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Abstract. The extraction equilibrium studies of Zn(ll) from sulphate medium by di(2-ethylhexyl) phosphoric acid
(D2EHPA, HA,) in kerosene revealed that the distribution ratio (D) decreased with the increase of initial [Zn(11)] 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 ZnA,.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 Zn?,q +1.5 (H2A2)og <> [ZNA2HA]og +2H". The
extraction equilibrium constant (ke) for the above reaction was calculated to be 1022, The extraction process was
endothermic in nature having positive DH value of 16.27 kd/mol. The loading of D2EHPA by Zn(l1) is about 4.50 g of
Zn(ll) 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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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(I1) by D2EHPA
were done mostly from chloride solutions and with purified
D2EHPA (Amer and Luis, 1995; Devi et al., 1995; Alguacil
etal., 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(Il)
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-
*Author for correspondence; E-mail: saeed_hamim@yahoo.com
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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 H,SO,.

Materials and Methods

A standard solution of Zn(11) (1 g/litre) was prepared by dissol-
ving and diluting calculated amount of their respective
sulphate salts (ZnSO,.7H,0) with distilled water after adding
2.90 ccof 18.337 M H,SO, 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 H,SO, or
Na,SO, and made up to the mark by distilled water. After
mixing, the solution was taken in a beaker for pH adjustment
using dilute H,SO, or anhydrous Na,COs.

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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A stock solution of D2EHPA (1 M) was prepared by weighing
out exactly 658.02 g of D2EHPA in a 1 litre volumetric flask
and diluting with distilled kerosene. Working solutions of
different concentrations (0.01-0.50 M) were prepared by
proper dilution of this stock solution with distilled kerosene.

A definite aliquot of an aqueous phase (20 ml) was taken in a
125 ml reagent bottle and to it, same aliquot of organic phase
(20 ml) was added. The bottle was stoppered and shaken for
5 min in a thermostatic water bath at 30+1 °C (except for
temperature dependence). After attainment of equilibrium,
the phases were allowed to settle and disengaged by a sepa-
rating funnel. The aqueous phase was subjected to equili-
brium pH measurement and the metal ion content by AAS.
Distilled water was used as blank solution. In all the cases,
phase separation occurred readily. pH value of aqueous
solutions was measured by Mettler Toledo 320 pH meter and
checked time to time to set the desired pH.

The equilibrium organic phase metal ion concentrations were
estimated by the method of difference. The organic phase
Zn(I1) concentration was determined by the formula: initial
aqueous phase - aqueous phase concentration of Zn(ll) after
extraction. The distribution ratio (D) of a metal ion was calcu-
lated as the ratio of metal ion concentration in the organic
phase to that in the aqueous phase at equilibrium. In the case
of loading test, the organic phase was repeatedly contacted
with fresh equal volume of aqueous solutions until saturation
of the organic phase with the metal was attained and tested
by measuring aqueous phase concentration.

Results and Discussion

Effect of distribution ratio of Zn(l1) by D2EHPA on contact
time. Figure 1 represents contact time (in minutes) and the
distribution ratio for two different sets of pH 4 and 5. In both
the cases, it was found that the extraction ratio of Zn(Il)
increased continuously with the increase of phase contact
time upto 2 min and then remained unchanged with further
increase of contact time. The slopes of the lines decreased to
zero at around 2 min. Moreover, it was also observed that
96.70 +0.05% and 97.45 + 0.05% [n = 8] of Zn(I1) got extracted
at pH 4 and 5, respectively, and on further shaking for a long
time, extraction ratio did not increase. The extraction of Zn(1l)
by Cyanex 302 was studied by Alguacil et al. (1992) and
obtained equilibrium time above 10 min. Therefore, the extrac-
tion of Zn(11) by D2EHPA is faster than that of Cyanex 302.
It is concluded that the extraction of Zn(Il) from sulphate
solution by analytical grade D2EHPA in kerosene system
takes 2 min. Thus in subsequent experiments, mixing was
carried out for 5 min to ensure equilibrium.
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Fig. 1. Effect of distribution ratio of Zn(11) by D2EHPA on
contact time.
[Zn(11)] = 0.200 g/litre; [SO, iy = 0.10 M; pH = 4.00
and 5.00; phase mixing time = moderate; [D2EHPA]
=0.05 M; O/A=1; temperature = (30+1) °C.

