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Physical Sciences

STUDIES ON SOME ELECTRICAL PROPERTIES
FLUORIDE AT HIGH TEMPERATURES

OF

POLYCRYSTALLINE CALCIUM

S Shakeel Ahmad* and S Wajahat Ali Rizvi
PCSIR Laboratories Complex, Off University Road, Karachi - 75280, Pakisktan
(Received January 01, 2001; accepted April 04, 2003)
The electrical conductivity σ and the dielectric constant ε' were measured at a frequency of 1 KHz on pressed pellet of CaF2
in the temperature range 373-873°K. The pressure applied for preparing the sample varied from 3 to 5 tons/cm2 on circular
disk of 2.5 cm diameter and 0.45 cm thickness by hydraulic press. In the temperature range investigated the conductivity
data exhibited to activate regions yielding activation energies of 0.532 ev and 0.42 ev. The region I called intrinsic region and
region II is extrinsic region. The effect of temperature and the hydrostatic pressure on the real and imaginary part of the
dielectric constant for this sample has been studied. The dielectric constant curve shows a slow increase of dielectric
constant up to temperature 473°K and above this temperature, a fast increase in ε', which may be attributed to lattice
expansion and polarizability of constituent ions. At high temperature in the dielectric, two points of phase transition are
attained. In the present study, it has been found that within the reported temperature range the dielectric constant and
dielectric loss are predominately determined by the motion of the defects. The activation energy deduced from the dielectric
studies is in good agreement with that obtained from the present electrical conductivity data.

Key words: Ionic conductivity, Dielectric constant, Phase, Activation energy.

Introduction

difficulty can be resolved by treating all the ions as interstitial
with more than one available sites.

Currently there is considerable interest in materials with high
ionic conductivity, solid electrolytes or fast ionic conductors
(Perram 1983, Suresh 1973). The fluorite structure of alkaline
earth metal fluorides exhibit super ionic behavior at high
temperatures, and they have been attracting particular attention because they have important potential applications as
electrolyte in high energy density batteries and other devices.
The superionic conductors, because of their remarkable physical properties, are used in electrochemical devices (Vashista
et al 1979)

Thus electrical properties of the alkaline earth fluorides are of
considerable interest. One of most basic form of the properties of solids is the static dielectric constant ε' and the loss
factor ε''. The value of dielectric constant plays a key role in
the lattice dynamics of ionic crystal (Liang 1973), while considering the effect of electronic interaction on the transport
of matter or charges in ionic crystals, a knowledge of dielectric constant is needed. The rate of increase of dielectric constant with temperature change dε'/dT is expected to be faster
at high temperature in ionic crystals (Oberschmidt et al 1980).
So, it was considered worth while to measure the dielectric
properties of polycrystalline CaF2 at high temperatures. From
the application point of view it is easier to use well pressed
powder in the form of pellets. Also to evaluate the electrical
conductivity of well pressed powder as a function of temperature and to determine the transport parameters and compare
their results with data those obtained by single crystal.
(Oberschmidt et al 1980). The dielectric constant and its change
with temperature is calculated from the measured sample capacitance C, by applying corrections for changes in sample
diamensions. Due to the thermal expansion in an isotropic
medium, Samara (1968) has given the following equation for
the change in dielectric constant with temperature, at constant pressure:
I/ε° (dε/dT)p = 1/C° (dC/dT)p - 1/3V° (dV/dT)p ......... (1)

Trnorcorn (1998) studied on mixing of isovalent cationic effect
in multi components fluorite structured fluorides, the static
permittivity and the diffusivity in concentrated solutions of
alkaline earth fluorite which are rare earth flouride. With this,
the influence of mixing the physical properties of super ionic
conductor was also studied. The fast ionic conduction is
found in Ba0.7-xSrLaF, a single crystal of barium station lanthanum flouride.
There exists an essential characteristic of all super ionic conductors, due to which almost complete crystal disorder of one
species of ions raises several important questions. First of all
as the number of defects become equal to the number of ions,
it becomes important to identify the vacancies and interstitials. There are no regular lattice sites in such conductors. This
*Author for correspondence

91

Pak. J. Sci. Ind. Res. 2004 47(2) 96 - 98

STUDIES OF REACTION MECHANISM
BASIC MAGNESIUM CARBONATE

AND

PHYSICAL NATURE

OF

LIGHT-WEIGHT

Abdul Khalique*, Adnan Akram, Nusrat Hamid and Izharul Haque Khan
Product Development Section, Mineral & Metallurgy Research Centre, PCSIR Laboratories Complex,
Lahore - 54600, Pakistan
(Received March 20, 2003; accepted August 23, 2003)

The reaction mechanism of light - weight magnesium carbonate has been studied and concluded that it is based upon
formation of colloidal magnesium hydroxide and adsorption of HCO3 ions on magnesium hydroxide surface under
optimum conditions. Precipitation, carried out in the presence of sodium bicarbonate over a concentration range of
1M to 0.01M, is a continuous function of the carbon dioxide remaining in the solution. Temperature between 70°C and
80°C, stirring speed of 900 rpm, gradual addition of magnesium sulfate solution and mass ratio of soda ash to sodium
bicarbonate (3:2) were found to be the optimum conditions for obtaining light - weight magnesium carbonate.

Key words: Reaction mechanism, Light - weight magnesium carbonate, Effect of sodium bicarbonate.

However, these studies are insufficient to explain the complete reaction mechanism for light - weight magnesium carbonate. Therefore, the present study was undertaken to evaluate the optimum conditions to get utmost degree of lightness
and regulate other influencing factors for producing light weight magnesium carbonate.

Introduction
There have been extensive studies conducted on the preparation of light-weight magnesium carbonate with the aim to get
optimum conditions. A number of researchers studied the preparation of basic magnesium carbonate. The following processes are the examples of the previous studies. Harold (1933)
reported that light magnesium carbonate is precipitated by
heating the solution containing magnesium bicarbonate in
the presence of crystallizing agent such as gelatin, gum arabic, castor oil sulfonin, etc. Samuel (1936) studied the preparation of light magnesium carbonate using soda ash, sodium
bicarbonate and magnesium salt solution by introducing
steam into the mixture until temperature was 70 - 90°C; the role
of bicarbonate ions did not mention during the reaction.
Morifuji et al (1991) added hydroxy carboxylic acid salts to
magnesium carbonate to produce light-weight magnesium
carbonate. Paul (1934) obtained light magnesium carbonate
by adding giobesite (dolomite) to the solution of sodium bisulfate at room temperature instead of using epsom salt and
soda ash. Bertrand (1932) converted heavy magnesium carbonate into light magnesium carbonate by mixing asbestos fibre
to the slurry of heavy carbonate between 150°F to 250°F without using sodium bicarbonate; but he could not get the maximum degree of lightness. Okata (1995) and Mita et al (1994)
also converted heavy magnesium carbonate into light magnesium carbonate by introducing steam directly into the
solution to raise temperature to 180°C and observed smaller
changes of absorption and desorption of water.

Experimental
Epsom salt, soda ash and sodium bicarbonate of technical
grade were used throughout the experiments. De-ionized
water with conductivity of 107Ω/cm was used in the preparation of all solutions. A flask (500 cm3) with lid having two
necks was used as reaction vessel. All experiments were conducted at concentration varying from 1M to 0.5M, at temperature between 70 - 80°C and at a constant stirring speed of about
900 rpm. The central hole of the lid was used for the introduction of thermometer and second for the addition of the sample.
A hot plate with controlled temperature and stirring speed
was used throughout the studies. The solutions of magnesium sulfate , sodium carbonate and sodium bicarbonate used
were prepared from IM-solution. In each experiment, 10.0g ±
0.05g of epsom salt solution was added in a thin stream to the
reaction medium containing magnetically stirred solution of
sodium carbonate (7.2g ± 0.05g) and sodium bicarbonate (4.8g
± 0.05g). Carbon dioxide gas was evolved and immediately
estimated in the moist freshly precipitated basic carbonate, in
order to avoid any loss of carbon dioxide from the precipitate
which might arise through air-drying following precipitation.
The dissolved carbon dioxide (both free and combined) in
each experiments is directly estimated in a convenient volume

*Author for correspondence
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HIGH FIELD 13C - NMR SPECTROSCOPIC ANALYSIS OF THE TRIACYLGLYCEROLS OF
ADENOPUS BREVIFLORUS SEEDS OIL
c

E T Akintayo* ad, C O Akintayo b, I Ogunlade c and H N Ogungbenle
a

Institute of Organic Chemistry, Universitat Tübingen, Auf Der Morgenstelle 18, Tübingen,Germany

b

Chemistry Department, University of Ibadan, Ibadan, Nigeria

c

Chemistry Department, University of Ado-Ekiti,Ado-Ekiti, Nigeria

(Received February 25, 2003; accepted January 14, 2004)

High resolution carbon - 13 NMR (gated decoupled) spectra of the carbonyl, saturated and olefinic carbons in Adenopus
breviflorus seeds oil have been used for direct determination of the acyl composition and acyl positional distribution on the
glycerol backbone. The spectra revealed the presence of saturated, oleic and linoleic fatty acids. Semi quantitative analysis
using the integrals of the allylic carbons signals gave the percentage composition of the oil as saturated 25.00%, oleic
14.00% and linoleic 60.90%. These percentage compositions were confirmed by gas chromatography. The spectra further
revealed that while the saturated fatty acids are distributed between the 1,3 (α) and 2 (β) glyceridic positions, oleic acid is
attached only at the (α) glyceridic position while linoleic acid is attached mostly at the (β) glyceridic position.

