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Opto-Electronic Properties of Ternary Chalcopyrite AIBIIIC2VI
and AIIBIVC2V Semiconductors
Sajad Ahmad* and Mudasir Ashraf

Department of Radiological Physics and Bio-Engineering, Sher-i-Kashmir Institute of Medical Sciences,
Srinagar- 190011, India
(received January 6, 2012; revised August 17, 2012; accepted September 12, 2012)
Abstract. An investigation has been carried out for various crystal parameters like homopolar gap (Eh),
heteropolar gap (Ec), average gap (Eg) and refractive index (n). These estimated values are used to calculate
the ionicity of ternary chalcopyrite semiconductors. Based on the complex crystal chemical bond theory,
the Moss formula which is for one type of bond only has been extended to calculate the refractive index
(n). The estimated refractive index is used to evaluate the ionicity of ternary chalcopyrite semiconductors.
The results have been compared with the literature ones. The calculated values are in fair agreement with
previous reported values.
Keywords: refractive index, energy gap, ionicity, ternary chalcopyrite semiconductors

Introduction

semiconductors is of considerable importance for
potential application in integrated optical devices,
whereas the refractive index of materials is the key
parameter for designing various devices. Among the
various parameters controlling the refractive index,
energy band gap may be the most important one. Thus,
it is of great interest to develop a correlation between
refractive index and energy gap in solid materials. In
recent years, various experimental and theoretical works
have been done to generalize the trends in the ionicity
(fi) and refractive index (n) of ternary chalcopyrite
structures AIBIIIC2VI and AIIBIVC2V (Gorai and Mahata,
2010; Kumar et al., 1994; Neumann, 1987, 1985). The
empirical relations between different parameters of the
crystal, such as unit cell volume, energy gap, ionicity
and plasma energy have been given by different
researchers. Some of the chalcopyrites having other
practical applications in the field of these compounds,
are still being extensively investigated. The crystal
ionicity is one of the key parameters of semiconducting
materials in discussing problems in the field of elastic
constants, cohesive energy, heat of formation, bulk
modulus and crystal structure. Singh and Gupta (1986);
Levine (1973); Phillips and Van Vechten (1969) and
Penn (1962) developed various theories and calculated
crystal ionicity in the case of simple compounds. Phillips
and Van Vechten (1969) had calculated the homopolar
and heteropolar gaps considering the effect of d
core electrons. Singh and Gupta (1986) had introduced
the justification of Levines theory. It is clear from
the Levines modifications as well as Phillips and

The ternary chalcopyrite semiconductors have obtained
considerable importance because of their potential
applications in the areas of light emitting diodes,
nonlinear optics, photovoltaic devices and solar cells.
The solid solutions of these semiconductors have been
used in electro-optic devices. Their mixed crystals are
being used for fabrication of detectors, lasers and
integrated optic devices such as switches, modulators,
filters. These chalcopyrites have many other practical
applications in the field of fibre optics, sensors and
communication devices. The properties of these
compounds have not been fully investigated inspite of
their significant importance. Considerable attention has
been given due to their importance for the development
and fabrication of various technological devices.
Structurally these compounds are derived from binary
sphalerite structure with slight distortion. These
compounds exhibit a high nonlinear susceptibility and
birefringence which leads to efficient second harmonic
generator and phase matching. The opto-electronic properties are the fundamental properties of the material.
The chalcopyrite crystal structure is noncentrosymmetric
and these compounds possess the essential properties
of nonzero nonlinear optical tensor which can be quite
large. Some chalcopyrite semiconductors, such as
AgGaS2, AgGaSe2, etc., have become useful in nonlinear
optical device applications with strong commercial
possibilities. The evaluation of refractive indices of
*Author for correspondence; E-mail: sajadahmad777@yahoo.com
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Microwave Assisted Knoevenagel Condensation: Synthesis
and Antimicrobial Activities of Some a-Cyanoacrylates
Md. Mosharef Hossain Bhuiyan*, Khandker Md. Mizanur Rahman,
Md. Ashraful Alam and Md. Mayez Mahmud

