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Introduction
Solvent extraction has been one of the most important extrac-
tion and separation processes in hydrometallurgy. Especially
phosphorus-based extractant, D2EHPA, a commercial extrac-
tant, has proved to be of particular importance for its wide
range of extraction (from divalent to heptavalent) ability as
well as separations of metal ions such as iron, copper, silver,
cadmium, cobalt, nickel, manganese, magnesium, calcium,
sodium, potassium, arsenic and antimony from different
acidic solutions (Park and Fray, 2009; Fouad and Bart, 2008;
Keng Xie et al., 2008; Mansur et al., 2008, 2002; Samaniego
et al., 2007; Sarangi et al., 2007; Kumar Vinay et al., 2006;
Jianbing Ryszard et al., 2006; Takeshita et al., 2003; Singh
and Dhadke, 2002; Morters and Bart, 2000).

All the studies made on the extraction of Zn(II) by D2EHPA
were done mostly from chloride solutions and with purified
D2EHPA (Amer and Luis, 1995; Devi et al., 1995; Alguacil
et al., 1992). As the extraction characteristics of a metal ion by
an extractant depends on the concentration levels of the metal
ions and coexisting anions in the aqueous phase as well as on
the diluents used, the objective of the present work was to
make an investigation on the possibility of extraction of Zn(II)
by commercial grade D2EHPA in kerosene diluent. Presently
the kerosene medium is used as the industrial diluent for
solvent extraction technology. Zinc extraction from waste
leach solution has assumed importance in view of the world-

Pak. J. Sci. Ind. Res. 2009 52 (4) 173-179

Solvent Extraction of Zn(II) from Aqueous Sulphate Media by
Di(2-Ethylhexyl) Phosphoric Acid in Kerosene

D. A. Begum, M. Alauddin, M. F. Islam and M. S. Rahman*
Department of Applied Chemistry and Chemical Technology, University of Rajshahi, Rajshahi - 6205, Bangladesh

(received October 27, 2008; revised June 18, 2009; accepted June 30, 2009)

Abstract. The extraction equilibrium studies of Zn(II) from sulphate medium by di(2-ethylhexyl) phosphoric acid
(D2EHPA, H2A2) in kerosene revealed that the distribution ratio (D) decreased with the increase of initial [Zn(II)] in the
aqueous phase and increased with the increase of equilibrium pH and extractant concentration. The equilibration is reached
within 2 min. The species extracted into the organic phase is thought to be ZnA2.HA. The pH and extractant dependencies
were about 2 and 1.67, respectively. The distribution ratio decreased with the increase in sulphate ion concentration in the
aqueous phase. The extraction equilibrium reaction is suggested as Zn2+

aq
 +1.5 (H2A2)org ↔ [ZnA2.HA]org +2H+

aq. The
extraction equilibrium constant (kex) for the above reaction was calculated to be 10-2.26. The extraction process was
endothermic in nature having positive DH value of 16.27 kJ/mol. The loading of D2EHPA by Zn(II) is about 4.50 g of
Zn(II) by 0.10 M D2EHPA. Possible reaction mechanism has been suggested based on distribution data, extractant
concentration and equilibrium pH of the aqueous phase.
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wide shortage of zinc and consequently its high price.
Recovery of zinc from waste zinc containing materials is now
a major interest in hydrometallurgy. The present study was
undertaken to explore the possibility of extraction of zinc
from comparatively concentrated zinc solutions in presence
of sulphate ions. Various waste zinc materials are best leached
by dilute H2SO4.

Materials and Methods
A standard solution of Zn(II) (1 g/litre) was prepared by dissol-
ving and diluting calculated amount of their respective
sulphate salts (ZnSO4.7H2O) with  distilled water after adding
2.90 cc of 18.337 M H2SO4 and standardized by using atomic
absorption spectrophotometric method [Atomic Absorption
Spectrophotometer (AAS), ANA 180, Tokyo Photoelectric Co.
Ltd., Japan] at wavelength 217 nm. The test solution was
prepared by taking calculated amount of respective aqueous
stock solution of metal ion in a volumetric flask and then
adding calculated amount of sulphate ion as either H2SO4 or
Na2SO4 and made up to the mark by distilled water. After
mixing, the solution was taken in a beaker for pH adjustment
using dilute H2SO4 or anhydrous Na2CO3.