Effect of metal ion concentration on Zn(I1) by D2EHPA. The
results obtained from the experiments are plotted as log D vs.
log {[Zn(I I)](im)molllitre} which represent variation of distri-
bution ratio on initial metal ion concentration. It is seen that
the distribution ratio decreases with increase in initial Zn(Il)
ion concentration (Fig. 2). The slopes of the plots are steeper
at higher concentration region than those at lower concentra-
tion. In general, log D should be independent of initial metal
ion concentration, provided the equilibrium pH and the equi-
librium extractant concentration remain constant, which can
occur with very low metal concentration only.

The decrease in extraction ratio with the increase of Zn(Il) ion
concentration may be explained as follows:

a) Non-constant agueous phase acidity, pH. With the increase
in Zn(I1) ion concentration in the aqueous phase, the equili-
brium pH may drop down due to the liberation of H* by the
extraction process. The decreased equilibrium pH with increase
of Zn(1l) ion concentration will decrease the extraction ratio
according to the simplified extraction reaction as follows:

Zn* + H,A,&ZnA+ 2H* Q)
where, H A, is the dimer of D2EHPA

b) Non-constant equilibrium extractant concentration. With
the increase in initial Zn(l1) ion concentration, more extractant
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will be consumed to form the extractable Zn(I1) complex. As a
result, the equilibrium pH and extractant concentration will
decrease with the increase in the initial Zn(ll) ion concentra-
tion in the aqueous phase and eventually, the extraction ratio
will decrease and may be expressed according to the following
equation:

log D = log Kt z 1og [HoAiniy + ZpH =S 2
where:

D =distribution or extraction ratio; z = extractant depen-

dence;

S = concentration of the extractant which is used in
forming the metal complex; [H,A.]ni) = initial extractant
concentration in the organic phase; pH = equilibrium pH
of the aqueous phase.

Besides these two reasons, the decrease in the extraction ratio
with increasing initial Zn(1l) ion concentration may be attri-
buted to the non-ideality of the aqueous phase, hydrolysis
and polymerization of Zn(l1) species in the aqueous phase.

2.5
O ; [D2EHPA] = 0.03 M
20 - ® ; [D2EHPA] = 0.05 M
: <& ; [D2EHPA] = 0.10 M
@ ; [D2EHPA] = 0.20 M
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a 1.0
=3
)
A
0.5 4
0.0 +
-0.5 1
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Log {IZn(IN)],,, M}

Fig. 2. Effectof distribution ratio (D) on Zn(1l) ion concen-
tration.
[SO47(iniy = 0.10 M; pH=3.00; phase mixing time =
5min; [D2EHPA] =0.03, 0.05, 0.10, 0.20 M; O/A=1,
temperature= (30+1) °C.

Effect of equilibrium pH on the extraction of Zn (11) by D2EHPA.
The results obtained from the experiments at different con-
stant equilibrium pH and at constant [Zn(11)] concentration
are plotted as log D (distribution ratio) vs. equilibrium pH
(Fig. 3). It can be seen that the extraction of Zn(ll) ions
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increases with increase of aqueous phase equilibrium pH. The
slopes of the lines were calculated and the values are 1.99,
2.09,2.06,2.03, 2.12 and 1.96 for 0.01, 0.02, 0.05, 0.10, 0.20 and
0.50 M D2EHPA systems, respectively. The average slope
obtained from this investigation is equal to 2 (two). Similar
results were obtained from the extraction of Zn(Il) by D2EHPA
by other workers (Bart et al., 1992; Svendsenet al., 1990). The
intercepts of the lines are -5.58, -5.21, -4.44, -3.80, -3.70 and
-2.40 for 0.01, 0.02. 0.05, 0.10, 0.20 and 0.50 M D2EHPA
systems, respectively. The slope of the line of Zn(ll) is ~ 2,
which indicates that two moles of H* are liberated per mole of
Zn(I1) during extraction. From intercept of the line, the value
of extraction equilibrium constant (k.,) was calculated after
knowing the extractant dependence. The calculated value was
found to be 102,

