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Separation of Ti(1V) and Fe(II1) from Aqueous Sulphate Solution by Cyanex 
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Abstract. Extraction and separation of Ti(lV) and Fe(II1) from aqueous sulphate solution by Cyanex 272 [bis(2,4,4- 
trimethylpentyl) phosphinic acid] in kerosene was investigated. Extraction of Ti(IV) and Fe(lll) increased with the 
increase of extractant concentration and decreased with the increase of aqueous phase acidity. About 95% Ti(1V) and 
24% Fe(II1) was extracted with 0.20 M Cyanex 272 and 0.25 M H,SO,. It was thought that Fe(II1) was extracted in the 
organic phase by the formation of the species F e q  or Feq(HA), and Ti(IV) as TiO,.A,. Data shows that Cyanex 272 
can be used as a very effective extractant for Ti(IV) extraction from ilmenite leach solution at high acidity showing large 
separation coefficient for Ti(1V) fiom [Ti(IV) and Fe(III)] mixture. The maximum separation factor (S=l16.50) was 
obtained at moderate acidity (0.90 M H,SO,) with high extractant (0.20 M Cyanex 272) concentration. The experimen- 
tal data aIso suggested that the extraction of Ti(IV) and Fe(Il1) by Cyanex 272 did not folIow simple extraction 
mechanism for all the acid ranges. It is IikeIy that solvation mechanism may be operative at high acidity of the aqueous 
phase. 

Keywords: solvent extraction, Ti-Fe separation, suIphate solution, Cyanex 272, kerosene 

Introduction 

Iron(II1) coexists as an impurity with other valuable metals, 
such as titanium, cobalt, copper, nickel, manganese, zirconium 
etc in leach solutions. It is necessary to remove it before the 
recovery of pure metals fiom solutions. The removal of iron 
by solvent extraction is widely studied as an alternative to 
solid-liquid separation. Solvent extraction is one of the most 
effective extraction and separation techniques in hydrometal- 
lurgy which has been in use for more than three decades for 
its versatility and simplicity. The extractant Cyanex 272 is a 
proprietary technical grade item of Cytec Canada Inc. Its 
active component is bis [2,4,4-trimethylpentyl) phosphinic 
acid (Cyanex 272 = HA). The structure of Cyanex 272 is as 
follows: 

1990). However, other metal ion pairs have also been investi- 
gated for separation (Awwad el a / . ,  2009; Bari et al., 2009a,b; 
Parhi and Sarangi 2008; Da Silva et al., 2008; Deep et al., 2006; 
Nathsarma and Niharbala 2006). Even though Cyanex 272 
is selective for cobalt in the presence of nickel, a variety of 
several cations such as Fe(III), V(IV), Ni(II), Zn(II), Co(ll), 
Cd(II), Cu(II), Mg(II), AI(III), Ca(II), Mn(I1) can also be 
extracted depending upon the solution pH, fiom both chlo- 
ride and sulphate media (Shiau et al., 2005; Fontana et al., 
2005; Mandar et al.,  1999; Rickelton 1996; Kathryn and Sole 
1995; Boyle and Rickelton 1990; Sastre et al., 1990). 

Cyanex 272 is totally miscible with common aromatic and 
aliphatic diluents and is extremely stable to both heat and 
hydrolysis. There seems to be no report on Ti(IV)/Fe(III) sepa- 
ra t i~n by Cyanex 272 in kerosene. Although the extraction of 
Ti(1V) and Fe(II1) by Cyanex 272 has been widely studied 60m 
an equilibrium point of view, so far, the system has not been 
studied from the separation point of view, though separation 
using carboxylic acids and di-2-ethylhexyl phosphoric acid 
was attempted in the past. 