The extractant D2EHPA having 98% purity was used without
further purification. All other chemicals were of reagent grade
and used without further purification. The diluent, kerosene,
was purchased from the local market and distilled when the
colourless fraction was obtained in the range of 200-260 °C.
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Introduction
Among the wide range of heterocycles explored to develop
pharmaceutically important molecules, pyrimidine has
played an important role in medicinal chemistry. Compounds
having a pyrimidine nucleus possess a broad range of bio-
logical activities such as antibacterial (Bekhit et al., 2003),
antiviral (Kumar et al., 2002), anticancerous (Haggarty et al.,
2000), antimalarial (Agarwal et al., 2005), antihypertensive
(Ismail et al., 2006) and anti-inflammatory activities (Sondhi
et al., 2005; Ferri et al., 2003). Some furans are useful for
the inhibition of thrombin formation. Furano derivatives
are also associated with various biological activities such
as antihypertensive, antiallergic, anticonvulsive, anxiolytic,
antiamnestic and antidepressant activities (Nalbandyan
et al., 1999; Sauter et al., 1996; Patil et al., 1984). In
continuation of our search for antimicrobial molecules
(Bhuiyan et al., 2006; 2005a,b,c; 2004), furano- and thieno-
pyrimidine derivatives were synthesized and evaluated for
their anti-microbial  activities.

Materials and Methods
Melting points were recorded with electrothermal melting point
apparatus and are uncorrected. Evaporation of solvents was
performed under reduced pressure on a Buchi rotary evapora-
tor. Thin layer chromatography was performed on Kieselgel
GF254 and visualization was accomplished by iodine flask or
UV Flame. 1H-NMR (500 MHz and 300 MHz) spectrum was
recorded for solutions in deuterio chloroform CDCl3 as

solvent. Chemical shifts were reported in δ unit (ppm) with
reference to TMS as an internal standard and J values are
given in Hz.

Ethyl 2-amino-4,5-diphenylfuran-3-carboxylate (1). A suspen-
sion of ethyl cyanoacetate (2.125 g, 33.3 mmol) and
benzoin (5.24 g, 25 mmol) in DMF (7.5 ml) was treated with
diethylamine (4 ml). After 12 h standing and 12 h stirring, the
mixture was poured onto ice-water (60 ml). The conversion
was checked by TLC (n-hexane:ethyl acetate; 4:1, v/v) on silica
gel which showed complete conversion into the product. The
separated solid was collected by filtration and recrystallized
from ethanol to give ethyl 2-amino-4,5-diphenylfuran-3-car-
boxylate (1) (75%) as yellow crystals, m.p. 208-210 °C.
1H-NMR(500 MHz, CDCl3): δH 9.24 (s, 2H, NH2), 7.96-7.38 (m,
10H, 2×Ph), 2.66 (q, 2H, CH2), 1.03 (t, 3H, CH3).

5,6-Diphenylfuro[2,3-d]pyrimidin-4(3H)-one (2). A solution
of 1 (3.85 mmol) in formamide (5 ml) was refluxed for 2 h.
The precipitate that formed on cooling was filtered and
recrystallized from ethanol to give 2 (70%) as yellow crystals,
m.p. 210-212 °C. 1H-NMR (500 MHz, CDCl3): δH 7.84 (s, 1H,
CH), 7.6-7.4 (m, 10H, 2×Ph), 1.70 (s, 1H, NH).