Department of Chemistry, University of Chittagong, Chittagong 4331, Bangladesh
(received June 6, 2012; revised August 14, 2012; accepted November 13, 2012)

Abstract. A series of a-cyanoacrylates (1-9) were prepared by Knoevenagel condensation of ethyl
cyanoacetate with corresponding aromatic aldehydes in presence of ammonium acetate (NH4OAc) using
microwave irradiation under solvent free condition. The reactions were completed in 20-60 sec with
excellent yield. These compounds were screened for their antibacterial activities against five pathogenic
organisms: Bacillus cereus, Staphylococcus aureus (ATCC 6538), Vibrio cholerae, Shigella dysenteriae
(AE 14396) and Salmonella typhi (AE 14612) and antifungal activity against two organisms: Aspergillus
flavus and Saccharomyces cerevisiae using disc diffusion method and poisoned-food technique, respectively.
Some of them were found to possess significant activity, when compared to standard drugs.
Keywords: Knoevenagel condensation, microwave irradiation, a-cyanoacrylates, antimicrobial activity

Introduction

coumarins (Kumar, 2009; Bigi et al., 1999) and versatile
precursors for the synthesis of substituted heterocycles
(Kandeel et al., 1996).

Carbon-carbon double bond formation (Shen, 1998) is
one of the useful and fundamental reactions in synthetic
organic chemistry, particularly in the synthesis of
complex natural products with biological activity. The
Knoevenagel condensation is one of the most important,
useful and widely employed methods for the formation
of carbon-carbon bonds. It has been used for the
preparation of a range of substituted alkenes and
bioactive molecules, as a key step in natural product
synthesis and important intermediate for the synthesis
of cosmetic, perfume, agrochemicals and pharmaceuticals (Tietze and Beifuss, 1991). Active methylene
compounds such as malononitrile, ethyl cyanoacetate,
malonic ester etc., are largely used in the Knoevenagel
condensation. The ylidenemalononitriles thus obtained
have found increasing applications in industry,
agriculture, medicine, biological science and in the
elegant synthesis of fine chemicals (Freeman, 1980;
Fatiadi, 1978a, 1978b). They are important intermediates
for the synthesis of various organic compounds, mainly
by cyclization reactions (Campaigne and Schneller,
1976). Knoevenagel condensation products with ethyl
cyanoacetate have been utilized successfully in the
synthesis of mercaptopyrimidine as an intermediate
for an antimetabolite, substrates for Guareschi reaction,
indanone derivatives for diterpene alkaloid, cyano-

The Knoevenagel condensation is generally carried out
in the presence of weak organic bases such as aliphatic
amines, ethylenediamine and piperidine or their
corresponding ammonium salts, Lewis bases and acids
including ZnCl 2 , CdI 2 , TiCl 4 , Al 2 O 3 , MgO, ZnO,
AlPO 4 Al 2 O 3 , KFAl 2 O 3 , natural hydroxyapatite
(Ca10(PO4)6(OH)2) (Mallouk et al., 2010), tetra-nbutylammonium hydroxide (TBAH) (Balalaie and
Bararjanian, 2006), N-methylpiperazine (Mukopadhyay
and Datta, 2008), 1,1,3,3-tetramethyl-guanidium lactate
(Zhang et al., 2006), polyacrylonitrile fibre (Li et al.,
2011), Imidazolium chloride immobilized SBA-15
(Parvin et al., 2012) and ammonium acetate (NH4OAc)basic alumina (Balalaie and Nemati, 2000). However,
this employs hazardous benzene and requires prolonged
heating with continuous water removal. The use of such
bases/acids and solvents has led to environmental
problems, i.e., the necessity to dispose of huge amounts
of organic waste due to the formation of undesirable
side products. Ionic liquid, recyclable catalysts (Ye
et al., 2011), electrochemical (Feroci et al., 2007),
microwave (Saha et al., 2008) and ultrasound (Li et al.,
2004) activation methods have also been reported.
Recently microwave radiation, a non-conventional
energy source, for the activation of reactions has gained