The extraction and separation of titanium and iron by 
This technical grade extractant has been used since 1983 and carboxylic acids, carbolic and carpic acid ( 1 ~ 1 ~ ~  et 
found to be Very effective for the extractive separation of 1988) is very low. ~ h ~ ~ g h  the reports on his (2-ethylhexyl) 
Co(I1) 6om ~i(11)  (Parhi eta/ . ,  2008a; Gandhi eta/.,  1993; Tait, phosphoric acid (Islam et al., 1979) had been satisfactory, 
1993; ~ a n e s i  et al., 1984; Preston, 1983; Chou and Beckstead, complete removal of iron was not achieved in a single opera- 

for E-mail ~ - h a m i m ~ o o , c o m  tion. There are numerous reports on the extraction, separation 



Synthesis and Characterization of Valero and Isovalero Hydroxamic Acids
and their Complexes with Zn(II) And Al(III)
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Abstract. Valerohydroxamic acid (VAH) and isovalerohydroxamic acid (IVAH) were synthesized and  characterized
by m.p. and pKa determination, IR and 1H NMR studies. The ligands were complexed with Zn2+ and Al3+ and the
complexes were characterized by metal analysis, IR and conductance studies. Antimicrobial studies of all the com-
pounds were carried out. The pKa of the ligands are 9.50 ± 0.01 (VAH) and 9.51± 0.01 (IVAH) at 25 °C and ionic
strength is 0.1 mol/dm3, while their melting points are 77.8 °C and 76.8 °C, respectively. IR and 1H NMR data are
consistent with the proposed formula. The complexes are non-electrolytes in EtOH. Coordination mode (0,0) is consis-
tent with the IR data of the complexes. The compounds exhibited no significant antimicrobial activity.

Keywords: hydroxamic acid, matrix metalloproteases, zinc, aluminum, valerohydroxamic acid
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Introduction
Hydroxamic acids are compounds that have one or more
CON(H)OH groups. These compounds play important bio-
logical role due to their metal complexing ability (Kurzak et
al., 1992). They are also important due to their pharmaco-
logical, toxicological and pathological properties (Nielands,
1968). They are intimately associated with iron transport
phenomena in microbes (Kehl, 1982) and are also able to
chelate other metal ions. In fact, the only drug currently avail-
able for the treatment of aluminum overload is desferrioxamine
B (a tris-hydroxamate) (Kaim and Schwederski, 1994).

The matrix metalloproteases (MMPs) are a class of zinc con-
taining hydrolytic enzymes necessary for tissue remodeling
and healing cascade (Levy et al., 1998). Malfunction in MMP
activity can contribute to many diseased conditions (Holleran
et al., 1997; Weckroth et al., 1996). Wounds possessing too
much MMP activity may become ulcerated rather than heal
properly (Chiu et al., 2005). Consequently, the inhibition of
MMPs has received great attention. Prominent among the
successful MMP inhibitors is the hydroxamate functional
group as the zinc binding group (ZBG). The mode of coordi-
nation of hydroxamates to metal ions is also important.
While most reports reveal coordination via the hydroxamate
O atoms (Nwabueze, 1996; Brown and Roche, 1983; Brown
et al., 1979), coordination via N atom is also known (Brown
et al, 1982). Besides many reports available on metal com-
plexes of some hydroxamic acids, a few reports are on those
of VAH and IVAH (Porcheddu and Giacomelli, 2006:
Katritzky et al., 2003).

This work reports the synthesis of VAH and IVAH, their
characterization and complexation with Zn2+. An understand-
ing of their mode of coordination will give more insight into
the interaction of hydroxamates with Zn2+ and Al3+ in biologi-
cal systems.

Materials and Methods
Preparation of hydroxamic acids. Hydroxamic acids were
prepared by the adaptation of the method described in the
literature (Nwabueze, 1996; Brown and Roche, 1983).

Valerohydroxamic acid (VAH): Sodium metal 11.5 g (0.5
mol) was dissolved in 250 ml of distilled MeOH and added
to a solution of hydroxylamine hydrochloride 34.5 g (0.5
mol) in 250 ml of MeOH. The mixture was cooled to room
temperature, 75 ml (65.6 g; 0.5 mol) of ethylvalerate was
added and stirred for one h. A solution of 11.5 g (0.5 mol) of
sodium metal in 250 ml MeOH was further added and stirred
for 20 min. The mixture was filtered to remove the precipi-
tated NaCl and the filtrate was acidified with conc. HCl.
The precipitated NaCl was removed by filtration and the
filtrate was left in a deep freezer for two weeks. The resul-
ting crystals were filtered and recrystalized in ethyl  acetate
(yield 72%).

Isovalerohydroxamic acid (IVAH) was prepared similarly
using 75 ml (65.6 g, 0.5 mol) of ethyl isovalerate (yield
68%).