4-Chloro-5,6-diphenylfuro[2,3-d]pyrimidine (3). A mixture of
pyrimidinone 2 (2.28 g, 10 mmol) and thionyl chloride
(40 ml) was refluxed at 85 °C for 4 h with continuous stirring.
The reaction mixture was then cooled and poured into ice-
water. The obtained precipitate was collected and recrystal-
lized from ethanol to give 3 (64%) as yellow needle crystals,
m.p. 156-158 °C. 1H-NMR (500 MHz, CDCl3): δH 7.84 (s, 1H,
CH), 7.6-7.4 (m, 10H, 2×Ph).*Author for correspondence; E-mail: mosharef65@yahoo.com
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Abstract. Cyclization of heteroaromatic o-aminoester with formamide afforded furo[2,3-d]pyrimidin-4(3H)-one which
was then chlorinated with thionyl chloride followed by displacement by hydrazine hydrate to furnish hydrazinofuro
[2,3-d]pyrimidine. Reaction of hydrazino derivative with formic acid gave furo[3,2-e][1,2,4]triazolo[4,3-c]pyrimidine.
Treatment of hydrazino derivative with aromatic aldehydes afforded arylidenehydrazonofuro[2,3-d]pyrimidine deriva-
tives. Reaction of o-aminonitrile with carbon disulphide, followed by methylation with methyl iodide and subsequent
reaction with hydrazine hydrate afforded hydrazinothieno[2,3-d]pyrimidine. 14 derivatives were synthesized. Some of
these derivatives exhibited pronounced antimicrobial activities against S. typhi, S. aureus, S. dysenteriae, V. cholerae, C.
lunata, A. alternata, C. corchori, F. equeseti and M. phaseolina.

Keywords: aminoester, aminonitrile, furo-pyrimidine, thieno-pyrimidine, antimicrobial activity, pyrimidines
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Introduction
The spread of fake and substandard drugs is a major problem
in both the developed and the developing countries. The
existence of counterfeit and substandard drugs particularly
antibiotics and antiparasitic agents (Frankish, 2003; WHO,
1999; Wondemagegnehu, 1999; Shakoor et al., 1998; Anon,
1993) have been increasingly reported in the developing
countries where drug regulations are ineffective (Newton
et al., 2001; WHO, 1999). Drugs that treat serious diseases
such as malaria, tuberculosis, AIDS or other infections are
more often the object of counterfeit (Ahmad 2004; Pincock,
2003). Consistent with the recommendations of the WHO
(1999) the World Health Organization launched the Inter-
national Medical Products Anti-Counterfeiting Taskforce
(IMPACT) in February 2006, to stop the production and
trading of fake medicines.

In Pakistan, although Drug Regularity Authority and drug
laws are in function, the problem exits and the extent of
problem is not known due to unavailability of data. Aim of
the present study is to evaluate various market brands of
antiinfective drugs to provide a data base as a ground for
better implementation of drug laws in the country. Fluoro-
quinolones are synthetic anti-bacterial agents derived from
the first pyrridone-beta-carboxylic derivative, nalidixic acid
(Bryskier and Lowther, 2002). Fourteen brands of three types
of quinolone derivatives are the focus of the present evalua-
tion study.

Materials and Methods
Three types of quinolone derivatives were selected for the
study: ciprofloxacin, ofloxacin and levofloxacin. Four brands

of each type i.e. total of twelve samples were collected from
local market and reference standards of USP grade were used.
After identification, the drugs were analyzed for their disinte-
gration time, dissolution rate and assay by spectrophotometer
and HPLC.

Identification of active ingredient. E1% solution of the
ingredients were prepared in 0.1M HCl and absorbance
was measured by UV-Vis spectrophotomer Perkin Elmer
Lambda 35. ëmax  for ciprofloxacin was 276 nm and for ofloxacin
and levofloxacin, it was 294 nm.

I. EVALUATION OF CIPROFLOXACIN

Disintegration time. Test was carried out according to the
specifications of British Pharmacoepoeia (2007).

Dissolution test. Test was carried out according to United
States Phamacopoeia (2004) with 900 ml of 0.01N HCl in each
basket; temperature was adjusted at 37±1°C. The rotation of
the paddle was adjusted at 50 rpm and the run time of the
apparatus was 30 min.