Key words: 13C-NMR, Adenopus breviflorus, Linoleic fatty acids, Gas chromotography, Triacylglycerols.

Adenopus breviflorus seeds oil by 1H-NMR spectroscopy
(Akintayo and Bayer 2002b). In continuation of our efforts on
the systematic studies of the lesser known and under-utilised
tropical seeds oils, the present effort aims at the 13C-NMR
spectroscopic analysis of Adenopus breviflorus seed oil to
(i) confirm the presence of the reported fatty acids, (ii) identify and semi-quantiate the fatty acids and most importantly
(iii) determine the fatty acids distribution on the glycerol backbone. The quantitative integrity of the NMR derived fatty
acid composition is verified by gas chromatographic analysis
of the oil.

Introduction
Most seed oils are composed of triacylglycerols which contain an array of fatty acids, saturated as well as unsaturated
and distributed among the three positions of the glycerol backbone. In defining the acyl positional distribution between the
α - (i.e. the 1 and 3 positions of the glycerol) and β - (i.e. the 2
position of glycerol), carbon - 13 NMR has been found most
useful. There have been also some efforts in the past (Ng
1984; Gunstone 1993; Lie Ken Jie et al 1996), where 13C - NMR
was used to identify, confirm or evaluate the fatty acids composition of different seeds oil. These reports indicated that
except for lack of differentiation of the saturated fatty acids,
the 13C - NMR technique provided the same information as the
time consuming, conventional gas chromatographic technique
for establishing fatty acid composition of oils and the tedious
enzymatic hydrolysis for identifying the positional distribution of the oils acyl groups.

Experimental
Adenopus breviflorus (ADB) seeds were purchased from some
markets in Ibadan, Akure and Ado-Ekiti in the south - western
part of Nigeria. The seeds were screened, washed and dried in
the oven (103°C) and the oils extracted with hexane for 20 h by
Soxhlet method. The extracts were desolventised under reduced pressure in a rotavapour.

Adenopus breviflorus (Cucurbitaceae) grows in the wild in
Savanah forest of Southern Nigeria. It has about 55-60% oil
(Esuoso and Bayer 1998 ). Oderinde (1990) and Oshodi (1996)
reported the fatty acids composition of the Adenopus
breviflorus seeds oil. We have characterized the oil and indicated some possible uses of the seeds oil (Akintayo and Bayer
2002a). In an earlier investigation, we have tried to identify

The 13C - NMR of the samples dissolved in deuteriated chloroform were recorded on the BRUKER AMX -400(BRUKER Instruments, Inc. Karlsruhe, Germany) Fourier transforms spectrometer operating at 100.6MHz. The gated decoupling pulse sequence was used with the following parameters. Number of scans
512, acquisition time 1.3665sec, pulse width 10.3µsec, delay time
1.0 sec. Free induction decay (FID) was transformed and zero
filled to 300K to give a digital resolution of 0.366Hz /point.

*Author for correspondence; dPermanent address
E.mail: temitopeakintayo@yahoo.com
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ELECTROLYTIC OXIDATION

OF

TETRA-

dehydrodimer. THC was oxidized by a similar mechanism in
the presence and absence of bicarbonate. A Bioanalytical
Systems BAS-100 Electrochemistry System was used for
voltammetry. The three-electrode cells used carbon paste
working electrodes (A = 0.08 cm2), a platinum counter electrode and, as reference a Ag / Ag+ (0.001 M acetonitrile solutions) was used. All working electrodes were disks surrounded
by an outer layer of insulating material. All potentials are reported vs SCE. Acetonitrile (ACS reagent - grade or spectrograde), and THC (Aldrich) were used as received. Solutions
were purged with purified nitrogen for 8 - 10 min prior to the
beginning of an experiment carried out at an ambient temperature of the laboratory, 25 ± 2° C (Haque 1989).

HYDROCARBAZOLE
Inam-ul-Haque*ab
a

Department of Chemistry, University of Engineering and Technology, Lahore - 54890, Pakistan
b

J-263, Defence Housing Authority Lahore-54792
Pakistan

(Received June 6, 2002; accepted January 1, 2004)

Electro-oxidation of THC in a strong base, potassium
methoxide in methanol, produces a series of dehyrodimers
having interesting stereochemistry and 13C dynamic N.M.R.
properties (Bobbitt et al 1986a). Electro-oxidation of 1 - carbomethoxy THC yields its 1 - methoxy derivative in 44% yield
(Bobbitt 1989). In aqueous acetonitrile containing LiClO4, THC
can be oxidized to a dehydrodimer in 60 - 90% yield. A two
compartment cell at + 0.7 V vs. SCE having graphite anode is
used (Bobbitt et al 1986b). Preparative anodic hydroxylation
of 1 - carbomethoxy THC and its 7 - methoxy derivative have
been reported (Rusling et al 1984). Related mechanistic investigations were also carried out (Rusling et al 1986). Characteristics of anodic normal pulse voltammograms for the monomeric indole alkaloids such as catharanthine, vindoline,
THC, its N - methyl derivative, aniline, p - chloroaniline, and
m - dimethylaminoanisidine, were described (Haque 1990).

For the electrochemical oxidation of THC, a saturated solution of solid NaHCO3 containing 0.2M lithium perchlorate in
equivolume aqueous - acetonitrile was investigated as an electrolyte, to determine whether THC is oxidized by a similar
mechanism in the presence and absence of sodium bicarbonate. From voltammetric and preparative runs, it appears that
THC is oxidized by a similar mechanism in the presence and
absence of sodium bicarbonate. There is a substantial increase
in the amount of dimeric product formed when sodium bicarbonate is present; this is probably due to the decreased acid
catalyzed decomposition of dimeric product.
This is suggested by examination of the voltammograms obtained during the electrochemical oxidation of THC. Fig 1(a)
shows cyclic voltammogram of 1mM THC at carbon paste
electrode in an equivolume aqueous-acetonitrile containing
0.2M lithium perchlorate but no sodium bicarbonate. Two
peaks appear in this voltammogram; first peak appears at a
potential of 0.51 V with peak current 25.0 µ A. Fig 1(b) shows
the voltammogram obtained for THC when sodium bicarbonate is added to the background electrolyte. A single peak
appears in this voltammogram at a potential of 0.39V and
25.0µA peak current. Time single peak suggests that electrolysis of the dimer is suppressed in the presence of sodium
bicarbonate. The cyclic voltammetric values of Ep for the first
peak, for the electro-oxidation of tetrahydrocarbazole, shifted
to more negative values as the concentration of the carbonate
was increased, with dEp / dlog [bicarbonate] = -17.9 mV. Since
neither a reliable acidity scale nor a suitable range of buffer is
available in the equivolume aqueous - acetonitrile used, qualitative information can be obtained by the assumption that
bicarbonate is acting as a proton acceptor. A value of -17. 9
mV / pH would be expected (Nadjo and Saveant 1973).

The mechanisms of electrodimerization of THC and N- methyl
THC were investigated using cyclic, linear sweep, normal
pulse and reverse pulse voltammetry at carbon paste and platinum electrodes in 10% aqueous - acetonitrile (Kulkarni et al
1982). Adsorptive / extractive accumulation of THC at carbon
paste electrode was used to improve the subsequent
voltammetric determination with respect to the sensitivity and
selectivity (Wang and Bonakdar 1985).
2,2,6,6 - Tetramethylpiperidine -1- oxonium tetrafluoroborate
was shown to react with THC to give, in the presence of water, the 4 - keto derivative (Bobbitt et al 1988). In the absence
of water, the oxidation of THC gave a mixture of dimers, probably derived from the Diels - Alder self condensation of 2,3dihydro-1H-carbazole (Bobbitt et al 1990).
A saturated solution of solid sodium bicarbonate containing
0.2M lithium perchlorate in equivolume aqueous - acetonitrile
was investigated as an electrolyte for the electrochemical oxidation of 2,3,4, 9-tetrahydro1H-carbazole, THC, to its 4a - 7'-

Fig. 2(a) shows large amplitude pulse voltammogram for THC
at carbon paste electrode in equivolume aqueous-acetonitrile
containing 0.2M lithium perchlorate. In this voltammogram

*Author for correspondence
b.Present address
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CULTIVATION OF PRAWN
CHINESE MAJOR CARPS

IN

POLYCULTURE

WITH SOME

SPECIES

OF

INDIAN

AND

M Y Mia
Brackishwater Station, Bangladesh Fisheries Research Institute, Paikgacha, Khulna-9280, Bangladesh
(Received March 15, 2002; accepted November 01, 2002)

The freshwater prawn Macrobrachium rosenbergii (de Man) was cultivated in polyculture with Indian and Chinese major
carps for two successive years. The densities of prawn were 6000,8000 and 10,000 juveniles / ha with a constant fish
density of 5,000 fish fingerlings / ha. The fish species were silver carp (35%), catla (15%), mrigal (20%) in the first year and
in the second year silver carp, catla, rohu, mrigal, grass carp and black carp in the ratio of 30:15:34:5:15:1, respectively.
Highest production of prawn and fish were 122 kg / ha and 4200 kg / ha / yr in the first year and 96 kg / ha and 3945 kg /
ha / yr in the second year. The low production of prawn might be hampered by the low temperature. However, cultivation
of prawn with Indian and Chinese major carps should be made in overwintering season and low prawn density should be
maintained in polyculture system of M. rosenbergii with fish.

Key words: Macrobrachium rosenbergii, Polyculture, Production and culture system.