Preparation of complexes. Zn (II) Complexes: A solution
of ZnCl2 1.36 g (0.01 mol) in 25 ml of ethanol was added to a
solution of valerohydroxamic acid 2.34 g (0.02 mol) in 10 ml
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Introduction
Non steroidal anti-inflammatory drugs (NSAIDS) are a
heterogeneous family of pharmacologically active compounds
used in the treatment of acute and chronic inflammation, pain
and fever. Heterocyclics, bearing a symmetrical 1,2,4-triazole
moiety, are reported to possess a broad spectrum of pharma-
cological properties such as anti-inflammatory (Braccio et al.,
2008; Metwally et al., 2008), analgesic (Goksen et al., 2007),
antimicrobial (Kavegoudae et al., 2008) and anticonvulsant
(Srivastava et al., 2002). A survey of literature revealed that
1,2,4-triazole has received much attention during recent years
on account of their prominent utilization as antifungal (Reddy
et al., 2008), analgesic (Mohd et al., 2007) and anti-inflamma-
tory agents (Dunder et al., 2007). Substitution at third and
fourth position of 1,2,4-triazole heterocyclic ring by aromatic/
heterocyclic moieties plays a pivotal role in modulating the
anti-inflammatory activity. Moreover, the substitution of
indolyl/azetidinonyl/thiazolidinonyl moieties at different
heterocyclic nuclei remarkably change the anti-inflammatory
activity. Hence, synthesis of some new derivatives of 1,2,4-
triazole was undertaken by incorporating indolyl/azetidinonyl/
thiazolidinonyl moieties in a singular frame in the hope of
finding better anti-inflammatory agents.

Chemistry
The target 1,2,4-triazole derivatives were synthesized accor-
ding to Scheme 1. The reaction of substituted acid hydrazides
with hydrazine hydrate in ethanol afforded the corresponding
substituted potassium di-thiocarbazinates in high yields
(85-90%). The di-thiocarbazinates were converted to 1-amino-

5-mercapto-1,2,4-triazole (3a-d) using hydrazine hydrate in
water (63-70% ). 4-((Amino methylene)-(2'-substituted phenyl)-
5''-methoxyindol-3'-yl)-3(substituted phenyl)-5-mercapto-
1,2,4-triazole (4a-h) were prepared by the reaction of substi-
tuted 1,2,4-triazoles with 2-substituted phenyl-5-meythoxy
indol-3-aldehydes in absolute ethanol (50-60%). To reaction
mixture of compounds (4a-h) in dry benzene and chloroacetyl
chloride triethylamine was added and 4-((5''-methoxy-2''-subs-
tituted phenylindole-3''yl)-(3'-chloro-2'-oxoazetidin-1'yl))-3-
substituted phenyl-5-mercapto-1,2,4-triazoles (5a-h) (41-48%)
was obtained. 4-(5''-methoxy-2''-substituted phenyl indole-
3''yl)-(2'-oxothiazolin-1'yl)-3-substituted phenyl-5-mercapto-
1,2,4-triazoles (6a-h) were synthesized by the mixture of
compounds 4a-h and thioglycolic acid in the presence of a
pinch of anhydrous zinc chloride in methanol (35-45%). The
purities of all synthesized compounds were determined by
thin layer chromatography using several solvent systems of
different polarity.

Materials and Methods
All reagents and solvents were generally used as received
from the commercial supplier. Reactions were routinely
performed in oven dried glassware. Melting points were
determined with an electro-thermal melting point apparatus
and are uncorrected. The homogeneity of all newly synthe-
sized compounds was checked by thin layer chromatography
(TLC) on silica gel G coated plates. The eluent was a mixture
of different solvents in different proportions and spots were
visualized under iodine chamber.

General procedure for the preparation of substituted acid
hydrazides (1). The ester of substituted acids (0.1 mol) was
dissolved in ethanol (10 ml) and hydrazine hydrate (0.1 mol)

Pak. J. Sci. Ind. Res. 2009 52 (5) 243-252

Abstract. A new series of 4-[2'-(substituted phenyl)-5'-methoxy indolyl azetidine-1-yl/thiazolin-1-yl-3-(substituted
phenyl)-5-mercapto-1,2,4-triazoles were designed, synthesized and tested for anti-inflammatory and analgesic activities.
All compounds were screened in vitro for anti-inflammatory activity against carrageenan induced rat paw oedema and
tested for their analgesic activity against phenyl quinone induced pain syndrome in mice at a dose of 50 mg/kg p.o. All the
compounds of this series have been analyzed and confirmed by elemental (C, H, N) and spectral methods, i.e. I.R., 1H-
NMR, 13C NMR and mass spectrometry data.