5.0
4.0 1
3.0 1
a 201
g O ; [D2EHPA] = 0.01 M,
a S$=1.99, 1=558
1.04 @ ; [D2EHPA] = 0.02 M,
$=209,1=521
O ; [D2EHPA] = 0.05 M,
0.0 1 S=2.06,1=4.44
B ; [D2EHPA] = 0.10 M,
S$=2021=3.80
1.0 A ; [D2EHPA] = 0.20 M,
’ S$=212,1=3.70
A ; [D2EHPA] = 0.50 M,
S =1.96,1=240
'20 T T T T T
0 1 2 3 4 5 6

Equilibrium pH

Fig. 3. Effect of distribution ratio (D) on equilibrium pH.
[Zn(1D]gny = 0.215 gllitre; [SOs ] gny = 0.10 M;
[D2EHPA] = 0.01, 0.02, 0.05, 0.10, 0.20, 0.50 M;
D2EHPA, phase mixing time =5 min; O/A=1; tempe-
rature =(30x1) °C.

Effect of extractant concentration on the extraction of Zn(lIl)
by D2EHPA. The results obtained from the experiments
carried out at different equilibrium pH and for the effect of
extractant concentration were plotted as log D vs. log [H.A;]
at fixed Zn(I1) ion concentration (Fig. 4). The figure represents
the effect of variation of distribution ratio (D) on the extractant
concentrations. It was observed that the extraction ratio
increased with increasing extractant concentration in the
organic phase, and a straight-line relationship was obtained.
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The slopes (S) and intercepts (I) of the lines were: S=1.78,
[=2.14; 5=1.70,1=3.80; S=1.60, 1=5.66 and S=1.60, 1=7.82 for
equilibrium pH values of 2, 3, 4, and 5, respectively. Average
slope of the lines was 1.67. Similar observations were found
by other workers (Bart et al., 1992; Svendsen et al., 1990).
Here the linear relationship of the extraction ratio with the
D2EHPA concentration indicates that the more is extractant
concentration, the more is the extraction of Zn(II). This is the
normal behavior of extraction process. The slope of the line

8.0
O ; Equilibrium pH =2; S =1.78, 1= 214
@ ; Equilibrium pH =3; S=1.70,1=3.80
6.0
¢
4.0 1
(@]
= Q
o
-
2.0
0.0 4 Average slope, S = 1.67
<& Equilibrium pH = 4, S =160, 1 = 5.66
@ ; Equilibrium pH = 5; S = 1.60, [ = 7.82
‘20 T T T T
25 -2 -1.6 -1 -0.5 0

Log {{[D2EHPA], M}

Fig. 4. Effect of distribution ratio (D) on extractant con-
centration.
[Zn(ID)]wy =0.215 g/litre; [SO; ]y = 0.10 M; phase
mixing time =5 min; O/A=1; temperature = (30+1) °C.
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indicates that normal ion exchange mechanism for Zn(II) is
followed. Since for a particular initial pH system, the equili-
brium pH varies with the variation of extractant concentration,
to get actual extractant dependence, it is necessary to get
log D vs. log [H,A;] plots at constant equilibrium pH values.
Such type of correction has been made with the help of acidity
dependence data. First of all the difference between the initial
and equilibrium pH values are determined (termed as ApH).
As the acidity dependence is always 2, the correction term for