Indroduction

polyculture can be improved through introducing prawn in
the system.

The freshwater prawn Macrobrachium rosenbergii. (de Man)
has a very high potential for aquaculture in Bangladesh. The
species has a number of advantages over many other crustaceans (Fujimura 1967, 1972 and 1974). It is a benthophagic
omnivore, which makes it a good candidate in the polyculturing system (Parameswarn et al 1977). Polyculture of M.
rosenbergii has been successfully investigated with Indian
and Chinese carps in many countries of the world (Malecha
et al 1981; Buck et al 1983; Wohlfarth et al 1985).

Materials and Methods
The study was conducted for two successive culture periods
from December to September and from November to July
and these two culture periods are called as first year and
second year, respectively. In the first year treatments were
carried out with or without prawn under some feeding and
fertilization situation with two replications of each, having
an area of 0.1 ha for each replications pond. The experimental design is given in Table 1.

Prawns are the valuable cash crop and its polyculture with
various species of fish has received considerable attention in
temperature climates. Polyculturing system of M. rosenbergii
with other fish species which are exclusively surface feeder
and mid-water feeder produces more crops by utilizing the
whole water body through improving the ecological stability
or possibly through redistribution of food without hampering
the growth rate of either the prawn or other fish species,
(Tunsutapanich et al 1982). In Bangladesh, polyculture of
M. rosenbergii with carp is a potential area of research at the
prevailing context of the carp polyculture system. This is
already an on-going practice in different places of Bangladesh
(Shah 1991). Presently, the practice is that the farmers stock
prawns and fishes without any scientific basis of stocking
density, the level being very limited and extensive. There are
thus enough scopes for improving the present practice through
scientific culture and management. With this end in view, the
study was undertaken to see how present system of carps

In the second year there were five different treatments each
with two replications. Out of the five treatments three
treatments (T1, T2 and T3) consisted of two different prawn
densities with a constant density of fish, the treatments were
tested with regard to two different feeds, viz., feed A and
feed B under the same fertilized situation. The treatments T4
and T5 were adopted as the means to compare the growth of
fish under the situation of fish with or without prawn under
the same two types of feeding conditions. Hatchery produced
seeds were used for the experiment. The experimental design
is given in Table 2.

Results and Discussion
The production of fish and prawn as well as total production
of each treatment for each year of trial are shown in Table 3.
From the first year production, it was seen that out of two
treatments, first treatment had given a production of 4,200 kg /

E-mail. aniqa1996@hotmail.com

107

Pak. J. Sci. Ind. Res. 2004 47(2) 112 - 117

A RTIFICIAL G ROUND F REEZING M ETHOD FOR S HAFT C ONSTRUCTION
MADDHAPARA HARDROCK MINE, BANGLADESH: MINIMIZATION OF ITS COST

IN

Chowdhury S Jahan*, Chowdhury Quamruzzaman, Quamrul H Mazumder and Talukder AHFMA Haque
Department of Geology and Mining, University of Rajshahi, Rajshahi 6205, Bangladesh
(Received October 23, 2002; accepted November 17, 2003)

The Korea South-South Cooperation Corporation (NAMNAM) used Artificial Ground Freezing (AGF) during 160 m
depth shafts (cage and skip) construction in the Maddhapara Hardrock Mining Project (MHMP). The freezing design
calculation for AGF operation showed that freezing wall thickness was satisfactory for both kaolin and sand layer at
existing vertical ground pressure. But after AGF operation freezing status revealed that the ice wall thickness in skip shaft
attained as per design, but in cage shaft the achieved thickness was more than the expected due to deviation from original
design for freezing hole by NAMNAM i.e., drilling of 31 freezing holes instead of 32 for cage shaft. The ice-wall bonding
had affected the whole rock mass of the inner diameter of cage shaft that became hard like rock, but this effect was not so
intensive for the skip shaft towards the inner portion and did not create any severe problem. As a result the cage shaft was
excavated with explosive (drilling blasting) involving additional time (3 months) and cost (US$1,51,866), which NAMNAM
could avoid by sinking an additional 160 m deep freezing hole during cage shaft construction with a cost of US$18,045 and
thus saving a total of US$1,33,820 for the whole operation in MHMP.

Key words: Artificial Ground Freezing, Maddhapara Hardrock Mine, Cost effectiveness.

Introduction

2000). The weathered portion is divided into weathered layer
in the lower part, and impervious kaolin layer in the upper part.
Tertiary Dupi Tila Formation, Tura Formation and Permian
Gondwana Group lie above the Basement and form porous
aquifer with 26°C temperature at the top and 31°C at the bottom, and hold non-pressure gravitational water that infiltrate
into it. Impervious Madhupur Clay overlies the porous aquifer.

Freezing is reliable, safe and cost - effective approach for the
development of mine and civil engineering construction within
the water bearing zone for the protection of water leakage from
aquifer, especially to counter the tendency of seepage and
collapse of the side wall (Harris 1995). Artificial Ground Freezing (AGF) method was used for the first time in 1862 for a
mineshaft construction in Swansea in South Wales and is
widely used till today for ground freezing without affecting
the water table or the quality of ground-water.

Keeping in mind hydrogeological and engineering properties
of the formations, AGF method was used for sinking cage and
skip shaft, which is the first experience of this kind in
Bangladesh. The period of construction as per schedule for
the skip and cage shafts was 3 months. The construction of
skip shaft was completed as per schedule, but additional 3
months were needed for the cage shaft construction involving additional cost of manpower, pneumatic air, explosive per
shift per hole and power, which was not considered in the
project proposal. So, the study on the AGF for shaft construction in MHMP is carried out to authenticate the financial involvement in shaft construction after practical experience.

In 1974 - 1976, the Geological Survey of Bangladesh (GSB),
based on the results of geophysical prospecting, located
dome-shaped body of Archean Basement of the Indian Platform of granodioritic composition in the Maddhapara area at
the shallowest depth of 128 m from the surface. The Korea
South-South Cooperation Corporation (NAMNAM) of the
Democratic People’s Republic of Korea came into contract
with the Petrobangla (Bangladesh Oil, Gas and Mineral Corporation) in 1994 for the development of underground hardrock
mine in Maddhapara. Then, Maddhapara Hardrock Mining
Project (MHMP) came into existence with annual production
target of 1.65 million ton of rock. It is the first experience of
hardrock mining and the second major mining project in
Bangladesh (Fig 1).

Experimental
Shaft sinking by AGF method in MHMP. Two types of
vertical shafts were constructed; cage shaft for transporting
class locomotive and mine car for man and material lifting, and
skip shaft for lifting 1.65 million tons of rock a year. Polish
double-step compression of refrigerant plant was used for

The Basement Complex has two units; fresh and weathered.
The fresh rock forms the fissure artesian aquifer (NAMNAM
*Author for correspondence
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NATURAL PROTEIN FORTIFICATION OF CASSAVA (MANIHOT ESCULENTA, CRANTZ)
PRODUCTS (FLOUR & GARI) USING BAKER’S YEAST SOLID MEDIA FERMENTATION
G Oboh and A A Akindahunsi*
Biochemistry Department, Federal University of Technology, Akure, Nigeria
(Received 22 March 2001; accepted 17 December 2002)

In an attempt to enhance the nutritional quality of cassava products (flour & gari), Baker’s yeast was used in the
fermentation (solid media) of cassava pulp. The mash obtained was subsequently processed into flour and gari (the forms
in which cassava products are popularly consumed in Nigeria) and analyzed. The protein (flour, 10.90%; gari, 6.30%) and
fat (flour, 4.50%; gari, 3.00%) contents of the products were high. Conversely, the tannin (flour, 0.2%; gari, 0.1%) and
cyanide (flour, 9.5mg / kg; gari, 9.1mg / kg) contents were low, though, the cassava flour had higher protein, fat, tannin and
cyanide contents than gari. The results indicated that Baker’s yeast, a cheap and non-pathogenic saprophyte, could be used
in enhancing the nutritional potentials of cassava products by increasing nutrients (protein and fat) and decreasing antinutrient
contents (tannin and cyanide). However, nutrient increase was higher in cassava flour while the antinutrient decrease was
higher in gari.

Key words: Baker’s yeast, Protein, Fat, Tannin, Cyanide, Cassava products.

Introduction

Chemicals Limited, Poole, England. In addition, glass
distilled water was also used.

Cassava is often considered an inferior food because the
tuber is low in protein, essential minerals and vitamins
(Onwueme 1978; Aletor 1993). However, in many cassavagrowing areas, its use as food helps to alleviate problems
of hunger and thus, its importance in terms of food security
in these areas cannot be over emphasized (Aletor 1993).
The processes for upgrading the protein value of cassava
using solid substrate fermentation have been developed
in some countries such as Canada where Aspergillus
fumigatus has been used (Read and Gregory 1975) and
Burundi (Vlavonou 1988) and Nigeria (Akindahunsi et al
1999a) where Rhizopus oryzae was used in enriching
cassava product with protein. This study is a continuation
of our study on nutrient enrichment and detoxification of
cassava products using cheap, non-pathogenic and saprophytic fungus, Saccharomyces cerevisae.