Keywords: 1,2,4-triazole, indolylazetidinoyl, indolylthiazolidinoyl, anti-inflammatory activity, analgesic activity
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Abstract. The occurrence and seasonal changes of polycyclic aromatic hydrocarbons (PAHs) in oil-contaminated sediment
from selected oil areas of Ondo State, Nigeria were studied using gas chromatography–mass spectrometry. Six PAHs were
identified and quantified with phenanthrene and carbazole, recording the highest and the least concentrations during the dry
and wet seasons. Mean PAHs content ranged from 0.06 - 4.42 ìg/g and 0.09 - 6.0 ìg/g during the dry and the wet seasons,
respectively. Significant correlations were observed (α = 0.05) between the two seasons but without significant mean
difference (p = 0.05). For anthracene and phenanthrene, the compound toxic units (TU) were >> 1 and far exceeded the
available consensus-based guidelines about the expected adverse effects. Results of the study call for further investigations
especially with aquatic species due to the transfer of PAHs to humans via food chain.

Keywords: sediments, hydrocarbons, polycyclic aromatic hydrocarbons, gas chromatography mass spectrometry, oil
spill

Introduction
Increasing exploration and exploitation of petroleum in the
Ondo coastal region of Western Nigeria has lead to greater
risk of contamination from oil spill. Prominent among the
hydrocarbon residue resulting from oil spill are the polycyclic
aromatic hydrocarbons (PAHs) (Koh et al., 2004; Law et al.,
2002). Sources of production of PAHs are both natural and
human. Because of their low aqueous solubilities (0.003 to
0.34 mg/litre) and high octanol-water partition coefficient (log
Kow = 3.4 – 7.6), PAH compounds in aquatic system tend to
be associated with sediment and biota (Kannan et al., 2005;
Koh et al., 2004; NOAA, 1998). Sediments, in general, have
been employed to monitor the pollution of aquatic environ-
ments for the reason that PAHs, generally existing in low con-
centrations in the water column, have a propensity to associ-
ate preferentially with the sediments and attain considerable
concentration (Kurunthachalam et al., 2008; German Ministry
of Environment, 1993; Forstner and Wittmann, 1983).

Aromatic hydrocarbons are generally more toxic than aliphatic
ones, with their toxicity increasing with the increase in the
number of rings and degree of alkyl substitution. However,
solubility decreases with increasing number of rings and alkyl
groups. Thus, the most toxic petroleum hydrocarbons may be
the compounds of 4-5 ring aromatics, although the most toxic
contribution may be exerted by mono or dinuclear aromatics.

Research shows PAHs have negative effect on humans, mam-
mals, invertebrates, birds and fish. As of 2001, about 17 PAHs
have been registered as priority pollutants and with sufficient
evidence to be considered toxic, carcinogenic and mutagenic
(Zahodiakin, 2002; US EPA, 1993).

Studies have shown that each source of PAHs has a charac-
teristics pattern and the usefulness of PAH isomer ratios, such
as phenanthrene/anthracene (tricyclic aromatic, MW178) can
be demonstrated for source identification (Ololade and Lajide,
2009; Ikenaka et al., 2005). Lower molecular weight PAHs e.g.
phenanthrene and anthracene are known to be acutely toxic
to aquatic organisms and are more easily degraded unlike the
higher molecular weight compounds which tend to predomi-
nate in sediments where they are subjected to burial,
resuspension, and degradation reactions (Villeneuve et al.,
2002). The biodegradation of PAH probably occurs more slowly
in aquatic system than in soil (Clement Associates, 1985).