2.0
""““‘\,._' =145
1.0
S 001
o
pal |
-1.0 1
% $=-19
O : [D2EHPA] = 0.05 M, pH = 2
@ ; [D2EHPA] = 0.10 M, pH = 2
& ; [D2EHPA] = 0.03 M, pH = 3
'20 T T T
1.5 -1 0.5 0 0.5

Log {[SO4], M}

Fig. 5. Effect of distribution ratio (D) on sulphate ion
concentration.
[Zn(11)]em = 0.215 g/litre; [D2EHPA] = 0.03; 0.05,
0.10 M; phase mixing time = S min; O/A=1; tempera-
ture=(30x1) °C.

Table 1. Evaluation of the extraction equilibrium constant log k_for Zn(IT) ion (based on Figs. 3 and 4)

Figure No Equilibrium pH i‘ [D2EHPA], M Intercept, / Log ke Average log ke Standard deviation
3 0.01 -5.58 -2.240
0.02 -5.21 2373
0.05 -4.44 -2.267
0.10 -3.80 -2.130
0.20 - 370 -2.533
050 240 | -1.897
| | \ -2.258 0.204
4 2.0 i 214 194 |
3.0 \ C3.80 | 232 | 1
4.0 | s 250 |
5.0 | ) 2.38 i
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log D is calculated as ApH x 2. Then the corrected log D value
is calculated as log D (experimental) + ApH x 2, which corres-
ponds to the data at equilibrium, equal to initial pH.

Extractant dependence of about 1.67 indicates the association
of 1.67 moles of extractant with 1 mole of ion Zn(ll). From the
intercept of the line in Fig. 3 and Fig. 4, the value of log k__has
been calculated to be -2.258 with the standard deviation of
logk , being 0.204 (Table 1).

Effect of sulphate ion concentration on the extraction of Zn(11)
by D2EHPA. Figure 5 represents the results obtained from the
experiments involving the variations of sulphate ion concen-
tration at three constant initial pH (2, 2 and 3) and at three
extractant concentrations (0.03, 0.05 and 0.10 M), respectively.
Herein, log D has been plotted vs. log [SO,7], M. The variation
of extraction ratio with the variation of sulphate ion concen-
tration depends on the extractant concentration as well as on
the pH of the aqueous solution. When the pH of the aqueous
solution is kept constant, the extraction ratio decreases with
the increase in sulphate ion concentration in the aqueous
phase. In all the cases, the tangential negative slopes of these
curves increased gradually with the increase in sulphate ion
concentration. At lower sulphate region, the slope approaches
to zero, whereas in the higher region, it approaches to -2.00
depending upon the pH-D2EHPA values.

Effect of temperature on the extraction of Zn(11) by D2EHPA.
Figure 6 (plot of log D vs. inverse of absolute temperature)
shows the effect of variation of distribution ratio on

2.0
1.8 1
1.6 7

1.4 A

1.2 A

1.0 4

Log D

0.8 1
0.6 A
0.4 A

O ; [D2EHPA] = 0.05 M, S = 0.844 x 10°
0.2 1 @;[D2EHPA]=0.10 M, S = 0.8570 x 10°

0.0 T T
3 3.2 3.4 3.6

(UTK) x 10°

Fig. 6. Effect of distribution ratio (D) on temperature.
[Zn(11)] iy = 0.205 g/litre; [SOs7]iniy = 0.10 M; pH =
3.00, phase mixing time =5 min., O/A=1.
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temperature i.e. the effect of temperature on extraction. The
extraction ratio increases with increase in temperature. The
slopes of this line are -0.844x10° and -0.857 x 10°for 0.05 and
0.10 M D2EHPA, respectively, in kerosene system. The
extraction reaction enthalpy values (AH) has been calculated
using Vant-Hoff equation. The calculated values are found to
be 16.15 and 16.40 kJ/mol respectively for 0.05 and 0.10 M
D2EHPA. The average value of apparent enthalpy change is
16.27 kJ/mol. The positive enthalpy change suggests that the
extraction process of Zn(ll) by D2EHPA is endothermic in
nature. The extraction ratio-temperature relationship indicates
that the equilibrium reaction of Zn(11) is moderately influenced
by temperature. Thus, extraction of Zn(ll) by D2EHPA in
kerosene system moderately increases by using extraction at
a higher temperature.