Cassava tubers were peeled, crushed, and pressed using
hydraulic press. The pressed pulp was later subjected to
fermentation (Vlavonou 1988). Pure strain of Baker’s yeast
was sub-cultured and inoculated (1:100) into 1kg of the mash
(cassava pulp) as the starter culture and 730ml nutrient
solution containing urea (80g), MgSO4. 2H2O (7g), KH2PO4
(13g) and citric acid (20g) and then allowed to ferment for 3
days. The product obtained was subsequently, processed
into flour and gari. The gari was produced by pressing the
fermented pulp by using a locally fabricated mechanical press
and then fried in a hot metal dish to gari (Adewusi et al 1999).
Sample analysis.The proximate composition (ash, fat, crude
fibre and carbohydrate) of the micro-fungi fermented cassava
products was evaluated using the standard AOAC (1984)
method and the protein content was determined using the
Micro-Kjeldhal method (N x 6.25). The tannin content was
determined using Makkar et al method (1993) while the
cyanide content was determined using the method of De Bruijn
(197I). The Na, Zn, Ca, Mg, K and Fe contents were determined on aliquots of the solutions of the ash by established
Flame Atomic Absorption Spectrophotometric procedures
using a Perkin-Elmer Atomic Absorption Spectrophotometer
(Model 372) (Perkin-Elmer 1982).

Materials and Methods
Cassava tubers were collected from the Research farm of
the Federal University of Technology, Akure, Nigeria. The
chemicals used, sodium hydroxide, sulphuric acid,
potassium dihydrogen phosphate, citric acid and
magnesium sulphate pentahydrate were the products of
Eagle Scientific Limited, Nottingham, England, while the
urea, tannic acid, ferric chloride and ammonium thiocyanate
and petroleum ether (40-60°C) were the products of BDH

Analysis of data. The data were analysed by students t-test
(Zar 1984).

*Author for correspondence; E-mail: aakin@stremco.net
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ISOLATION, CHARACTERIZATION AND STUDY OF MICROBIAL ACTIVITIES OF THE
BRAIN LIPID AND CHEMICAL ANALYSIS OF THE BRAIN OF BAGHDA CHINGRI
(Penaeus monodon) OF THE BAY OF BENGAL
M Helal Uddin a, M A Majid * a, A C Mistry a and M A Manchur

b

a

Department of Chemistry, University of Chittagong, Chittagong 4331, Bangladesh

b
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(Received December 17, 2002; accepted October 4, 2003)

The brain lipid of Baghda chingri (Penaeus monodon) was extracted and characterized with respect to various physical and
chemical constants and compared with those of standard oils and fats. Thin layer chromatographic (TLC) and gas liquid
chromatographic (GLC) investigation of the lipid showed the presence of myristic, palmitic, stearic, oleic, linoleic, arachidic
and some other unidentified fatty acids. The microbial activities of the lipid were investigated. Nitrogen, phosphorus,
potassium and calcium contents of the total brain containing the lipid were determined.

Key words: Lipid, Chingri, Polyunsaturatted fatty acid (PUFA), TLC, GLC.

Introduction

its physico-chemical and microbial characteristics including
the chemical analysis of brain.

Bangladesh earns substantial amount of foreign exchange by
exporting shrimps prawns and lobster to many countries of
the world including USA, UK and Japan. Processing of these
is associated withe expulsion of head and brain. Literature
survey (Endinkeau and Kiew 1993; Gutierrez and Da Silva 1993;
Heyden 1994; van Schacky et al 1999, Harper and Jacobson
2001; Bucher et al 2002; Holub 2002) shows that fish lipids
including brain lipids of shrimps and prawns contain pharmaceutically important and physiologically active ω-3 and ω-6
unsaturated fatty acids, which play an effective role in reducing cardiovascular problems. This phenomenon has attracted
investigators to analyze fish lipids of both marine and fresh
water origins for polyunsaturated fatty acids (PUFA). Lovern
(1953) has found that PUFA are present in high ratios in lipids
of marine fish of which acids of ω-3 configuration are predominant Bang and Dyerberg (1975) studied the dietary habits of the Eskimos, based on fish oils containing higher proportion of PUF As dominated by ω-3 fatty acids. Both ω-3
and ω-6 fatty PUFAs have been found to inhibit the biosynthesis of cholesterol in liver (Murray et al 1990). These essential fatty acids constitute integral part of nervous tissues in
the brain as complex lipid. The exportable marine species from
Bangladesh, Baghda chingri (Penaeus monodon) is remarkable from demand point of view. The present investigation is
concerned with the isolation of the brain lipid of Baghda chingri
with a view to find out the PUFAs presence in it and studying

Experimental
The lipid was extracted from the brain of Baghda chingri by
Bligh and Dyer method (Gurr and James 1977) using chloroform: methanol (2:1, v/v). The extract thus obtained was dried,
free of solvent first by rotary evaporation and finally by blowing a slow stream of nitrogen gas. The yield was 25%. The
refractive index, moisture, crude fat, crude fibre and ash contents of the lipid were determined by standard methods
(Ranganna 1991). Saponification value, saponification
equivlent value, acid value and percentage of free fatty acid
(as oleic), iodine value, acetyl value (Griffin 1972), peroxide
value (Morris 1965), thiocyanogen value, Reichert - Meissl
value and Polenske value (Ranganna 1991), Henher value,
Elaiden test result (Das 1989) and the quantity of unsaponifiable matter (Williams 1966) of the lipid were determined by
standard methods.
The fatty acid mixture was prepared from the lipid sample,
which was then converted into corresponding methyl esters
by proper treatment with methanolic solution of sulphuric acid
and purified (Loury 1966 and 1967; Mangold and Kammereck
1961). Thin layer chromatographic separation was made
using thin layer of silica gel as the stationary phase and petroleum ether: ether (80:20, v/v) as the mobile phase. The separation of methyl esters depending on Rf values was visualized
by spraying with a 0.2% ethanolic solution of 2,7-dichlorofluo-

*Author for correspondence
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RESPONSE OF A COTTON CULTIVAR TO SULPHUR FERTILIZATION
M I Makhdum* and M N A Malik
Central Cotton Research Institute, Multan, Pakistan
(Received May 24, 2002; accepted November 13, 2003)

Field experiments on sulphur fertilization in cotton cultivar CIM-109 were carried out at Central Cotton Research Institute
Multan, Pakistan, in silty loam soils. The treatments consisted of four sulphur doses (0, 7, 14, 28 kg ha-1) and two sulphur
sources (gypsum and ammonium sulphate). Sulphur fertilization showed significant increase in seed cotton yield, boll
number and boll weight. The addition of 7 kg S ha-1 seemed sufficient to overcome deficiency in silty loam soils for
optimum cotton production. There were no differences in seed cotton yield due to sulphur sources. The petiole sulphatesulphur concentration increased with increasing doses of sulphur fertilizer. The concentration of SO4−S > 2000 ppm
seemed sufficient for normal cotton growth and optimum seed cotton yield.

Key words: Sulphur fertilization, Fruit production, Petiole NO3−N, Petiole SO4−S, Fibre quality, Seed cotton
yield.

Indroduction

ton response to sulphur fertilization on its growth yield and
fibre qualities.

Sulphur deficiency is increasing due to the adoptation of high
yielding varieties, intensive cultivation and use of high analysis sulphur free fertilizer throughout the world. The increased
occurrence of sulphur deficiency is attributed to the exhaustive cultivation of oilseed crops. In general, soils in the Punjab
have enough sulphur to cater for plant needs, but 25% of
cultivated area has SO4−S less than 10 mg kg-1 of soil, which is
critical threshold for most crops (Ahmad et al 1992).

Materials and Methods
Experiments were conducted on silty loam soils for two seasons 1998-2000 at Central Cotton Research Institute, Multan,
Pakistan. Soil samples were collected before sowing from the
plough layer of experimental sites and analysis carried out as
per methods described by Klute (1986) and Page et al (1982).
These soils have pH of 8.37, organic matter 0.4% NaHCO3
extracted phosphorus 14 mg kg-1 of soil and NH4OAc extracted potassium 220 mg kg-1 of soil.

Total sulphur requirements of cotton may approach the level
of phosphorus. Cotton absorbed 12-15 kg ha-1 of sulphur and
for adequate nutrition 0.2% SO4−S was desired in cotton petioles and leaves during mid-season (Mitchell and Baker 1997).
Cotton requires a continuous supply of external sulphur for
normal growth. Proteolysis hardly occurs during sulphur starvation of cotton plant (Mengel and Kirkby 1978). Experiments
conducted in Malawi (Mathews 1972) and elsewhere
(Makhdum et al 2001) showed significant increase in seed
cotton yield due to sulphur fertilization. A sulphur dose of 22
kg ha-1 gave higher seed cotton yield than control. Cotton
growers in South Carolina invariably add 11 kg ha-1 of sulphur
to obtain maximum cotton yield (Messick 1992).