Seasonal and historical changes on disposition of PAHs have
been determined using sediment core in several studies
(Ikenaka et al., 2005; Takeda et al., 2003). In fact, aquatic eco-
system remains one of the major sinks of PAH contamination,
which has received most attention because of the lipophilic
characteristics and bioconcentration effect of PAHs (Guzzella
and Depaolis, 1994). Moreover, due to the environmental sig-
nificance of PAHs, extensive studies of bottom sediments of
Lorence Greek Lake and urban run off have been carried out
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Introduction
Ducrosia anethifolia, Bunium persicum, Bunium cylindricum
and Ammi majus are herbs of the family Umbelliferae. These
plants abundantly grow wild in areas such as Gilgit, Swat,
Hazara, Zargon and the province of Baluchistan, while Ammi
majus has been successfully cultivated in the Punjab,
Baluchistan and North West Frontier Province of Pakistan.
These plants and their roots have been widely used in
medicines as carminative, astringent, diuretic, expectorant,
anthelmintic, in dental preparations, cosmetics and as
insecticides. They are also used in many food products as
condiments, component of various flavouring agents used
in beverages and find extensive use in curry powders. The
seeds are also reported to possess hi-cough curing proper-
ties. The medicinal values of A. majus have also been des-
cribed in the old Arabic literature, where the seeds of the
plant have long been used for the treatment of leucoderma
(Dymock, 1972).

The oils extracted from the cultivated species of Celery,
Daucus, Apium graveolens, Feniculum vulgare and Cuminium
cyminum have already been studied for their fatty acid
compositions (Hilditch and Williams, 1964).

The seed oils of D. anethifolia, B. persicum, B. cylindricum
and A. majus wild species have already been extracted and
chemically evaluated. The fatty acid profiles of these seed
oils are supposed to be similar to that of other cultivated
members of this family as indicated in the earlier studies on

Celery, Daucus carota, A. graveolens, F. vulgare and C. cyminum
(Waheed et al., 2000, Mallet et al., 1990).

Predominant occurence of petroselinic acid, as the major
constituent of triglycerides, is established in both wild and
cultivated species but the percentage of this particular fatty
acid has considerable variations in the seed oils of different
members of the Umbelliferae family. These variations may be
due to changes in climatic conditions, geographical variations
of the soil and the health of the plants (Waheed et al., 2000).

Kleiman et al. (1969) and Hilditch and Williams (1964) reported
that the celery seeds contained 20% oil with 66% petroselinic
acid in it. Further studies of Mallet et al. (1990) on D. carota,
A. graveolens, F. vulgare and C. cyminum showed that the
seeds contained 17.3%, 16.7%, 13.9% and 18.4% oil, respec-
tively. These seed oils also contained a high percentage
of petroselinic acid, being 63.5%, 61.6%, 60.6 and 49.0%,
respectively. These four species are expected to be cultivated
as crops and have the potential of becoming a source of
essential and fixed oil-bearing crops.

In view of the high percentage of oil with high percentage of
petroselinic in the members of Umbelliferae family, it was
planned to study the seed oil compositions of wild growing
species of Ducrosia anethifolia, Bunium persicum, Bunium
cylindricum and Ammi majus.

Materials and Methods
Fresh seeds of D. anethifolia, B. persicum, B. cylindricum
and A. majus were obtained from the market in the months of

Pak. J. Sci. Ind. Res. 2009 52 (5) 260-263

Abstract. Seed oils from Ducrosia anethifolia (8.7%), Bunium persicum (16.1%), Bunium cylindricum (15.1%) and Ammi
majus (7.78%) growing wild in Pakistan were studied for their fatty acid composition. GC and degradative oxidation
techniques revealed that the seed oils contained 58.8%, 43.2%, 27.3% and 38.56% petroselinic acid, respectively. Fatty
acids mainly consisted of oleic, linoleic, linolenic and palmitic acids with minor amounts of other saturated fatty acids.
Petroselinic acid was determined by degradative oxidation of the C18 monoenoic ester and GC of the oxidized product
esters. These species with high oil content and high percentage of petroselinic acid can be used as raw material source in
soap and chemical industries.

Keywords: umbelliferae, seed oil, fatty acids, petroselinic acid, Ducrosia anethifolia, Bunium persicum, Bunium cylindricum,
Ammi majus
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Abstract. The present study makes comparative evaluation of biofertilizers (brands Biopower and Biozote) and
chemical fertilizers (urea and diamonium phosphate (DAP)) on yield and the quality of soybean cv.NARC-1. Signifi-
cant increase in number of pods per plant, seed oil content and specific gravity of oil was observed in case of chemical
fertilizer treatment. All the treatments decreased the acid value and free fatty acid (oleic acid) content of oil, maximum
reduction being in the case of Biopower treatment. Biopower treated plant seed oil exhibited higher refractive index and
maximum conversion to methyl esters/biodiesel.