Sample preparation. Sample was drawn after 30 min, filtered
and cooled down to room temperature. 9 ml of this solution
was taken in a 100 ml flask and diluted with 0.01N HCl to
25μg/ml concentration.

Standard preparation. For preparation of the working
standard, 291 mg ciprofloxacin HCl, equivalent to 250 mg
ciprofloxacin, was weighed in 100 ml volumetric flask and
dissolved in 0.01N HCI till the volume was up to the mark.
1ml of this solution was further diluted up to 100 ml with
0.01N HCl (25 μg/ml).

Absorbance of the standard and the sample solution was
measured at 276 nm taking 0.01N HCl as blank.
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Abstract. In the evaluation of three different groups of 12 brands of locally manufactured Quinolone tablets available in the
market i.e. ciprofloxacin HCl, ofloxacin and levofloxacin hemihydrate, it was found that composition of active ingredients
were within the range of pharmacoepial limits but their disintegration time and rate of dissolution were different, some being
very close to the lower pharmacoepial limit. One product was substandard having high disintegration time and very low rate
of dissolution.
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Introduction
Food products get easily contaminated with spoilage/
pathogenic bacteria, which not only causes public health
problems but is also associated with great economical
losses (Sharma and Kapoor, 2004). Several processes have
been developed to enhance the safety and shelf life of
perishable foods with chemical preservatives. However,
experiencing the adverse side effects of chemical preser-
vatives on human health, efforts are currently underway on
the search for safe products of natural origin; ultimately,
biopreservation has emerged as an attractive approach for
food preservation.

Biopreservatives are biologically derived antimicrobial
substances which arrest/retard growth of spoilage-causing
microorganisms thus contributing preservative potential to
foods (Marekova et al., 2007). Among biopreservatives, bac-
teriocins are catching rapid attention and believed to be safe
for human consumption since these become inactive
when treated with protease. These are mostly heat stable and
wider pH tolerant, thus can withstand heat,acidity/alkalinity
of food during storage conditions. In recent years, several new
bacteriocins  have been obtained from different species of
Bacillus and purified (Sharma and Gautam, 2008). Important
bacteriocins, purified so far, are nisin, diplococcin, acidophilin,
bulgaricin, helviticin, enterocin, lacticin and plantaricin
(Xiaomei et al., 2006; Ogunbanwo et al., 2003).Out of all
bacteriocins, only nisin has got the GRAS (Generally Recog-

nized as Safe) status and is used commercially to preserve
various dairy products (Jeevaratham, et al., 2005) while
others are still in the process for commercialization. Nisin,
though very effective, has limitations in its use due to narrow
pH specificity. Thus, consistent efforts are being made for
isolating bacteria capable of producing novel bacteriocin-
like-substances (BLIS) for food preservation at wider scale.
Bacillus lentus isolated from fermented dough was reported
for the first time to produce BLIS having characteristics
desirable for food preservation (Sharma et al., 2006). The
BLIS of B.lentus has been found to withstand heat and
acidity/alkalinity of foods during storage conditions, to be
stable for longer period and to express inhibition against a
broad range of selected food pathogens. Thus, keeping in mind
these attributes, an effort has been made to purify and charac-
terize it with the aim of using it as a high profile food
biopreservative.

Materials and Methods
Isolate used. Bacillus lentus, BLIS producer, showing very
high  activity units was isolated from dough, a traditional food
of  Himalayan states of India (Sharma et al., 2006), and used
in the study.

Test indicators. Test indicators, used for analyzing the
pattern of antimicrobial activity, were: Escherichia coli, Staphy-
lococcus aureus, Salmonella typhimurium, Aeromonas
hydrophila, Listeria monocytogens MTCC 1143, Leuconostoc
mesenteroides MTCC107, Enterococcus faecalis MTCC 2729,
Pseudomonas aeruginosa and Lactobacillus sp.

