McCarthy® (which affords
the accurate and rapid assay of small quantities of material) is reported along
with the uge of this test to monitor process losses in the isolation of aloin.

In the screening studies, juice from the 5th, 6th and 7th youngest leaves of
each plant (where yield of juice is a maximum) is dissolved in methanol prior
to use in the tlc technique. The solvent used was CHCI,: Abs. C;HOH (3:1)
and aloin was estimated at 360 nm spectrophotometrically.

Assay of aloin content of the juice of individual plants showed that although
there was some variation between plants of the same location, the fresh juice of
the Mannar Aloe samples had a significantly higher aloin content than those of
the Jaffna Alce. (Table I)
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Table I - Main differences between Jaffna and Mannar Aloe

Aloin content %

Place Resin content
Fresh juice Dried product e
(*aloes™)
Mannar 16-5 57 15
Jaffna 9.0 0 30

The above refers to bulk samples.

In the Jaffna locations (Kayts, Mandaithivu) aloin content of individual
plants was in the range of 89/ to 129/ while in the Mannar plants (which were
studied in more detail) the variation between plants sampled at random were as
in Table 2. The aloin content of plants in Vidatheltivu and Poonakay (location
situated on the coast between Jaffna and Mannar) was between 119/ and 127,

Table 2 - Variation in Aloin content of Mannar Aloce

Percentage Aloin < 12.5 12.5 — 15 15 — 11-5 17.5 — 20 ~ 120

Number of plants 3 6 13 5 2

The Jaffna ‘aloes’ resemble commercial ‘aloes’ not only in its aloin content
but also in resin content (water insoluble inaterial). The Mannar ‘alces’ are
- outstanding in its mean aloin content of 57 (dry basis) being at least 50% more
than the highest rcported in the literature**¢ Further its resin content is
abnormally low. In fact the tle pattern (sprayed with fast blue and KOH) of
fresh aloe juice (Mannar) resembles semi-purified aloin rather than fresh aloe

juice due to its low concentration of resins and resin precursots.

Seasonal variations were not studied in detail but it was noticed that season
affected output of juice rather than aloin content of bulk aloe samples. The
same is true for maturity of plant where there was no significant difference in
aloin content but the quantity of aloe juice increased with maturity. An
interesting finding was that plants growing in the shade had the highest aloin
content.

Quantitative tlc analysis of the products at different stages of isolation of
aloin from “aloes” showed that of the aloin available, nearly three fourths could
be isclated; the losses being mainly due to destruction during processing and
unrecoverable in supernatants (15% to 20%) and co-precipitated in tesin
(8 % to 10%).
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Both Jaffna and Mannar “aloes” gave a single, identical and unresolvable
aloin spot on tlc analysis, Isolation of this aloin resulted in lemon-yellow
crystals having an [ oc ] D ® value of —1.9 (methanol) thus differirig from bar-
baloin and its optical isomer at C! (isobarbaloin) which have reported values
of 4+ 21 and — 19 respectively. The possibility of this being a mixture of the two
compounds appears unlikely as solvents capable of separating the two on tlc fail
to do so. The melting point of the aloin isolated was 136° C to 138°C? which
differs from that reported in the literature for barbaloin (148° C to 148.5° C).4

Aerial oxidation of the aloin to the corresponding anthraguinone showed
that the latter on isolation had an I. R, spectrum (3 max, 3400 and 1620)
consistent with a 1:8 dihydroxyanthragquinone {as is aloe—emodin, the anthri-
quinone derived from harbaloin and isobarbaloin) thus showing that this aloin
is structurally closely related to those reported previously. It appears possible
that any structural difference may lie in the sugar moiety. Further spectros—
copic investigations are in progress,

These studies have shown that the Mannar Aloe are a better source of aloin
than Jaffna Aloe for the following reasons:

(a) More raw material is available.

(b) Yield of juice (>lgjleaf) is nearly double that of Jaffna

(c) Aloin content is higher,

(d) Lower resin content (would facilitate extraction of aloin)

(¢) Browning reaction is less prevalent in Mannar “aloes” (lighter, more
marketable product).

It is not cleat if the differences observed are due to genetic or environmental
factors or a combination of both.
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