Keywords: biodiesel, biofertilizers, soybean oil, chemical fertilizers

Introduction
Alternative fuels produced from renewable feedstock re-
sources are gaining popularity these days. Biodiesel is one of
such alternative fuels produced from vegetable oils. The com-
mercial scale production of biodiesel has many socio-eco-
nomic benefits. The main advantages of biodiesel is its biode-
gradability, and emission of better quality of exhaust gases,
given that all the organic carbon present is photosynthetic in
origin (Barnwal and Sharma, 2005).

Chemical fertilizers are unavoidable in increasing crop yield
but they have been found to adversely affect ecosystem and
are rather expensive with limited resources. On the other hand,
biofertlizers are sustainable and environment friendly.
Biofertilizers have emerged as a promising component of inte-
grating nutrient supply system in agriculture (Bloemberg et
al., 2000). They mainly include nitrogen fixing, phosphate solu-
bilizing and plant growth promoting microorganisms (Goel et
al., 1999). Chauhan et al. (1995) found that application of
biofertilizers markedly increased the pod number and seed
yield of Brassica juncea L. plants over the non-inoculated
ones. Goel et al. (1999) reported that inoculation of plants
with growth promoting rhizobacteria (PGPR) enhances crop
productivity either by making the other nutrients available or
protecting plants from pathogenic microorganisms. Zodape
(2001) reported that increase in productivity with biofertilizer
application is due to microelements and plant growth regula-
tors contained in the fertilizer. Shehata and El-Khawas (2003)

reported that oil contents and seed yield in sunflower signifi-
cantly increased in response to biofertilizer application as
compared to the control.

Soybean (Glycine max L.) Merrill is among the most impor-
tant oilseed crops containing 18 to 22 percent oil with 85%
unsaturated fatty acids and is widely used for biodiesel
production. In view of the limited availability of biodiesel
resources, the present investigation was carried out to
compare the effects of chemical fertilizers and biofertilizers on
the yield and quality of soybean oil pertaining to biodiesel
production.

Materials and Methods
The experiment was carried out in complete randomized de-
sign in green house at the Department of Plant Sciences, Quaid-
e-Azam University, Islamabad. Seeds of soybean cv. NARC-1
were obtained from National Agriculture Research Centre
(NARC), Islamabad. The seeds were sown in earthen pots
measuring 27 x 30 cm2 filled with clay loam and farm yard
manure (FYM) in the ratio of 7:1 under natural environmental
conditions. Following treatments were made.
T1 = Control
T2 = Biopower (Rhizobium + phosphate solubilizing microbes)
T3 = Nitrogen and phosphorus fertilizers
T4 = Biozote (Rhizobium)
Biopower and Biozote are trade names of biofertilizers pre-
pared by National Institute of Biotechnology and Genetic
Engineering (NIBGE) Faisalabad and National Agriculture
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Introduction
Mealy bugs are mainly of tropical and subtropical origin and
many of them have become established as pests. They attack
a wide range of plants including fruits, vegetables and orna-
mentals. The very broad host range of mealy bugs in part
explains their success. As sap feeders, they have the potential
to be vectors of various viral diseases (Golino et al., 2002;
Campbell, 1983; Harris, 1981) and some species are known to
inject potent phytotoxins during feeding (Lema and Herren,
1985). Their direct damage takes the form of distortion, stun-
ting and yellowing of foliage, early dropping of the flowers
and fruits, sometimes followed by defoliation. Indirectly, their
copious secretion of honeydew promotes the growth of sooty
moulds which can detract from the aesthetic and economic
value of the plants (Hattingh, 1993; Copland et al., 1985;
Pritchard, 1949).

The longtailed mealy bug Pseudococcus longispinus
(Targioni-Tozzetti) is widely distributed in tropical and
sub-tropical regions and in glasshouses in the temperate
zone. It is found in the Mediterranean basin, Africa, Southern
Asia, Far East, Australia, New Zealand, Pacific Islands, USA
and Central and South America (Pantoja et al., 2002; Anon,
1958). P. longispinus is polyphagous and has been recorded
as an economic pest of varying importance on citrus, grape-
vines, avocado, palms, coffee, cocoa, peaches, plums and
other horticultural field crops in various parts of the world,
especially the southern USA, Australia and New Zealand
(Charles, 1981). In Israel, the longtailed mealy bug was recor-
ded on 36 host plants belonging to 29 different botanical
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Effect of Different Humidity Levels on the Biology of Longtailed Mealy Bug
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Abstract. On determining the effects of different humidity levels on the biology of mealy bug Pseudococcus longispinus
(Targioni and Tozzetti), it was found that the relative humidity (RH) at 35%, 55% and 75% had no effect on pre-adult
development, adult longevity, life span and fecundity of P. longispinus. The survival of pre-adult stages was minimal at
35% RH. Sex ratio was male-biased at 35% RH and female-biased at 75% RH.