Abstract. Molecular weight of bacteriocin like substance (BLIS) of a new strain of Bacillus lentus 121 was found to be
approximately 11 kDa. Purification of BLIS was attained by single step gel exclusion chromatography. BLIS was
characterized by studying the inhibitory spectrum. It was active at broad pH range, high temperature and high NaCl
concentration and showed sensitivity to proteolytic enzymes like trypsin, α-chymotrypsin and papain, the characters
desirable for food preservation. BLIS extended the shelf stability of milk upto 21 days as a biopreservative.

Keywords: bacteriocin like inhibitory substance, BLIS, B. lentus, antimicrobial activity, biopreservative
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Introduction
The genus Triticum, both wild and cultivated, has been one of
the most intensively studied groups of plants. Hexaploid wheat
(2n = 6x = 42, Triticum aestivum L.) (~600 million tons is pro-
duced annually) is the most widely adapted of the major crops,
thus offering potential for increased food production. It includes
domesticated diploid and tetraploid wheats as well as rye (Secale
cereale) and barley (Hordeum vulgare) (Huang et al., 2002).

Cytogenetical investigation is one of the best documented
experimental proofs for the elucidation of the mode of specia-
tion on different groups of plants (Zohary, 1984; Kumar and
Rai, 2007).

The morphological and chromosomal studies are necessary
for inducing genetic variations, transfer of useful characters
and for study of genetic and cytogenetic variations using
cluster analysis between genotypes (Siahsar et al., 2005). Studies
of the morphology of chromosomes in hexaploid wheat
have been made by many workers (Jahan and Vahidy, 1989;
Kimber, 1971; Khan, 1963; Schulz-Schaeffer and Haun, 1961).

Karyotype analysis has played an important role in the
identification and designation of chromosomes in many plant

species. Among others, morphometric investigation of the
karyological data can be studied through multivariate proce-
dures including principal component and cluster analysis.
Principal component analysis (PCA) is a multivariate statisti-
cal technique for exploration and simplifying complex data
sets through transforming a number of possibly correlated
variables into a smaller number of variables called principal
components (Everitt and Dunn, 1992).

Cluster analysis can be used to identify variables which
can be classified into main groups and subgroups based
on similarity  and dissimilarity. This technique is useful
for parental selection in breeding programs (El-Deeb and
Mohamed, 1999) and crop modeling ( Leilah and Al-Khateeb,
2005; Siahsar et al., 2005; Jaynes et al., 2003; Morphy,
et al., 1992; Souza and Sorvells, 1991).

In this experiment, we performed karyological and morpho-
metric evaluations in a population of diplo-tetra- and hexa-
ploid wheat genotypes to estimate the best parameters inter-
preting the genetic diversity using karyological features.

Materials and Methods
Plant materials. The experiment consisted of five F8 double-
haploid lines, obtained as somaclones via regeneration ofAuthor for correspondence: E-mail: ehabk63@yahoo.com

Abstract. Karyomorphological and morphometric investigations of different ploidy levels of 14 genotypes of Triticum
aestivum L. and one genotype of Triticum durum Desf.  showed that, total chromosomal length (TCL) varied between
genotypes. The highest value (56.21 μm) was recorded with mean chromosomal length of 8.03 ± 0.81 μm, while the
lowest value of TCL (31.65 μm) was found with mean chromosomal length (MCL) of 4.52 ± 0.41 μm. Simple Pearson
correlation coefficient (r) between TCL and MCL was the highest (r = 1.0 and P = 0.000). While the correlation
coefficients between mean arm ratio (MAR) and parameters: total form (TF),  intrachromosomal asymmetry index (A1)
and m (karyotype; metacentric region chromosome) as well as the coefficients between TF and m and between A1 and
m were the only significant (P<0.01) ones. Intrachromosomal asymmetry had a significant (P = 0.000) effect of total
form percent than interchomosomal index. TCL and MCL were the most important karyological features influencing the
principal component analysis and had 81.7 % variation, while in combination with MAR revealed 94% variation.
Cluster dendrogram revealed close association and adjacent phylogenetic relatedness of tri- and hexaploid and also tetra-
and hexaploid genotypes.