Sulphur from soil was extracted using 0.001M CaCl2·2H2O
solution as an extraction agent. Plant leaf samples were washed
with distilled water, dried at 70°C, ground and digested in acid
mixture (HNO3 and HClO4). Analyses were conducted by the
turbidimetric method with BaCl2.2H2O; readings were taken
using a spectrophotometer at 470 mm (Verma et al 1977). Sulphate values in experimental plots ranged from 11 to 13 mg kg-1
of soil at the time of planting cotton.
Cotton cultivar CIM-109 was planted in early June at a spacing of 75 cm between rows and 30 cm between plants. The
layout of experiment was randomized complete block design
with four repeats. The area of each plot was 105 m2. Sulphur
was applied in the form of gypsum and its doses consisted o
0, 7, 14 and 28 kg S ha-1, all broadcasted and incorporated in
the soil at the time of seed bed preparation. An additional
treatment of ammonium sulphate was included for gypsum
comparison and its dose consisted of 28 kg S ha-1. All experimental units received nitrogen and phosphorus. Nitrogen was

Fertilizers which contain sulphur as a combining ingredient
are being replaced with high analysis fertilizer that are low in
sulphur. Crop intensity has increased and determined cotton
cultivars which develop nutrient demands more rapidly are
common in culture. Taking into account these factors sulphur
deficiency is likely to occur in context of prevailing cropping
systems. Experiments, therefore, were conducted to test cot*Author for correspondence.
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ANTIULCER EFFECT OF ARTEMISIA ABSINTHIUM L. IN RATS
Nusrat Shafi*, Gul Akhtar Khan and Ejaz Gul Ghauri
Medicinal Botanic Centre, PCSIR Laboratories Complex, Jamrud Road, Peshawar - 25120, Pakistan
(Received October 9, 2002; accepted December 9, 2003)

The extracts of Artemisia absinthium induced a significant decrease in volume of gastric juice, acid output and peptic
activity but no effect was determined on mucin activity in acetylsalicylic acid (ASA) ulcerated rats. Moreover, they
decreased the ulcer index significantly. Phytochemical analysis indicated the presence of saponins and glycosidic sugars in
the extract.

Key words: Artemisia absinthium, Antiulcer activity, Saponins.

Introduction

Preparation of extracts and fractionation. The air dried

Plants and plant products have served mankind as medicines
since ancient times. The use of herbal medicines and herbal
products constitute a large portion of consumers choice and
continue to rise in popularity all over the world (Sanyal et al
1964, 1965, 1971, 1982; Elliot and Heward 1976; Al Habbal et al
1984; Blum 1985; Geol et al 1985a, b & c, 1986; Lorincz 1994;
Shalita 1995; Priest 1995; Rowe 1998). Artemisia absinthium
L., a member of the Asteraceae family, has long been used in
traditional system of medicine in Pakistan and it is reported
to possess well-marked antipyretic and tonic properties
(Ikram et al 1987). Its oil is produced commercially and used
as a tonic. It has stimulating effect on the digestive organs
(Manjunath 1948). Keeping in view, the folkloric use of plant
species in the indigenous system of herbal medicines, different semi pure extract were tested for their antiulcer effects
on acetylsalicylic acid (ASA) induced ulcers in rats. In addition the effects on volume of gastric juice, acid output, peptic
activity and mucin activity were also studied to evaluate the
action of these extracts.

powdered plant material (2.0 kg) was cold percolated with 95%
ethanol (three times). The combined alcoholic extracts were
concentrated under reduced pressure. The crude extract thus
obtained was defatted with hexane. The defatted material was
then extracted successively with chloroform and carbon tetrachloride. The fraction finally obtained (in 3.75% yield) was
dissolved in methanol and then passed through a charcoal celite column to remove the coloring matter. Thin layer chromatography (TLC) of the mixture was carried out in the solvent systems ethylacetate and formic acid (1.0:0.1), chloroform, methanol and water mixture in the ratios of (65:35:10;
70:30:10 and 70:30:5) which showed the presence of six components. For visualizing the spots, the detection reagents used
were SbC13 in CHC13 (15%) and anisaldehyde (0.5 ml) +EtOH
(9 ml)+ H2SO4 (0.5 ml), followed by heating at 60 -70°C for 5 min.
The crude saponin mixture was separated into five purified /
semipurified fractions by chromatography on silica gel, eluting with chloroform and chloroform - methanol mixtures. Solvents were removed in vacuo and each of the eluent was
examined for its antistress activity.

Phytochemical screening. Tests for the presence of alka-

Materials and Methods

loids, glycosidic sugars, free sugars, anthraquinones and saponins in each eluent were carried out by reported standard
methods (Siddiqui and Ali 1997).

Artemisia absinthium L. was collected in July, identified and
authenticated from the herbarium specimens of Peshawar
Laboratories. Voucher specimens were preserved and catalogued in the said herbarium. The plant material was shade
dried, powdered and stored carefully. All the solvents and
chemicals used were of analytical grade. Acetylsalicylic acid
was purchased from the local market. For TLC, precoated silica
gel, G 60, F 254 plates (0.2mm thick, Merck) were used.

ASA - induced gastric ulceration. This assay was conducted in accordance with the modified method of Geol et al (1985).
The animals were divided into three test groups, each group
contained six animals, while the untreated control group contained 10 animals. The control (ulcerated) group was given
oral dose of aqueous suspension of ASA (200 mg / kg) in 1%
carboxymethylcellulose (CMC). Aqueous extracts of Artemisia absinthium were administered orally at the dose of 5 mg /
kg 3 h prior and 3 h after ASA treatment for three days. The

Animals. Sprague-Dawley albino rats of either sex, weighing
200 ± 4g and housed under standard conditions, were used.
*Author for correspondence.
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AN ECO - FRIENDLY APPROACH FOR THE MANAGEMENT OF NEMATODES ASSOCIATED
WITH CHILLI
Aly Khan a*, Fatima Qamar b, S S Shaukat c and A H Jaffry a
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This investigation focuses on the effects of three organic amendments namely Fertinemakil and sugarcane bagasse alone or
in combination on the population density of three nematode species and yield of chilli. For the purpose of comparison, a
chemical nematicide carbofuran was also used. Population densities of Helicotylenchus indicus, Tylenchorhynchus curvus
and Meloidogyne spp. (J2) were markedly reduced by the treatments. Yield of chilli was increased significantly over the
control by all treatments except sugarcane bagasse alone. However, highest yield was obtained in carbofuran treatment.

Key words: Nematodes, Fertinemakil, Sugarcane bagasse, Control, Chilli, Capsicum annuum.

Introduction
Chilli (Capsicum annuum L.) a cash crop grown in all the four
provinces of Pakistan is affected by a number of diseases
caused by fungi, bacteria, virus and nematodes.

the nematicidal effect of Fertinemakil (a pesticide containing
neem cake and a fungicide produced by PCSIR Laboratories
Complex, Karachi), sugarcane bagasse alone or in combination
for the control of nematodes associated with chilli. For
comparison a systematic nematicide Carbofuran was used.

Yield loss can be substantial in fields heavily infested with
nematodes and in warmer region damage can be amplified by
secondary pathogens.

Materials and Methods
The experiment was conducted in a field of Crop Diseases
Research Institute, PARC, University of Karachi, Karachi.

Nematicides that are being used for the control of plant parasitic nematodes are costly and can cause environmental pollution. Organic amendments such as plant materials are safe
to use and also effective against plant nematodes (Akhtar and
Yadav 1990; Gupta and Kumar 1997; Ramakrishnan et al 1997;
Khan et al 2001; Shaukat and Siddiqui 2001). Therefore, efforts
are being made to study different organic amendments for the
control of nematodes associated with various crops. Recently,
Khan et al (2001) reported the efficacy of three organic amendments including pigeon manure, poultry manure and saw
dust on the populations of Tylenchorhynchus curvus, Helicotylenchus indicus and Meloidogyne spp.

This experiment was conducted using a randomized complete
block design with four replications. The microplot size was
1 m2. The initial populations of Helicotylenchus indicus,
Tylenchorhynchus curvus and Meloidogyne spp. (J2) larvae
were 140, 76 and 18/100 ml soil, respectively. These three
species constituted 90.0% of the total nematode population.
The soil was tilled three times within a month so as to facilitate
the release of any residual effect prior to treatments. Six weeks
old seedlings were transplanted in the third week of March
2001 in microplots. The treatments applied in this study were:
Fertinemakil 800 kg/ha, sugarcane bagasse 800 kg/ha,
Carbofuran 10 kg/ha, Fertinemakil + sugarcane bagasse and
control. All treatments were applied in accordance with the
recommendations of Plant Protection, Pakistan. The harvest
of chilli was done from June to September 2001. Initial nematode
population was determined one week before treatment and
final at the time of last harvest in accordance with Cobb’s
(1918) method using a composite root and soil sample from
each microplot.

Khan and Shaukat (2001) studied effect of castor, neem and
mustard oil - cakes on nematodes associated with chilli namely
Helicotylenchus indicus, Pratylenchus thornei and
Meloidogyne spp. Population densities of the nematodes
were effected by the organic amendments to varied extent.
Comparatively, castor oil - cake caused greatest reduction in
nematode population. The present investigation deals with
*Author for correspondence

135

Pak. J. Sci. Ind. Res. 2004 47 (2) 138 - 141

MICROBIAL SIDE - CHAIN DEGRADATION OF PROGESTERONE II. APPLICATION OF
DIFFERENT TECHNIQUES FOR PROGESTERONE CONVERSION BY FUSARIUM DIMERIUM
Nehad Z Adham a, Osama M El - Tayeb b, Abdel - Gawad M Hashem b, Heba El - Refai a and Lotfy A Sallam a*
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A local isolate of Fusarium dimerium, firstly reported to be able to degrade progesterone side chain to give certain C-19
androgenes derivatives, proved to perform this important conversion more efficiently adopting the cell immobilization
technique. Thus, relatively more amounts of Androst - 4 - ene - 3, 17 - dione (AD), Testololactone (TL) (major products)
as well as, Testosterone (T), Androsta - 1,4 - diene 3, 17 - dione (ADD) (minor products) were recorded after 72 h using
2% Ca - alginate immobilized fungal cells. Relatively lower bioconversion rates were achieved when the bioconversion
process was carried out in top - laboratory fermentor using free cells of the promising fungus.

Key words: Fusarium dimerium, Progesterone, Bioconversion.

Introduction

the top - lab fermentor in the bioconversion process was also
carried out.