*Author for correspondence; E-mail: mosharef65@yahoo.com
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A Comparative Study of the Chemical Composition of
Entada pursaetha and Pentaclethra macrophylla
Seeds and Seed Oils
Ibironke Adetolu Ajayi* and Rotimi Ayodele Oderinde

Industrial Unit, Chemistry Department, Faculty of Science, University of Ibadan, Ibadan, Nigeria
(received April 19, 2012; revised October 6, 2012; accepted November 13, 2012)

Abstract. The proximate, physicochemical, mineral element and fatty acid composition of seeds and seed
oils of Entada pursaetha and Pentaclethra macrophylla have been analysed and compared in order to
establish any similarities/differences in their chemical composition and to evaluate the possibility of their
suitability for nutritional or industrial purposes. The proximate analyses of the seeds showed that the oil
yield of P. macrophylla: 40.21 mg/100 g is by far greater than that of E. pursaetha: 4.26 mg/100 g but the
carbohydrate content is vice versa (E. pursaetha: 45.36 mg/100 g; P. macrophylla: 3.84 mg/100 g). The
protein content of both seeds is high (23.19-33.00 mg/100 g) and is greater than those of high protein
animal sources like beef, oyster, pork and marine fishes. The physicochemical properties of the oils are
comparable with those of conventional oils and suggest the suitability of these oils as edible oils. Results
of the analysis for the mineral element contents of the flour of both seeds showed that potassium is the
most prevalent mineral present in the two seeds followed by magnesium for P. macrophylla and phosphorus
for E. pursaetha. Analysis of the oils for fatty acids indicates that both oils contain more of unsaturated
fatty acids than saturated ones. This is of great nutritional significance.
Keywords: Entada pursaetha, Pentaclethra macrophylla, comparative study, composition, fatty acid, seed oils

mostly in the southern and middle belt regions of Nigeria
and in other coastal parts of West and Central Africa
(Keay, 1989). The tree is recognized by peasant farmers
in these parts of the country for its soil improvement
properties and as a component of an agro-forestry system
(Okafor and Fernandez, 1987). There exist in literature
reports on some aspects of E. pursaetha and P.
macrophylla by Ajayi et al. (2002) and Oderinde and
Ajayi (1998) and other several authors (Asoegwu et al.,
2006; Odoemelam, 2005; Mbajunwa et al., 1998;
Mbajunwa, 1995) but no recent work has been reported
on the comparative study of the chemical composition
of E. pursaetha and P. macrophylla seeds and seed oils.
This work therefore, reports on a comparative study of
the chemical composition of E. pursaetha and P.
macrophylla seeds and seed oils.

Introduction
Plant seeds are important sources of oils of nutritional
and pharmaceutical importance. Lipid and lipid related
compounds play essential role in disease prevention
and growth. The search for lesser known underutilised
crops, many of which are potentially valuable as human
and animal foods, has been intensified to maintain a
balance between population growth and agricultural
productivity, particularly in the tropical and sub-tropical
areas of the world. Seeds have nutritive and calorific
values, which make them necessary in diets. Fats make
a meal more satisfying, enrich its flavour and delay the
onset of hunger.
Entada pursaetha and Pentaclethra macrophylla are both
legumes belonging to the family Mimosaceae. E.
pursaetha, called Pandoro or Eso akiiti in Yoruba language
of Nigeria, is a lofty wood climber with very stout and
enormous straight, woody segmented pods. The fruits,
just like most Mimosaceae are mostly elongated pods,
fleshly, woody, leathery or papery containing several
seeds and splitting open in the majority of cases. The
African oil bean, P. macrophylla, is a tropical tree found