Keywords: cluster analysis, karyotype features, principal component analysis, wheat (Triticum aestivum L.),
genotypes
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Introduction
Cisplatin, or cis-diamminedichloroplatinum (II) (CDDP) is exten-
sively used for the management of oncological disorders,
particularly of ovary, testis, bladder, head and neck (Hamers
et al., 1991). Although higher doses of cisplatin are more effi-
cacious for cancer chemotherapy, but such therapy manifests
non-haematological toxicities like nephrotoxicity (Bodenner
et al., 1986). Formation of free radicals by CDDP (Matsushima
et al., 1998), leading to oxidative stress, has been shown to be
one of the main pathogenic mechanisms of these toxicities
and side effects of nephrotoxicants (Greggi et al., 2001).

Antioxidant-based drugs/formulations for the prevention and
treatment of complex diseases like atherosclerosis, stroke, dia-
betes, Alzheimer’s disease and cancer have appeared during
the last 3 decades (Devasagayam et al., 2004) attracting a
great deal of interest in research on natural antioxidants.
Subsequently, a worldwide trend has increased towards the
use of natural phytochemicals present in berry crops, tea,
herbs, oilseeds, beans, fruits and vegetables (Jiao and Wang,
2000). Several herbs and spices have been reported to exhibit
antioxidant activity, including rosemary, sage, thyme, nutmeg,
turmeric, white pepper, chilly pepper, ginger and several
Chinese medicinal plants extracts (Ali et al., 2008; Lee and
Shibamoto, 2000; Jiao and Wang, 2000; Deiana et al., 1999).
The majority of the active antioxidant compounds are flavo-
noids, isoflavones, flavones, anthocyanins, coumarins,
ligands, catechins and isocatechins. In addition to the above
compounds found in natural foods, vitamins C and E,
carotene, α-tocopherol are known to possess antioxidant
potential (Maliakel et al., 2008; Lee et al., 2003; Kikuzaki and
Nakatani, 1993; Jitoe et al., 1992; Kikuzaki et al., 1991).
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Ameliorative Effect of Ethanolic Extract of Cichorium intybus
on Cisplatin - Induced Nephrotoxicity in Rats
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Abstract. In the study of the possible ameliorative effect of the Cichorium intybus vs. cisplatin-induced nephrotoxicity,
no sign of toxicity was observed in rats on administration of ethanolic extract of C. intybus (500 mg/kg) with cisplatin
(3 mg/kg). Oral administration of C. intybus extract reduced cisplatin-induced nephrotoxicity and also prevented elevated
plasma creatinine, urea and nitrate, plasma and tissue MDA levels and restored antioxidant enzymes.

Keywords: cisplatin, Cichorium intybus, nephrotoxicity, antioxidant enzymes

*Author for correspondence; E-mail: tab60@hotmail.com

Cichorium intybus Linn. (chicory) is a medicinally important
plant that belongs to the family Asteraceae. (Nandagopal  and
Ranjitha,  2007; Varotto et al., 2000). The root of the chicory
has been used as folk medicine in Pakistan for treating liver
diseases and hepatic system disorders. A group of clinical
researchers recently isolated a phenolic compound called
esculetin from the extract of C. intybus root and further con-
firmed that it is a hepatoprotectant compound. This extract
inhibited the oxidative degradation of DNA in the tissue
debris of mice liver (Gilani et al., 1998). Ahmed et al. (1998)
reported antiulcerogenic effect of the aqueous extract of
C. intybus.

A decoction of dried root is a noted treatment for stomach
acidity. The tonic property of C. intybus makes it an excellent
mild bitter tonic for the liver, gall-bladder, digestive tract and is
also used for cleaning the urinary tract (Khan and Aslam, 2004)
and in fever, vomiting and as diuretic (Hussain et al., 2008).
This herb is used for rheumatic conditions and gout as well.
The leaves and flowers can aid in digestion. The bruised leaves
are used externally as a poultice for the relief of swellings,
skin lacerations and inflammations (Rehmat et al., 2006).
Moreover, C. intybus reduces extra heat of various organs
and acts as deobstruent, tonic and febrifuge (Aslam, 2006).