Microbial side - chain degradation of steroids has become an
important transformation process for the production of 17 ketosteroid intermediates, such as androsta - 1, 4 - diene - 3, 17
-dione (ADD) and androst - 4 - ene - 3, 17 dione (AD) (Imada et
al 1981). Much attention has been focussed upon the transformation of steroids by immobilized microbial cell (Atrat 1982;
Kolot 1982; Koshcheyenko et al 1983; Rehm and Omar 1993;
Gemeiner et al 1994; Manosroi et al 1999).

Materials and Methods
Microorganism and culture conditions. Fusarium
dimerium used as an experimental organism in this study was
obtained from the centre of Plant Pathology Department,
National Research Centre (NRC), Cairo, Egypt. The fungus
was maintained on a medium composed of (g / l) glucose,
40; peptone, 1; yeast extract, 1 MgSO4.7H2O, 1; KH2PO4, 0.7;
L - asparagine, 0.70; agar, 20 (Kinawy 1974). The same composition (except agar) was used as a liquid fermentation
medium.

Immobilization of whole microbial cells has gained considerable interest, mainly due to the possible industrial applications.
The utilization of immobilized cells as industrial catalysts could
also be advantageous when compared to traditional fermentation procedures for several reasons:
1)
2)
3)
4)

Immobilization technique. F. dimerium cells were entrapped
in 2% Ca alginate as described by El - Diwany et al (1992),
then standard weight of 2% Ca - alginate pellets was suspended
in 50 ml 0.05 M tris HCI buffer (pH7) containing 0.7% NaCI
and 0.02% Tween 80, in a 250 ml Erlenmeyer flasks. Progesterone (5 mg / 50 ml buffer) was then added as ethanolic
solution and the flasks were agitated on a reciprocal shaker
(150 rpm) at 30°C for certain time.

Immobilized microorganisms permit easy separation of the
products.
They are reusable and suitable for continuous or repeated
batch operation allowing better process control.
Immobilized cells and in particular, entrapped ones are
less susceptible to microbial attack.
Pollution effects e.g. the problem of disposal of spent cell
mass, are less pronounced with immobilized cells.

Utilization of free fungal cells. The bench top chemostat
C32 “Bioflo” standard 2 litres vessel was used. One litre of the
fermentation medium (Adham et al 2002) was sterilized, then
inoculated with 20 ml of the standard fungal suspension. The
fermentation was conducted at 30°C, agitation speed 200 r / min,
aeration rate 1 / v / v / mm, initial pH 7, and exhaust gas escaping was applied under gauge pressure 17 cm water column for
72 h, progesterone was then added as solution in 96% ethanol

Due to these facts the present investigation was mainly
designed to evaluate the efficiency of applying the immobilization techniques in the bioconversion of progesterone into
C - 19 derivatives by F. dimerium. Moreover, the utilization of
*Author for correspondence
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Phytochemical screening of the non-alcoholic extract of Prunus armeniaca has revealed the presence of a triterpenoid
belonging to Ursane / Oleanane series and a steroid alongwith its glucoside for the first time from this source. Structures
1
13
were confirmed by spectroscopic methods, using IR, H-NMR, C-NMR and Mass spectra.

Keywords: Prunus armeniaca, Fruits, Steroidal glycosides and a triterpenoid.

Karachi. The fruits were percolated with methanol at room
temperature for 15 days (3x5 extractions), methanolic extract
was concentrated and the residue obtained upon concentration was treated with n-hexane whereupon a white gummy
solid separates out leaving behind n-hexane extract (1).
Methanol soluble filtrate was further extracted with ethyl acetate and butanol saturated with H2O. Ethyl acetate extract
was evaporated and labelled as extract (2).

Introduction
Prunus armeniaca is a member of family Rosaceae and Genus
Prunus. It is commonly known as Apricot (English) and
Zardalu in urdu. Apricot is normally found in areas of higher
altitudes. The fruit is very popular, besides being a table fruit
apricot is also employed in making jams and nector. In Pakistan, it is cultivated in the inner valleys of Baluchistan and
Kashmir from the plains to 12,000m (Baquar 1989). Prunus
species are reported to have antipyretic and leucodermatic
activity in the treatment of leprosy. Apricot kernel oil closely
resembles almond oil and employed as an adulterant or substitute for it. It is also used in medicine for earache and in
variety of ailments (Chopra 1956, Gupta 1969). The kernel is
used as an expectorant and a remedy for dry throat, laryngitis,
lung diseases and abscesses. It is regarded as bechic,
depurative, sedative for the respiratory centre, tonic and antispasmodic, a remedy for severe colds and bronchial asthma.
In Indo China a special preparation of the fruit is chewed but
not swallowed to protect the bronchial tubes from cold during
winter (Lily 1980).

The compound isolated from non-alcoholic (hexane) fraction of the fruit was identified as α-amyrin acetate. Two other
compounds were obtained from ethyl acetate fraction (nonalcoholic) and were identified as Stigmasterol and Stigmasterol glucoside.

Results and Discussion
The separation of compounds was achieved by column chromatography followed by preparative TLC and fractional crystallization. The compound generally belonged to Oleanane/
Ursane series (Fourneau and Hocquemiller 1996) and sterol
derivatives (Jamshed and Fazal-ur-Rehman 1991) reported first
time from this source.

Triterpenoids/steroids are the compounds of wide occurance
and structural diversity, which have always attracted attention, and their pharmacological activities. Keeping in view the
biological / pharmacological importance, present studies were
undertaken on this plant to carry out the isolation and structural studies of such compounds. Plant aqueous ethanolic
extract also showed antibacterial activity, which is under
process.

Compound 1: It was eluted with pet ether-benzene 70:30, a
white waxy solid gave Leibermann’s burchard test positive.
On re-crystallization with chloroform-methanol gave a white
crystalline compound melting at 219-222°C, showing mo+
lecular ion peak, M at m/z 468 (C32H52O2) and a base peak
m/e at 218.The base peak at 218 indicated the presence of
α/β amyrin type of compound and arise due to retro DielsAlder fragmentation. The fragment at m / z 203 and 189 arises
from 218 fragment due to the loss of (M-CH3) and (-CH2CH3).
Its IR spectrum showed absorption at 2910, 2870 cm-1due to
CH stretching and 1735 (C=O), 1245 cm-1 (C-O), a sharp singlet at 1735 and 1245 cm-1 due to C-O single bond confirming

Materials and Methods
Plant material (2kg) fruits were purchased from local market,
Karachi and verified by Botany Department, University of
* Author for correspondence
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EFFECT OF SELECTED FOOD ADDITIVES
DURING SOAKING

ON

PHYTIC ACID CONTENT

OF

SOYBEAN

Muhammad Shahnawaz*a, Alam Zeb a and Tariq Umar Khan b
a

PCSIR, Sadpara Road, Skardu, Northern Areas, Pakistan

b

Department of Food Science & Technology, NWFP Agricultural University, Peshawar, Pakistan

(Received November 9, 2002; accepted March 3, 2004)

The effect of food additives of sodium chloride (NaCl) and sodium bicarbonate (NaHCO3) was studied on the hydrolysis of phytic acid in soybean, soaked in water and in solutions of pH4 and 6 at 30 °C for 6 and 12 h. Four varieties of
soybean V1 (B1-080/36), V2 (AGS-62), V3 (G1-0031) and V4 (EPPS) were selected. The amount of phytic acid in V1,
V2, V3, and V4 of soybean was 12 mg, 11 mg, 13 mg and 12.5 mg/g respectively. Soaking of soybean flour for 6 and
12 h in water and in pH 4 and 6 solutions have significantly reduced (P < 0.05) the levels of phytic acid. The effect of
pH 6 solution was most effective, while the effect of water and pH 4 was similar in lowering the phytic acid in soybean.
The presence of mixed food additives (1% NaCl + 2% NaHCO3) in water, and pH 4 and 6 solutions, reduced the level
of phytic acid in soybean to 38%, 52% and 56% for 6 h, and 48%, 55% and 68% for 12 h in respective solutions. It was
observed that soaking of soybean flour in pH 6 solution in the presence of NaCl and NaHCO 3 phytase enzyme of the
flour is well activated to hydrolyse phytic acid. These results suggest that soaking with sodium chloride and sodium
bicarbonate can reduce the phytic acid in soybean flour. This treatment can improve the nutritional value of the
soyabean flour, which is used in various food products of dairy and confectionery etc.

Key words: Food additives, Phytic acid, Soyabean, Soaking.

Introduction

They are spherical, elongated, or oval in shape. Soybean originated in China, where records of it go back to 2838 B.C. and it
was spread to other parts of the world very late. The present
commercial soybean cultivars were introduced in Pakistan in
early of the year 1960 from the USA for experimental purposes. Cultivation of soybean on a commercial scale in the
province of NWFP was reported in the years of 1970 - 1971, in
Sind province in 1975 - 1976, and in Punjab province in 1983.
In the province of Balochistan, it is still in the experimental
stage. The total production of soybean in Pakistan is 7228
tones and in NWFP 6410 tones (Agriculture Statistics of
Pakistan, 1994 - 1995).

Legumes are the important source of dietary protein for the
large segment of the world population, especially in areas
where use of animal protein in human diet is limited due to its
non-availability, or cultural and religious constraints. In addition to protein, legumes also provide energy, minerals, and
some vitamins. The quality of protein depends on their amino
acids composition and legumes are generally rich in lysine,
threonine, valine, leucine and isoleucine. This pattern of amino
acids in legumes increases their importance as a supplement
for cereal diets, which are usually deficient in lysine (Mtenga
and Sugiyamma 1974). In plants, number of chemical compounds are synthesized which can adversely affect the quality of plant products used as human and animal food. One of
the most important of such anti-nutritional factors is the phytic
acid, which occurs in cereals, legumes and oilseeds. The presence of phytic acid decreases the bioavailability of many
essential minerals and protein (Maga 1982).