Materials and Methods
Collection of samples. The seeds of P. macrophylla
and E. pursaetha were purchased from local markets
in Ibadan, Oyo State of Nigeria, while the seeds of E.
pursaetha were picked around the premises of University
of Ibadan, Ibadan, Nigeria. The seeds were identified
in the herbarium unit of Botany Department, Faculty

*Author for correspondence; E-mail: frajayi@yahoo.com
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Parameters of Biosorption and Bioaccumulation of Cr (VI) Ion
from Aqueous Solutions by Aspergillus niger
Kareem Sarafadeen Olatejua, Abideen Idowu Adeogunb*, Owoeye Oluwafemi Olanrewajub and
Ajayi Olufunmilola Arinadea
a

Microbiology Department, University of Agriculture, P.M.B. 2240, Abeokuta, Nigeria
b
Chemistry Department, University of Agriculture, P.M.B. 2240, Abeokuta, Nigeria
(received November 29, 2011; revised June 12, 2012; accepted June 20, 2012)

Abstract. Biosorption and bioaccumulation of Cr (VI) ion by Aspergillus niger were investigated in a
batch system. Growth conditions for this strain were optimized using potato dextrose broth (PDB). The
effects of some important parameters such as initial metal concentrations, temperature and inoculum
concentration on biosorption capacity were also studied. In batch biosorption studies, A. niger removed
3
3
93.02% Cr (VI) ion at 30 °C at pH 6.0 and biosorbent dose of 1.0×10 spores/cm solution containing
25 mg/L Cr (VI) ion at 100 rpm agitation. Biosorption equilibrium was established in 150 min and the
kinetics of the process fitted well with pseudo second order kinetic model. The biosorption process was
best explained by Langmuir isotherm.
Keywords: bioaccumulation, Aspergillus niger, equilibrium, kinetic model, Langmuir isotherm

Introduction
Environmental contamination by toxic metals is a serious
problem worldwide due to their incremental accumulation
in the food chain and continued persistence in the
ecosystem. Conventional technologies such as; ion
exchange or lime precipitation are often ineffective and/or
expensive, particularly for the removal of heavy metal
ions at low concentrations (below 50 mg/L). Furthermore,
most of these techniques are based on physical displacement or chemical replacement, generating yet another
problem in the form of toxic sludge, the disposal of which
adds further burden on the techno-economic feasibility
of the treatment process.
The Cr (VI) ion is a major toxic pollutant which enters
the water streams through various industrial operations.
Its potential sources include: effluents from metallurgy,
electroplating, leather tanning, textile dyeing, paint, ink
and aluminum manufacturing industries. Cr (VI) ion is
carcinogenic to both human and animals (Mungasavalli
et al., 2007). Strong exposure to Cr (VI) ion causes
cancer in the digestive tract and lungs and may also
cause gastric pain, nausea and vomiting, severe diarrhoea
and haemorrhage (Mohanty et al., 2005). According to
the United States Environmental Protection Agency
(USEPA) the general permissible limits of total Cr ions
in water is 1.0 mg/L(EPA, 1991).
*Authour for correspondence; E-mail: abuaisha2k3@yahoo.com

Conventional processes used in the removal of heavy
metals from industrial wastewater include; chemical
precipitation, oxidation reduction, filtration, electrochemical techniques and other sophisticated separation
processes, using membranes. However, these processes
are usually expensive and environmentally invasive. In
this era of environmental protection, the use of microorganisms for the recovery of metals from waste streams,
as well as employment of plants for landfill applications,
has generated growing attention (Kotrba and Ruml,
2000). There are wide varieties of microorganisms,
which include; bacteria, fungi, yeast and algae that can
interact with metals and radionuclides through several
mechanisms to transform them (Volesky and Holan,
1995). Among them fungi can be grown easily in
substantial amounts using unsophisticated fermentation
techniques and inexpensive growth media (Kapoor et
al., 1999).
Biosorption is regarded as an innovative technology to
remove metals from aqueous solution because it has
some obvious advantages such as; high efficiency and
selectivity for absorbing metals at low concentrations,
energy-saving, broad operational range of pH and
temperature, easy reclamation of metals and easy
recycling of the biosorbent (Kratochvil and Volesky,
1998). In the recent years, many agricultural based
biosorbent materials have been utilized for heavy metal
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Adsorptive Removal of Methylene Blue Dye by Melon Husk:
Kinetic and Isothermal Studies
a