Effect of loading on the extraction of Zn(I1) by D2EHPA.
Loading is an important factor for the study of mechanism of
extraction and also for the industrial evaluation of the extrac-
tant. High values of loading capacity are desirable for any
particular extractant metal system for industrial applications.

The organic phases (20 ml) were repeatedly contacted for 5 min
at 30£1 °C with fresh equal volume of aqueous solution
containing fixed concentration of metal ions [Zn(I1)]
1.08 g/litre at pH 2 and 3. After equilibration, the phases were
disengaged and the aqueous phases were analyzed for Zn(Il)
contents. The amount of metal ions [Zn(11)] transferred into
the organic phase for each contact was then determined by
difference and the cumulative concentration of Zn(ll) in the
organic phase, after each stage of contact, was estimated. The
result obtained from the experiments, plotted as cumulative
[Zn(11)], g/litre vs. contact number is given in Fig. 7. It can be
seen the organic phase is saturated with Zn(ll) after the 7
and the 11" contact, respectively, for pH 2 and 3. The loading
of 0.10 M D2EHPA by Zn(Il) was as much as 0.92 g and
4.455 g of Zn(1l) at pH 2 and 3, respectively, which indicates
that the loading capacity of D2EHPA is 1.40 g and 6.77 g of
Zn(11)/100 g extractant for pH 2 and 3, respectively. The
loading data suggests the ratio Zn : D2EHPAis 1, at pH 3, but
at pH 2, the ratio is very low. At pH 2, most of D2EHPA
remains uncombined having low distribution ratio.

Extraction mechanism. The extractant-dependence of ~1.6
suggests that 1.5 moles of extractant is required for each ion of
Zn(1l) ion for the extracted species. The hydrogen ion and
extractant dependence suggests the following equation for
the extraction reaction:

Zn, +15 (H,A,), & [ZnA,HA] +2H", 1)

org org
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Here the extracted species contains coordinated monomer
di-2-ethylhexyl phosphoric acid molecules. The extraction of
coordinated extracted species (adducts) is a general observa-
tion in the solvent extraction process. The extraction reaction
is supported by Mellah and Benachour (2006) and Breno
etal. (2004).

Sulphate dependence, almost zero below 0.1 M [SO,7],
suggests that Zn(ll) ion is the predominant species in the
extraction process. However, at higher [SO,7] ion, the species
Zn(HSO,), may form to some extent, indicating the reaction
involving non-ionized zinc species:

Zn(HS0,),a0+ 1.5 (HyA)org < [ZNA2HAL + 2H,S040 (2)

This supports the slopes approaching -2.00 with increasing
[SO,7] ion concentration in the aqueous phase.

The loading test suggested that the neutral unreacted HA in
the extracted species [ZnA,.HA] gradually increased to give
Zn : D2EHPA(H,A,) ratio of 1:1 corresponding to the species
ZnA,for high (pH 3) loading. At the low pH the organic phase
is not saturated with zinc even after the 11" contact.

5.0

Cumulative [Zn(I1)] g/litre

0.0 T T
0 5 10 15

No. of contact

Fig. 7. Loading of Zn(ll) in D2EHPA.
[Zn(11)]niy = 1.08 g/litre; [SO,7]iniy = 0.10 M; phase
mixing time =5 min; [D2EHPA] =0.10 M; O/A=1,
temperature = (30£1) °C.