To improve the nutritional quality of soybean by elimination
the anti-nutritional factors, the influence of food additives of
sodium biocarbonate and sodium chloride in soaking was
studied on phytic acid in soybean flour soaked in water and
various pH solutions at 30°C for different times.

Chemistry of phytic acid.The utilization of protein in

Soybean is a leguminous crop extensively grown for the production of edible oils and proteins. The soybean belongs to
the family Leguminoseae, subfamily Papilionoideae, and the
genus Glycine. Soybean seeds vary in color from yellow, green
or brown to black, and are either solid colored or bi-colored.

human body depends on the quality of protein that is the
presence of essential amino acids, digestibility and anti-nutritional factors including phytate. Phytic acid is the normal constituent of cereals and leguminous seeds and usually occurs
in the form of phytate. This represents a complex class of
naturally occurring compounds that can significantly influ-

*Author for correspondence
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LEAF MODIFICATIONS TO QUANTIFY YIELD, EARLINESS
GOSSYPIUM HIRSUTUM L.

AND

FIBRE TRAITS

IN

Mohammed Jurial Baloch
Cotton Research Institute Sakrand, District Nawabshah, Sindh,Pakistan
(Received June 1, 2002; accepted March 9, 2004)

Ten BC4 : F2 back-cross derived near-isolines developed from ten different cross combinations, differing in only leaf
shape i.e. Normal, Okra, Sub-okra and Super-okra were compared for quantifying their yield, earliness and fibre traits.
Sub-okra leaf cotton (Lu2) was observed as an appropriate replacement for the normal leaf to improve the traits. Subokra types in all the combinations were superior for most of the traits. On an average over the populations, Sub-okra
gave 19.7% higher yield, 1.5% earliness, 4.7% longer fibre and 2.1% more uniform fibre than the normal leaf isolines.
Nevertheless, Sub-okra ginned and gave equally better fibre strength with the normal leaf. Yield, earliness, longer and
uniform fibre superiority of Sub-okra leaf cotton over the normal leaf coupled with established insect resistance of
modified leaves suggested that the potentiality of mutant leaves be exploited in future breeding programmes.

Key words:Leaf modifications, Fibre and earliness characters, Gossypium hirsutum L.

Introduction

equal in lint %, also produced longer, stronger and equally
uniform and fine fiber. It appears that there is a room for comparing all the leaf types simultaneously and observe their
potentiality over the normal leaf. The present study was carried out to evaluate yield, earliness and fibre differences of
genetically similar (BC4 : F2) isolines of each Okra, Sub-okra,
Super-okra and normal leaves produced by the backcross
breeding method (Burton 1966).

Very little effort has yet been put to breed cotton for more
open canopy types. However, in the recent past, emphasis are
being diverted to breed cotton with modified leaf shape
BH - 41 is the only Okra leaf type bred and released in Pakistan. Advantages of using open-canopy (Okra, Sub-okra and
Super-okra) cotton are numerous as reported by several workers. Jones (1982) summarized their earliness and pest resistance, whereas, Landivar et al (1983), using model studies,
characterized that under favourable moisture conditions, leaf
shapes other than the normal might produce higher yields.
Wells et al (1986) reported that Sub-okra leaf canopy photosynthesis was 7.0% greater than that of normal leaf near-isolines and is one of the causes for increased yields associated
with Sub-okra leaf trait. Meredith (1984), using F3 bulk hybrid
populations of Okra (LO2), Sub-okra (LU2), and Super-okra (LS2)
leaves, observed a significant lint yield increase of 4.8% in
Sub-okra over normal leaf cotton. It was Burton (1966) who
suggested using isolines to compare mutants with the normal
leaf. After that suggestion, Meredith (1984) compared the yield
of eight BC4: F3 Sub-okra leaf (LU2) lines with the normal leaf
(l2) cotton plants and reported that Sub-okra (LU2) cotton gave
significantly higher yield (3.0%) than normal leaf. From his
studies, it was conclude that the use of Sub-okra to replace
normal leaf cotton offers a potentiality in yield increase. Recently, comparative studies were conducted by El-Zik and
Thaxton (1993) at Texas A&M, USA, who besides yield, compared earliness and fibre traits of Okra cotton with the normal
leaf. Comparing with the normal leaf, they reported that Okra
leaf produced less or equal lint yield, earlier in maturity, less or

Materials and Methods
Ten different populations, of which six segregated into Okra,
Sub-okra, Super-okra and normal leaves, whereas, four segregated into Okra, Sub-okra and normal but not in Super-okra
leaf types. The strains with mutant leaf genes were considered as donor parents of their respective recipient normal
leaf types. Four back crosses were made for each of the ten
cross combinations. In F1 and subsequent generations, each
leaf type was back crossed with their respective original normal leaf parents. In this way, four back crosses and one self
(BC4 : F2) were made, thus all the leaf types had become nearisolines of their corresponding normal leaf parents except
retaining mutant genes in Okra, Sub-okra and Super-okra
populations. Since, six crosses segregated into four types
(Normal, Okra, Sub-okra and Super-okra) and four segregated
into three leaf types (Normal, Okra and Sub-okra), thus in
total, 36 BC4 : F2 populations were produced. All the 36 populations were replicated four times in a split plots with randomized, complete block design arrangement, treating populations
as main plots and leaf types as sub-plots. The trial was
carriedout at Cotton Research Institute, Sakrand during crop
153

Short Communication
Pak. J. Sci. Ind. Res. 2004 47(2) 157 - 159

Fermentation technique. Submerged fermentation tech-

STUDY OF SOME KINETIC PARAMETERS
FOR C ITRIC A CID B IOSYNTHESIS BY
ASPERGILLUS NIGER MUTANT NG - 110
USING SHAKE FLASK TECHNIQUE

nique in 250 ml Erlenmeyer flasks was employed to investigate the optimum conditions for maximal production of citric
acid. Twenty-five ml of clarified cane molasses with 15% sugar
level (initial pH 6.0) was taken in each of the flasks. After
sterilization, the flasks were cooled at room temperature and
inoculated with 1.0 ml of conidial suspension. The flasks were
then incubated at a rotary incubator shaker (Gallenkamp PLC,
UK) at 30°C for 7 days. The shaking speed was kept at 200
rpm. After incubation, fermented broth was filtered through
pre-weighed Whatman filter paper No.44 to remove the fungal
mycelia and filtrate was used for the estimation of citric acid
and residual sugar contents.

Rubina Mazhar a , Asad-ur-Rehman b , Ambreen
Sadiq c, Sikander Ali b , Abdul Waheed a and Ikramul-Haq b*
a

Department of Chemistry, G.C.University, Lahore,
Pakistan

b

Biotechnology Research Centre, Department of
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Analytical techniques. The filtrate was analysed for the
estimation of residual sugar gravimetrically by DNS method
(Tasun et al 1970) and citric acid anhydrous was estimated
spectrophotometrically using pyridine-acetic anhydride
method as reported by Marrier and Boulet (1958) whereas, for
the calculation of dry cell mass, mycelia were thoroughly
washed with tap water and dried at 105°C for two hours (Haq
and Daud 1995).

c

Department of Botany, Queen Marry College,
Lahore, Pakistan

(Received February 20, 2003; accepted March 11, 2004)

Citric acid can be produced from various microorganisms such
as bacteria, filamentous fungi and yeast by applying various
fermentation techniques. Because of its high solubility, palatability and low toxicity, citric acid has now become one of
the most commonly used acids. Approximately, 75% of this
compound is used as food acidulate and 12% in pharmaceutical industry (Haq et al 2001). Various fungi have been evaluated for citric acid production but best one for abundant
citric acid production is Aspergillus niger (Maddox and
Brooks 1998). The present study is concerned with the effect
of pH and various concentrations of K4Fe (CN)6 and K2HPO4
on citric acid bio-production and their kinetic analysis.

Any increase or decrease in the pH greatly reduced citric acid
biosynthesis. It might be due to that at lower pH the ferrocyanide was more toxic for the growth of mycelium in molasses
medium. This has been reported by Pessoa et al (1984)
whereas, a higher pH leads to the accumulation of oxalic acid.
Fermentation medium with initial pH 6.0 resulted in maximum
citric acid production (65.20 ± 0.2 g / l). Any increase or decrease in the phosphate quantity reduced citric acid production due to improper growth of mould mycelia. A high concentration of phosphate in the fermentation medium promotes
more growth and less acid production (Khan et al 1970).The
sugar consumption and mycelial dry weight were 93.50 ± 2.0
and 16.00 ± 0.3 gl / l, respectively. The percentage yield of
citric acid on the basis of sugar fermented was 69.73%. Figure
1 shows the comparison of specific growth rate of NG - 110
(µg / h) for citric acid production.

Organism and inoculum preparation. The mutant strain
of Aspergillus niger NG - 110 has been screened for citric
acid accumulation from various available cultures in Biotechnology Research Centre of Government College University,
Lahore, Pakistan developed by the treatment of ultraviolet
irradiation (1.6 x 102 j / m2 / S) for different time intervals (5 - 45
min). The culture was maintained on sterilized potato dextrose agar medium (Diced potato 200 g / l, Dextrose 20 g / l
and Agar 15 g / l), pH 4.5 and stored at 4°C in the refrigerator.
Conidial inoculum was used in the present study. Conidia
from 3 - 5 days old slant culture were used for inoculation.
The conidial suspension was prepared in sterilized 0.005%
Monoxal O.T. (Dioctyle ester of sodium sulfosuccinic acid).
One ml of the suspension contained 1.5 x 107 conidia. The
count was made on a haemocytometer slide bridge under
microscope.