Abass Abiola Olajirea*, Abdur-rahim Adebisi Giwaa and Isa Adewale Bellob

Industrial and Environmental Chemistry Unit, Department of Pure and Applied Chemistry,
Ladoke Akintola University of Technology, Ogbomoso, Nigeria
bPhysical Chemistry Unit, Department of Pure and Applied Chemistry,
Ladoke Akintola University of Technology, Ogbomoso, Nigeria
(received February 10, 2012; revised May 4, 2012; accepted May 30, 2012)

Abstract. The adsorption capacity of methylene blue (MB) dye from aqueous solution onto raw melon
husk (RMH) was investigated under various experimental conditions. Surface studies of RMH were
investigated by fourier transform infrared (FTIR) and scanning electron microscopy (SEM). Batch studies
were performed to evaluate the effect of various experimental parameters such as contact time, initial
concentration of MB dye and dosage of RMH on the efficiency of the sorption process. Optimum conditions
for MB dye removal were found to be at an adsorbent dosage of 8.0 g/L of solution for an equilibrium
time of 120 min. Lagergren, Elovich and Morris  Weber equations were employed to study kinetics of
sorption process. The sorption process was very rapid at the initial stage as 80% of the dye was removed
within the first 5 mins. The kinetics of the adsorption followed pseudo second order model with R2 values
ranging from 0.999 to 1 for all initial dye concentrations studied. Equilibrium isotherms for the adsorption
of MB dye on RMH were analysed by Freundlich, Langmuir and Temkin isotherm models and the goodness
of fittings were inspected using linear regression analysis (R2) and sum of square error (SSE). The
equilibrium data were well described by Langmuir and Temkin equation at all range of operating parameters.
Keywords: melon husk, kinetics, isotherm, methylene blue dye, adsorption

Introduction

and Kurniawan, 2003). As such, numerous alternative
materials have been investigated to adsorb dyes from
aqueous solution, using methylene blue as the model
basic dye, such as guava leaf powder (Ponnusami
et al., 2008), dehydrated wheat bran carbon (Özer and
Dursun, 2007), diatomaceous silica (Al-Qodah et al.,
2007), wheat shell (Bulut and Aydin, 2006), NaOHtreated pure kaolin (Ghosh and Bhattacharyya, 2002),
bamboo charcoal (Zhu et al., 2009), silver fir (Abies
amabilis) sawdust (Zafar et al., 2008) and activated
carbon from sugar beet molasses (Aci et al., 2008).

Basic dyes are the brightest class of water soluble dyes
used by the textile industries and methylene blue is one
of the most frequently used dyes in all industries (Reid,
1996). It dissociates into cation and chloride ion in
aqueous solution (Tor and Cengeloglu, 2006). Presence
of this dye in water leads to various health effects like
eye burns and irritation to the gastrointestinal tract with
symptoms of nausea, vomiting and diarrhoea. It may
lead to methamoglobinemia, cyanosis and dyspnea, if
inhaled directly. It may also cause irritations to the skin
(Senthilkumaar et al., 2005; Ghosh and Bhattacharyya,
2002).