Keywords: Mealy bug; humidity levels; Pseudococcus longispinus
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families (Wysoki et al., 1977). It was reported as one of the six
mealy bug species from citrus pests in Mediterranean basin
(Franco et al., 2004).

Clausen (1915) experienced considerable difficulty in measur-
ing the rate of larviposition of P. longispinus due to the dis-
turbing effect it had upon the female. He observed that the
young remained clustered under the body of the parent for
one or more days after birth. The time required for different
stages was variable. Mating took place largely during the third
instar and larviposition began within 10 to 15 days after the
third moult. James (1937) found three nymphal instars in the
female and four in the male. The sexes were indistinguishable
externally in the first instar but sexual dimorphism was appa-
rent in the second instar. Gullan (2000) provided identification
guide to most of the immature stages of P. longispinus col-
lected from citrus in Australia. A key and table based on
microscopic features allow separation of different instars.

Browning (1959) showed that the number of long-tailed mealy
bugs on irrigated orange trees in South Australia rose and fell
in a fairly regular sequence throughout the year. Panis (1969)
described P. longispinus as a viviparous species and  showed
that light, gravity and host plant quality had a great effect
on adult orientation and distribution on plant leaves as well
as on its sex ratio. Mating was obligatory for production of
eggs and the development of ovaries. Males were capable of
several matings.

Furness (1976) showed that dispersion of mealy bugs changed
with age. The first-instar crawler dispersed over the whole
tree; some second-instars were found in exposed positions
but most second- and all third-instar larvae sought sheltered
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Citric acid, the most important organic acid used in food
industry is produced chiefly by fermentation. Large number
of microorganisms including fungi, yeast and bacteria have
been employed for citric acid production (Grewal and Kalra,
1995) but most of them are not able to produce commercially
acceptable yields  except the fungus, Aspergillus niger. Citric
acid is produced by A. niger by submerged fermentation
process (Guilherme et al., 2008). Main advantages of using
A. niger are its ease of handling, its ability to ferment a variety
of cheap raw materials and high yields (Soccol et al., 2006).
Various substrates like sugar beet molasses, sugar cane
molasses, inulin, kurma, date fruit syrup and carob pod (Soccol
et al., 2006) have been used for citric acid production by
A. niger.

Worldwide demand of citric acid is about 6×105 tons per year
(Karaffa and Kubicek, 2003). According to an estimate, annu-
ally 500,000 tons of citric acid are produced almost exclusively
through fermentation by A. niger and widely used in food,
chemical, pharmaceutical and other industries (Wang and Liu,
1996) for applications such as acidulation, antioxidation,
flavour enhancement, preservation as plasticizer and as a
synergistic agent (Sarangbin et al., 1993).

At present, citric acid is imported into Pakistan to the tune of
more than Rs. 1.5 billion, annually. Pakistan being an agricul-
tural country is producing both cane and beet molasses
approximately 2 million tons per year. About 3.5 million tons
per year of the molasses are used for the production of
ethanol using baker’s yeast. Beet molasses, being a rich source

of sucrose, is employed for citric acid production. One of the
major objectives of the present study was to optimize sub-
strate (beet molasses) concentration for maximum citric acid
production using A. niger strain M-101 through submerged
fermentation.

Approximate analysis of beet molasses was done according
to the method of Ranganna (1986). Composition of molasses
used in the study is given in Table 1.