Conclusion

Zn(I1) solution can be obtained as leach solution in different
industries especially in the pickling industry with acids.
Dilute solution can be a good source for Zn(ll) if it can be
separated. Solvent extraction can be a good technique for

M. S. Rahman et al.

simultaneous separation and concentration of weak Zn(Il)
solution. Di-2-ethylhexyl phosphoric acid is a moderately
effective extractant for Zn(I1) from low acidic and low sulphate
media. The extractant and hydrogen ion dependence suggests
a simple extraction reaction for the process. Temperature has
moderate influence on the extraction process. The extracted
species is suggested to be [ZnA,.HA],, in the kerosene phase.
However, complete saturation of the organic phase occurs at
high loading, corresponding to ZnA, as extracted species.
Low extraction equilibrium constant (k) suggests that strip-
ping from the organic phase is much favoured.
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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

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
GF,, and visualization was accomplished by iodine flask or
UV Flame. *H-NMR (500 MHz and 300 MHz) spectrum was
recorded for solutions in deuterio chloroform CDCI, as

*Author for correspondence; E-mail: mosharef65@yahoo.com
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solvent. Chemical shifts were reported in & unit (ppm) with
reference to TMS as an internal standard and J values are
giveninHz.

Ethyl 2-amino-4,5-diphenylfuran-3-carboxylate (1). Asuspen-
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) onsilica
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.
'H-NMR(500 MHz, CDCL,): §,,9.24 (s, 2H, NH,), 7.96-7.38 (m,
10H, 2xPh), 2.66 (g, 2H, CH,), 1.03 (t, 3H, CH,).

5,6-Diphenylfuro[2,3-d]pyrimidin-4(3H)-one (2). Asolution
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.*H-NMR (500 MHz, CDCl,): 3, 7.84 (s, 1H,
CH), 7.6-7.4 (m, 10H, 2xPh), 1.70 (s, 1H, NH).

4-Chloro-5,6-diphenylfuro[2,3-d]pyrimidine (3). Amixture 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.'H-NMR (500 MHz, CDCl,): 3, 7.84 (s, 1H,
CH), 7.6-7.4 (m, 10H, 2xPh).
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4-Hydrazino-5,6-diphenylfuro[2,3-d]pyrimidine (4). Asolu-
tion of the chloro compound 3 (1.56 g, 74.32 mmol) and hydra-
zine hydrate (5.5 ml, 76.74 mmol) in dioxane (25 ml) was
refluxed for 4 h at 90 °C with stirring. The separated solid was
filtered and recrystallized from dioxane to give 4 (68%) as
brown crystals, m.p. 170-172 °C. *H-NMR(500 MHz, CDCIl,):
5,,8.14 (s, 1H, CH), 7.80-7.45 (m, 10H, 2xPh), 5.55 (bs, 1H, NH),
4.84 (bs, 2H, NH,).

8,9-Diphenylfuro[3,2-e][1,2,4]triazolo[4,3-c]pyrimidine
(5). A suspension of hydrazino compound 4 (0.74 g, 57.98
mmol) in formic acid (15 ml) was refluxed for 6 h. The solid
that precipitated was collected and recrystallized from
ethanol to give 5 (65%) as pink crystals, m.p. 120-121 °C.
'H-NMR (500 MHz, CDCIl,): §,,9.92 (s, 1H, 5-CH), 8.37
(s, 1H, 3-CH), 7.38 (m, 10H, 2xPh); *C-NMR (CDCI,): §_
158.0,149.2,147.1,140.8, 135.6, 131.2, 129.0, 128.6, 127.3,
103.1.

Arylidene-hydrazono-5, 6-diphenylfuro[2,3-d]pyrimidines.
General procedure: Amixture of hydrazino compound 4 (0.74
g, 57.98 mmol) and aromatic aldehyde (7 ml) in ethanol (25 ml)
was refluxed for 8 h. The reaction mixture was then cooled and
poured into ice-water. The separated solid was filtered and
recrystallized from ethanol to give arylidenehydrazono-5, 6-
diphenylfuro[2,3-d] pyrimidine.