Two important physicochemical aspects for the evaluation of adsorption processes as a unit operation are the
adsorption equilibria and the adsorption kinetics. Equilibrium relationships between adsorbent and adsorbate
are described by adsorption isotherms, usually the ratio
between the quantity adsorbed and that remaining in
the solution at a fixed temperature at equilibrium. In
the study of adsorption isotherm, linear regression is
frequently used to determine the best fitting isotherm.
The linear least squares method with linearly transformed isotherms has also been widely applied to confirm experimental data, and isotherms using coefficients
of determination. However, such transformations of

There are several methods which can be used to treat
dye wastewater. These include biological, chemical and
physical (Robinson et al., 2001). All these methods
were found inefficient and incompetent because of the
stability of the dye towards light, oxidizing agents and
aerobic degradation. Among these methods, adsorption
is widely used for its maturity and simplicity. Of different
adsorbent materials, activated carbon is the most popular
for the removal of pollutants from wastewater. However,
its widespread use is restricted due to high cost (Babel
*Author for correspondence; E-mail: olajireaa@yahoo.com
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Distribution of Metals in Urban Street Dusts of Benin City, Nigeria
Chukwujindu Maxwell Azubuike Iwegbuea*, Embbey Kaine Ossaia, Chukwudumebi Loretta
Overaha, Kingsley Opueneb and Godwin Ebichime Nwajeia
a

Department of Chemistry, Delta State University, P.M. B 1 Abraka, Nigeria
Industrial Laboratory, OB/OB Gas Plant, Nigerian Agip Oil Company, Omoku Rivers State, Nigeria

b

(received January 31, 2012, revised November 17, 2012; accepted December 5, 2012)

Abstract. Dust samples were collected from 30 sites within Benin city, Nigeria, during the month of
December, 2006 - March 2007 and analysed for Cu, Cr, Ni, Cd and Pb using atomic absorption
spectrophotometry. The samples were divided into 3 categories, including a control. Results showed
that the dust samples contained significant levels of the metals studied compared to the control site. The
mean values for Cu, Cr, Ni, Cd and Pb were 16.83 mg/kg, 55.40 mg/kg, 5.91 mg/kg, 3.17 mg/kg, and
182 mg/ kg, respectively, for the high traffic density. The mean concentrations of Cu, Cr, Ni, Cd and
Pb were 11.98 mg/kg, 52.21 mg/kg, 6.89 mg/kg, 3.92 mg/kg and 167.34 mg/kg, respectively, for the
medium traffic areas, while mean concentrations of Cu, Cr, Ni, Cd and Pb in the low traffic areas were
10.46 mg/kg, 58.7 mg/kg, 8.06 mg/kg, 3.49 mg/kg and 142.53 mg/kg, respectively. These values suggest
that motor vehicles and electricity generating sets formed the major sources of these metals in the dust
samples. The values of metals in the dust samples in these areas were compared with the results of
investigations in other countries and these values at various zones of Benin city were found similar,
which indicates that Benin city can be considered as one big urban centre with high population and
traffic density.
Keywords: heavy metals, contamination, dust, vehicular emission; electricity generating sets

Introduction

emissions from industries, construction activities and
from the flaking of paints (Radojevic and Bashkin,
1999). Particles larger than 10 mm in diameter are
deposited quite rapidly to the earth surface under the
influence of gravity. The study of metal in dust particles
is important because dust can be freely inhaled by those
transversing the streets and those residing within the
streets. Dust is one of the major mediums through which
metals find its way into soil, surface and groundwater
after the rain shower (Tamrakar and Shakya, 2011). In
many developing countries, where urban pollution levels
are especially high, a large number of children live in
the roadsides and spend most of the day on the street
under conditions of poor hygiene and subsequently
ingests this dust.