The following fermentation medium was employed for citric
acid production (values are in (g/litre)): beet molasses, 150.0;
NaNO3, 4.0; KH2PO4, 1.0; MgSO4 . 7H2O, 0.23; FeCl3, 0.02;
ZnSO4, 0.0012; MnCl2 . H2O, 0.0012  (pH 4±0.2).
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Abstract. Studying the effect of different sugar concentration of beet molasses on citric acid accumulation in batch
fermentation, 150 g/litre sugar concentration was found to be optimal for maximum citric acid production (27.25±2.35 g/
litre) using Aspergillus niger M-101. Yp/x value for product formation increased with increase in sugar concentration
through out the study. Qp value for citric acid production also increased with increase in sugar concentration and reached
the maximum (0.141 g/1itre/h) at 150 g/litre sugar concentration but with further increase in sugar concentration, the value
decreased. When culture was grown at different substrate concentrations, the kinetic parameters monitored for Yx/s, Yp/s
and Yp/x, Qp, Qs and qp showed significant enhancement (p ≤ 0.05) in citric acid production as well as biomass growth.
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Table 1. Composition of beet molasses

Constituents Dry weight basis (%)

Moisture 19.4
Dry solids 81.6
Ash 9
Total reducing sugar 17.23
Total sugar 60.16
Sucrose (nonreducing sugar) 42.93
Nitrogen 0.38
Metal ions g (kg):

Fe 0.076
Cu 0.012
Mn 0.019
Zn 0.122
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Introduction
Recently, many of the South Asian countries are experiencing
severe environmental problems due to their rapid industriali-
sation. This phenomenon is very common where the polluting
industries like textile dyeing, leather tanning, paper and pulp
processing, sugar manufacturing, etc. thrive as clusters.

Textile dyeing industry consumes large quantities of water
and produces large volumes of wastewater at different steps
of printing, dyeing and finishing processes, which is often
rich in colour, containing residues of reactive dyes and
chemicals, and requires proper treatment before being released
into the environment. India produces dyestuff and pigments
close to 80,000 tonnes and is the second largest exporter of
dyestuffs and intermediates among developing countries,
after China. The textile industry accounts for the largest
consumption of dyestuffs, at nearly 80% (Mathur et al., 2005).
During textile production, potentially hazardous compounds
at various stages of operations are released with a negative
impact on the ecosystem (Asamudo et al., 2005).

Treatment and disposal of effluents from the textile and
dyeing industries is quite difficult by common physical and
chemical methods, mainly because of the high BOD, COD,

heat, colour, pH and presence of metal ions. Besides, they are
highly expensive, emit toxic substances and form large
amounts of sludge (Johnson et al., 1978), posing disposal
problem (Banat et al., 1996). Several physicochemical
decolourisation techniques have been reported, a few of
which were accepted by the textile industries (DaSilva and
Faria, 2003; Okazaki et al., 2002).

Microbial degradation and decolourisation is an environment
friendly and cost-competitive alternative to chemical decom-
position processes. Many microorganisms belonging to
different taxonomic groups of bacteria, fungi, actinomycetes
and algae have been reported for their ability to decolourise
azo dyes (Khehra et al., 2005). Pure fungal cultures have been
used to develop bioprocesses for the mineralisation of azo
dyes (Zhang et al., 1999). However, the long growth cycle and
moderate decolourisation rate limit the performance of fungal
decolourisation system (Banat et al., 1996). In contrast,
bacterial decolourisation is normally faster, but it requires a
mixed community of bacteria to mineralise azo dyes through a
combined metabolic mode of anaerobic-aerobic sequence
(Chang et al., 2004). In previous studies, mixed bacterial
cultures having the highest decolourisation activity under
anaerobic conditions were grown on rich media supplemen-
ted with yeast extract or glucose (Chen et al., 2003; Oxspring
et al., 1996; Nigam et al., 1996a).
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Abstract. Bacterial consortium derived from termite was tested for its efficiency to decolourise Reactive Blue 222
aerobically. The central composite design matrix and response surface methodology (RSM) were applied to design
experiments for the assessment of interactive effects of four most important operating variables viz., pH (3.0-11.0),
agitation (300 rpm), temperature (20-60 °C) and glucose (0.1-0.5 g/litre) on the biodegradation of Reactive Blue 222 out
of eleven different variables. Optimisation was achieved using the Plackett-Burman statistical design. A regression
coefficient between variables and the response indicated excellent evaluation of experimental data by the Stat-Ease
package. The experimental values were in good agreement with the predicted ones and the model was highly significant,
correlation coefficient being 0.89. RSM indicated that pH 7.0 at static condition; temperature at 20 °C and a glucose
concentration of 0.50 g/litre resulted in 99.21% decolourisation.
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