Potassium ferrocyanide concentration. Effect of addition of different concentration of potassium ferrocyanide
(50 - 300 ppm) on citric acid production by Aspergillus niger
NG - 110 from molasses was investigated in shake flask. The
fermentation medium containing 200 ppm potassium ferrocyanide showed the maximum citric acid production (69.3 ± 0.8 g
/ l). The sugar consumption and mycelial dry weight were 83.5
± 4.0 and 25.3 ± 0.4g / l, respectively. The percentage yield of
citric acid on the basis of sugar consumed in the medium
containing 200 ppm K4Fe(CN)6 was 80.99%. A decrease in
citric acid production was observed, when the concentration
of potassium ferrocyanide was increased or decreased from

*Author for correspondence; E-mail: ikrhaq@yahoo.com

157

Short Communication
Pak. J. Sci. Ind. Res. 2004 47(2) 160 - 162
hepatitis, abdominal colic and as a general antidote (Elujoba
1995).

PHYTOCHEMICAL ANALYSES AND ANTIMICROBIAL ACTIVITIES OF THE L EAF
AND S TEM B ARK E XTRACTS OF
G ARCINIA KOLA - H ERKEL (F AMILY
GULTIFERAE)
a

I F Obuekwe * and N D Onwukaeme

The bark of Garcinia kola is used for fever cough, as an antihelmintic and for respiratory disease while the hot water extract has anti-oxidant activity (Ebana et al 1991). The alkaloid
fractions of the bark has spasmolytic activity, while the
ethanolic extracts and glycoside mixtures have antibacterial
activity against Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Klebsiella pneumonia, Streptococci and antifungal activity against Aspergillus spp. (Braide 1989;
Madunyi 1995).

b
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This study investigated the phytochemical constituents of the
stem bark and leaves of Garcinia kola and evaluated the antimicrobial activities of their extracts on some human isolates
from a reference hospital in Benin City, Nigeria.

b
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Plant material. The fresh leaves of Garcinia kola were collected from Okodobor village, near Benin City, while the stem
bark was collected from Iyowa village close to Okada town,
Benin City, Nigeria. They were identified by, Alhaji Abubakara taxonomist. The leaves were dried in an oven at a temperature of 40-50°C and ground into fine powder with the aid of a
grinding machine. The bark was chopped into bits and pieces
and also dried in the oven at 40-50°C for two weeks. It was
then ground into powder. Both the stem bark and leaf powders were stored in clean dry containers at 5°C until needed.

Preliminary phytochemical analyses carried out on the leaves
and stem bark extracts of Garcinia kola revealed the presence
of glycosides, saponins, tannins and flavonoids. Alkaloids
were present only in the leaf extract. Thin layer chromatography (TLC) on silica gel using different solvent systems showed
the alkaloids to be both of salt and basic forms. Different concentrations of methanolic extracts (50µg/ml, 100µg/ml,
150µg/ml and 200µg/ml) were tested on cultures of bacteria
and fungi to determine their sensitivity and minimum inhibitory concentrations (MIC). Antibiotic gentamycin (1mg/ml) was
used as the standard drug. The stem bark and leaf extracts of
Garcinia kola had very high inhibitory activities, only on
Staphylococcus aureus with MIC of 100µg / ml and 150µg/ml,
respectively. The stem bark and leaves of this plant can be
used for the treatment of diseases caused by Staphylococcus
aureus.

Preparation of extracts. Leaves: One hundred gram of powdered Garcinia kola leaves were extracted with one litre of
methanol using the Soxhlet extractor and then concentrated
with the aid of the rotary evaporator. Twenty-two gram of the
methanolic extract was dissolved in 22 ml of distilled water
(w/v).
Stem bark: Two hundred gram of powdered stem bark of
sample was put into 800 ml of water and macerated for two
days with occasional stirring. It was then filtered and the filtrate concentrated over a water bath. Approximately, 4.85g
of stem bark extract was obtained.

The use of plants as medicines is due to the presence of secondary metabolites in form of alkaloids, saponins, glycosides,
anthraquinones and volatile oils which may be present in the
roots, barks, stems, fruits, flowers leaves and seeds of plants
has promoted their use as medicines, (Gill 1992). Garcinia
kola commonly known as bitter kola. It is a plant indigenous
to the West and Central African sub - regions. It is easily
recognised, by its fine, hairy flowers and large fruits. It has
numerous pharmacological effects. Fresh fruit of Garcinia kola
is used as a food; hot water extracts of the dried fruits are used
in treating arthritis, liver disease, and cough; while the dried
fruit is used as an antiseptic for cuts, sore throats and laryngitis, (Iwu and Igboko 1982). The hot water extract is also used in
treating asthma, dysmennorhea, gastroenteritis, diarrhoea,

Phytochemical analysis: Extracts were subjected to phytochemical analysis to detect glycosides, flavonoids, tannins,
saponins and alkaloids using the standard analytical procedures (Shoppe 1964; Harborne 1973; Trease and Evans 1983).
Thin layer chromatography (TLC) using silica gel as adsorbent and different solvent systems and as well as Dragendorff’s
spray reagent were used to the alkaloidal spots.
Antimicrobial activity: Agar diffusion assay technique of
Tramer and Fowler was used. Autoclaved nutrient agar medium was immediately place in a 55°C water bath. When
cooled, 18ml aliquots of the medium were aseptically poured
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SODIUM SULPHIDE PREPARED

FROM

SODIUM SULPHATE
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(Received January 22, 2002; accepted November 13, 2003)

The aim of this investigation was to prepare purified sodium sulphide which is utilized for multiple purposes. The reaction
between commercial sodium sulphate and coal gives sodium sulphide and various products. The effect of reaction temperature and maximum composition were studied to establish the optimum conditions for maxium yield. The reaction is found
suitable for large scale production of sodium sulphide from commercial sodium sulphate.

Key words: Commercial sodium sulphate, Coal, Sodium sulphide.

Indroduction

In kraft wood pulping process, the sulphide is used as cooking liquor. Other uses include the preparation of lubrication of
oil and the production of polysulphide elastomer and plastics
(Krik Othmer 1983).

The alkali and alkaline earth sulphides are colorless, whereas,
the heavy metal sulphides are usually deep colored. Sodium
sulphide has attained a very important position in the chemical industry (Meraw-Hill 1987; Lide 1996). It is used as a reducing agent and to dissolve cellulose ester in the manufacture of pigments and also used in drugs and drug intermediate
industries. (Huheey et al 1993). It is main ingredient in dying
of textiles. Sulfur dyes are applied from dye bath containing
sodium sulfide which gives good to moderate light fastness
and good fastness at low cost and rapid processing and also
as a solvent for water insoluble dyes. Sodium sulphide plays
a very important role of a chemical compound used in liming
and in manufacturing of lubricating oil and production of
heavy water used for atomic power plants (Greenwood and
Earnshaw 1997). In the production of pulp and paper, it is main
component to maintain the sodium balance of the mill, the
oxygen stage normally uses the oxidized white liquor and sodium sulphide has been oxidized to thiosulphate. In rubber
industry, its main area of application is of vulcanizing agent in
processing. It is also used in tanneries for dehairing because
sulphide of sodium provides stronger alkalinity but less
sulphidity than hydrosulphides.

→

Comm.sod.sulphate
+charcoal

Furnace
900° C

↓
Residue

←

Filter +
wash

←

Reduced mass
leached with H2O

↓
Na2S Product

← Filtrates dried

Flow diagram of sodium sulphide

Materials and Methods
General procedure. Sodium sulphide was prepared by mixing known quantity of commercial sodium sulphate with
known quantity of coal and heating in furnace at known temperature. The reaction product was crushed into course fragments and leached with water, filtered and the clear solution
was evaporated to dryness. The light yellowish gray color
dehydrated sodium sulphide was formed. The reaction involved
in Na2S production is as follow (Brady and Clauser 1986).

In froth flotation, it is usually used to separate one solid from
another, for solid-liquid separation, as in dissolved air flotation and for liquid-liquid separation as in foam fractionation
and in flotation of sulphide ores. (Huang and Ling 2001). The
mining industry uses sodium sulphide to form (insoluble) metal
sulphide of copper, lead and molybdenum. The same raction
is used to remove heavy metals like copper cadmium, mercury,
lead from wastes water in many industries because of toxicity
their concentration must be reduced to very low levels. (Krik
Othmer 1983; Cotton et al 1999).

Na2SO4 + 2C = Na2S + 2CO
The yield of sodium sulphide (Na2S) was calculated by taking
a known weight from the dried Na2S product and titrating it
again sodium sulphate and I2 using starch as an indicator
(Vogel 1987).

Results and Discussion
The present work demonstrates the optimum conditions for
the preparation of sodium sulphide from commercial sodium
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Erratum
The address of co-author was overlooked in the paper published in
Vol. 47, January – February, 2004, Page 50. The correct address of
co-author Y.M. Khanif is Department of Land Management, Faculty
of Agriculture, University Putra Malaysia, 43400 UPM, Serdang,
Selangor, Malaysia. Also in Table 2, page 52, Grain yield (t ha-1) was
erroneously printed. This may be read as N Content (%) in grain.
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