Air pollution is a major environmental problem
associated with rapid urbanization and industrial growth.
Human activities are responsible for the mobilization
of metals into the biosphere thereby contributing an
important process in the geochemical recycling of these
contaminants (Addo et al., 2012). Dust is a complex
mixture of particulates with a varied chemical
composition resulting from the interact of solid, liquid
and gaseous materials produced from different sources,
processes and activities ( Addo et al., 2012; Hjotenkrans
et al., 2006; Singh et al., 2005). Urban dusts have been
implicated for its potential to carry high load of myriads
of environmental pollutants such as metals, PAHs and
PCBs etc. (Faiz et al., 2009; Lu et al., 2009). The
occurrence of high concentrations of metals in dust
particles are potential hazard to human health especially
to children (Yap et al., 2012; Meza-Figueroa et al.,
2007) who often play in the street, school yard, parks,
etc. The main source of road dust is deposition of
atmospheric aerosol particles. In urban environment,
these particles originate mainly from road traffic,

Occurrence of metals in the environment is of great
concern because some of these metals are essential for
normal growth, while others can not be tolerated at
even low concentrations due to their toxicity. For
example, lead toxicity is characterised by symptoms
such as anaemia, colic, neuropathy, sterility and coma.
Exposure to low doses of lead has been implicated for
behavioural abnormalities, learning disabilities, impaired
hearing and cognitive function in human (Chauhan et

*Author for correspondence; E-mail: maxipriestley@yahoo.com
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Determination of Physicochemical Parameters of
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Abstract. A study on the determination of physicochemical parameters of sugar mills effluents has been
carried out. In this scenario samples were taken from various parts of mills including mill house, process
house, spray pond, compositive main drain colony and compositive main drain after lagoon. These samples
were then subjected to analysis of some important physicochemical parameters such as pH, total dissolve
solids (TDS), total suspended solids (TSS), biochemical oxygen demand (BOD), chemical oxygen demand
(COD) and oil and grease. The results of all the effluent samples show that values of all the parameters
are above the range fixed by national environmental quality standards (NEQS).
Keywords: sugar mill effluent, physicochemical parameters, environmental quality standards

Introduction

create unhygienic septic conditions, generating foulsmelling hydrogen sulphide, which in turn may precipitate iron and any dissolved salts, turning the water black
and highly toxic for aquatic life (Salequzzaman et al.,
2008).

The sugar industry of Pakistan is considered to be one
of the best organized in the industrial sector of the
country and also among the countrys leading economic
enterprises (Bailley, 1999). It comprises of 77 mills, 38
in the province of Punjab, 32 in Sindh, 6 in the Khyber
Pakhtunkhwa, and one in Azad Jammu and Kashmir
(PSMA, 2004). Almost the entirety of the sugar output
is used domestically while molasses (by-product of
sugar production) is mostly exported. A few sugar mills
also use part of the molasses to produce industrial
alcohol (ethyl alcohol), a significant quantity of which
is also exported (PSMA, 2004).

Fast urbanization and industrialization in the developing
countries like Pakistan poses severe problems in the
collection, treatment and disposal of obnoxious effluents.
This situation leads to serious public health problems.
Unmanaged organic waste generated from industries,
municipalities and the agricultural sector decomposes,
thereafter resulting in the large scale contamination of
land, water and air in the environment (Hampannavar
and Shivayogimath, 2010). These wastes not only
represent a threat to the quality of environment but also
possess a potential energy value which is not fully
utilized despite the fact that they are cheap and abundant
in most parts of the world.

Sugar industry plays an important role in the economy
of countries by export of the sugar and by-products
obtained from the processing of sugarcane as well as
by farming and creation of employment. The by-products
of sugar mills are also used as raw materials in different
industries. However, effluents, especially liquid effluents
emanating from sugar mills have a great environmental
impact upon the surrounding environment. The change
of water chemistry is the main environmental impact
of the indiscriminate discharge of sugar mill effluent
in an open water body. The effluents cause irritant odour
during their decomposition. Wastewater from sugar
mills with its high BOD and COD rapidly deplete the
available oxygen supply when discharged into water
bodies. These effluents endanger aquatic life and also