C. intybus extract has high antioxidant potential as reported
previously by Nandagopal and Ranjitha (2007). Despite the
above described role of C.intybus in the treatment of various
diseases, no attempt has been as yet made to investigate its
role as an antioxidant in prevention of drug-induced nephro-
toxicity. The present study was designed to evaluate the role
of altered antioxidant enzymes in the ameliorative effect of
C. intybus on cisplatin-induced nephrotoxicity, using rat
models.
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Introduction
In the face of the unrelenting use of fossil fuels and its
determental effects on human life and environment, finding
alternative sources of energy has gained particular signi-
ficance. Biodiesel, commonly referred to fatty acid methyl or
ethyl esters, is produced by the transesterifcation process
of the vegetable oils, waste cooking oils and animal fats in the
presence of methanol or ethanol as catalyst. It is gaining
increasing attention as alternative fuel for diesel engines
over the past few years, owing to its clean burning and
environmental friendly characteristics. It is renewable,
technically feasible, environmentally acceptable, and readily
available substitute fuel (Correa and Arbilla, 2006). It has
ultra low sulphur (Ebiura et al., 2005) and is non toxic and
biodegradable (Turrio-Baldassarri et al., 2004) with improved
lubricating efficiency (Agarwal et al., 2003), higher flash point,
higher cetane number and high oxygen content (Krahl et al.,
2003). According to Ramadhas et al. (2005), biodiesel and its
blends with fossil diesel can be used as alternative fuels in
compression ignition (CI) engine without modification or
adjustment in it.

In, Germany, Italy, France, Austria and Sweden, other
European Community member countries and USA, specific

legislations have been enacted to promote the production
and use of biodiesel (Dube et al., 2007; Demirbas, 2007; Korbitz,
1999; Krawczyk, 1996).

India is producing around 6.7 million tons of non-edible oils
from plants such as Karanji (Pongamia glabra), castor, lin-
seed, neem (Azadirachta indica), kusum (Schleichera
trijuga), and palash (Butea monosperma) (Agarwal et al.,
2003).

Many studies focussed on regulated emissions have revealed
that biodiesel reduces CO, HC and PM emissions (Raheman
and Ghadge, 2007; Lebeckas and Slavinskas, 2006; Dorado
et al., 2003). However, if some authors claim decrease in NOx

pollutants with biodiesel (Agarwal and Rajamanoharan, 2009;
Dorado et al., 2003; Peterson and Reece, 1996), majority has
unanimously reported that NOx emissions increase with
biodiesel (Karabektas et al., 2008; Szybist et al., 2007;
Agarwal et al., 2006; Usta, 2005). These discordant findings
concerning the emissions of NOx pollutants are still a dilemma
for researchers working on the exhaust emissions of diesel
engines fuelled with biodiesel, particularly when the engine
is unmodified.

The current work is an effort to investigate, and hence com-
pare the exhaust emissions including CO, HC, smoke and PM
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Abstract. This paper presents the regulated emissions in the light of cylinder pressure and heat release rate (HRR) from
a 4-stroke direct injection (DI) diesel engine fuelled with neat soybean oil-based biodiesel, commercial diesel and 20%
biodiesel-diesel blend. The engine was run using electrical dynamometer at four different engine conditions. The
experimental results revealed that brake power (BP) of the engine decreased but brake specific fuel consumption
(BSFC) increased with biodiesel as compared to diesel. Relative to diesel, the maximum combustion pressure (MCP)
was higher; however, HRR curves were not much deeper in the ignition delay (ID) periods and the premixed combustion
peaks were lower with biodiesel. Carbon monoxide (CO), total hydrocarbons (HC), smoke opacity, and particulate
matter (PM) emissions decreased by 3% to 14%, 32.6% to 46%, 56.5% to 83%, and 71% to 87.8%, respectively;
however, oxides of nitrogen (NOx) increased by 2% to 10% with biodiesel, compared to the commercial diesel. Both
smoke and NOx pollutants were greatly influenced by the MCP. CO, HC, and PM emissions were higher at lower load
conditions compared to higher load conditions, but NOx and smoke pollutants were higher at higher load conditions
relative to lower load conditions.