Rapid increase of industrialization trend in the world
has resulted in the generation of industrial effluents in
quite large quantities with high organic content, which
if treated/processed appropriately, may become a
significant source of energy.
The problem of environmental pollution on account of
fast industrial growth is mainly due to the indiscriminate
disposal of industrial waste solid, liquid or gases. Polluted
water, in addition to other effects, directly affects the
soil not only in the industrial areas but also in the
agricultural fields and river beds, thereby creating

*Author for correspondence; E-mail: chemist_afi@yahoo.com
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Application of Enzymatic Bating Agent on Leather
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Abstract. Protease activity of Aspergillus niger was investigated for leather bating by solid state fermentation
using wheat bran as substrate at a suitable concentration and was found to be 1200 units. The optimum
conditions regarding temperature, time and speed of agitation for enzyme leaching were found to be 37 °C,
2.5 h and 12 rpm, respectively. The leather produced with such materials was compared with that produced
using a widely applied commercial bating material with regard to quality, strength and softness. This leather
was of good quality having no difference from the leather produced by using imported bating material.
Keywords: protease, Aspergillus niger, wheat bran

Tannery effluents are one of the major industrial pollution
problems arising mainly from pre-tanning processes.
Use of enzymes as a viable alternative has been restored
to in pre-tanning operations such as soaking, dehairing
(Sirvaityte et al., 2006), bating, degreasing and offal
treatment. Bating is the process of removing proteins
other than collagen using proteolytic enzymes (Atiya,
2008). Failure to remove the non-collagenous proteins
causes cementing together of the fibers when the leather
is dried and results in firmness and lack of flexibility
(Choudhary et al., 2004).

Protease production. Aspergillus niger was evaluated
for protease production by solid state fermentation using
wheat bran, an agricultural by-product as a substrate.
The conditions favourable for leaching were investigated
and the most significant factors were found to be
temperature, time and speed of agitation. These were
specified and estimated to be 37 °C, 2.5 h and 12 rpm,
respectively.
Similar experiments were carried out to specify the
optimum time of culture of the wheat bran carrier and
the degree of wetability. These were found to be 72 h
and 60% water on the grain weight with continuous
wetting of the surface to replace water lost by evaporation.

The most important effects of bating on leather are an
increase of area, improvement of inner softness, more
uniform cycling and better physical/mechanical
properties (Thanikaivelan et al., 2004).

Fungus strain Aspergillus niger was collected by Institute
of Mycology and Plant Pathology, University of the
Punjab, Lahore.

Dunaevsky et al. (2000) have reported the use of enzymes
from Aspergillus species in bating. Solid- substrate fermentation has the potential for higher protease yield (Dunaevsky
et al., 2000; Pandey et al., 1999). Economically this type
of fermentation processes is advantageous as reported by
Malathi and Chakraborty (1991).

The mycelium from potato dextrose agar PDA slant
was used for Aspergillus niger growth. Wheat straw
obtained from local market was soaked in water
overnight. Next day drained and boiled for 30 mins.
The moistened material was allowed to cool and dry,
a moisture content of the substrate was 60-70%.

Prior to this century, natural bates consisting of dog
and pigeon faeces were used, but they had disadvantages
(Suresh and Virithagiri, 2010; Ahmed and Gasmelseed,
2003). The purpose of the present work is to investigate
the use of fungal protease from Aspergillus niger as an
alternative method to the conventional bating method
and highlights the importance of this enzyme in
minimizing the pollution load.

Erlenmeyer flask 250 mL containing 50 g wheat straw
was sterilized at 121°C (15 lbs/inch2 pressure), cooled,
inoculated and incubated at 25 ± 2 °C for 72 h in laminar
flow cabinet. After incubation, 75 mL of distilled water
was added to the flask which were shaken on rotary
shaker (Digitech Instruments) for 1h at 200 rpm. The
contents of flasks were then filtered and the filtrate was
used for enzyme assay (Haq et al., 2003).
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