Keywords:  diesel engine, direct injection, biodiesel, heat release rate, regulated emissions
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Abstract. The solar fish dryer developed for particular conditions of Bishop Village, Lagos, Nigeria absorbs sunlight
with a flat plate collector for its air heater. Mirrors are appended to one of the collector sides to enhance collection of
solar radiations. The dryer is a passive type, tailored to solve the energy needs of the people of the area. On days of high
irradiance, temperature within the solar fish dryer can be as high as 80°C with relative humidity around 10%.

Keywords: renewable energy, flat plate collector, solar fish dryer, fish drying

Introduction
Principal profession of the male population of Bishop village
of Lagos, Nigeria, is catching fish whereas local females work
on its drying. The chief method commonly employed for fish
preservation at the Bishop village is the smoke drying whereas
on a small scale, fish is dried openly in the sun. In the absence
of electric power, the local population did not have access to
other means of food preservation such as refrigeration, freez-
ing or any other method that requires electricity.

Sun drying in open air exposes seafood to contamination such
as dust, flies, insects, birds etc., while the smoke drying tech-
nique can roast or scorch the fish. Protein and vitamin losses
become a major concern at elevated temperatures (above
90 °C) at which fish is dried. The smoke drying method
depends heavily on wood as fuel, a valuable commodity that
can be utilized in building huts and canoes; smoke also
pollutes the environment.

The solar fish dryer presently developed is powered by solar
energy and requires minimum labour. Apart from the initial
investment, the maintenance cost of the solar fish dryer is
negligible. Fish is kept in an enclosure during drying process
and is safe from contamination; it can be dried completely in a
day under optimum sunshine conditions. The women of
village, by employing this technique, can produce better-dried
fish of improved quality, thus bringing in its better monetary
value. Principally made for drying the fish, the dryer can be
used for drying vegetables and other related foods, as well.

Principle involved. Food preservation is based on the removal
of moisture from foods upto the level at which it cannot sup-
port the growth of microorganisms and, hence, stops spoil-
age of food (Desrosier and Desrosier, 1987).

In the developed solar fish dryer, solar energy is employed to
heat the air that passes through the drying chamber and removes
moisture from the fish along its convective path (Boyo, 2001).

Construction of solar fish dryer. Figure 1 shows essential
features of the solar fish dryer. It is composed of a flat plate
collector “C” (Ikejiofor, 1985; Sayigh, 1979) for air heating, a
drying chamber “D” and mirrors A and B. The drying chamber
is made of hard wood in the form of a stool which stands 80 cm
above the ground. The base of the drying chamber is lined
with blackened aluminium to absorb radiations and also to
protect the wooden frame of the chamber from fish oil drip-
pings when the dryer is in use. The outlets at the drying cham-
ber are regulated in such a way that proper temperature for
fish drying is attained (below 80° C). Mirrors ‘A’ and ‘B’ are
put in place to converge sun rays towards collector plate and
drying chamber “D”.

The dryer can be positioned in such a way that its mirrors ‘A’
and ‘B’ face southward, so that while the sun traverses its
path (east to west), it can function without human involve-
ment. Otherwise it would be cumbersome to reorient the
mirrors for receiving direct sunlight.

Collector plate “C”, placed at a tilt angle of 40° relative to
horizontal, allows the hot air flow into the drying chamber “D”
via convective air drift, reducing humidity within the drying
chamber (by the replacement of wet cool air through inflow of
dry hotter air); it thus accelerates evaporation of moisture
from surface of the fish. A fraction of heat is transferred from
hot air to fish, which increases its temperature and helps in
migration of moisture to the surface of fish.

The factors that enhance drying speed include:
1. High temperature
2. Low relative humidity