4-(Benzylidenehydrazono)-5,6-diphenylfuro[2,3-d] pyri-
midine (6). The title compound was prepared from
hydrazino compound 4 and benzaldehyde in 70% yield as
brown crystals, m.p. 90-92 °C. *H-NMR (500 MHz, CDCL,):
5,,8.68 (s, 1H, 2-CH), 7.85 (s, 1H, = CH), 7.59-7.61 (m, 5H,
Ph), 7.47-7.34 (m, 10H, 2xPh), 4.93 (s, 1H, NH); *C-NMR
(CDCl,): 6.167.4,156.8,154.3,148.9, 141.0, 136.2, 132.1,
130.4,129.4,128.5, 103.5.
4-(4-Hydroxybenzylidenehydrazono)-5,6-diphenylfuro[2,3-d]
pyrimidine (7). This compound was prepared from compound 4
and 4-hydroxybenzaldehyde in 68 % yield as pink crystals,
m.p. 122-124 °C.*H-NMR (500 MHz, CDCL,): §,,8.61 (s, 1H, 2-
CH), 7.98 (s, 1H,=CH), 7.77 (d, 2H, J=8.4Hz),7.42(d, 2H,J=8.4
Hz), 7.4-7.3 (m, 10H, 2xPh), 6.21 (s, 1H, OH), 4.93 (s, 1H, NH);
BC-NMR (CDCL,): 6. 168.0, 159.3, 157.0, 153.7, 149.5, 141.3,
136.0, 131.0,130.5,129.0, 128.6, 127.2,123.8,115.2, 103.7.

4-(4-Chlorobenzylidenehydrazono)-5,6-diphenylfuro[2,3-d]
pyrimidine (8). The title compound was prepared from
hydrazino compound 4 and 4-chlorobenzaldehyde in 70%
yield as brown crystals, m.p. 130-132 °C. *H-NMR(500 MHz,
CDCL,): §,,8.61(s, 1H, 2-CH), 7.98 (s, 1H, =CH), 7.77 (d, 2H,
J=8.4Hz),7.42(d,2H, J=8.4 Hz), 7.41-7.38 (m, 10H, 2xPh), 4.93
(s, 1H,NH); ®C-NMR (CDCL,): 5 166.5, 156.8, 154.3, 148.7,
141.5,136.4,131.0,130.1,120.0,128.2,127.2, 103.6.
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4-(2-Chloroybenzylidenehydrazono)-5,6-diphenylfuro[2,3-d]
pyrimidine (9). The title compound was prepared from
hydrazino compound 4 and 2-chlorobenzaldehyde in 65%
yield as pink crystals, m.p. 135-138 °C. *H-NMR(500 MHz,
CDCL): §,,9.08(s, 1H, 2-CH), 7.92 (s, 1H, =CH), 7.60-7.49
(m, 4H, Ph), 7.41(m, 10H, 2xPh), 4.91 (s, 1H, NH); *C-NMR
(CDCl,): 5.168.0,156.8,153.9,148.9,141.5,135.3,134.0,132.1,
131.4,130.0,129.0,128.2,127.0, 103.1.

2-Amino-4-ethyl-5-methylthiophene-3-carbonitrile (10).
Diethyl amine (4 ml) was added dropwise to a mixture of
diethylketone (3.2 g, 20 mmol), malononitrile (10.09 ml, 20 mmol)
and elemental sulphur (0.64 g, 20 mmol) in 95% ethanol
(20 ml). The temperature was maintained below 60 °C by means
of ice bath. The mixture was stirred continuously for 8 h and
then poured into ice water. The precipitate was filtered, washed
with water and recrystallized from ethanol to 0-aminonitrile 10
as brown crystals, m.p. 80-82 °C. 'H-NMR (300 MHz, CDCL):
5,,4.1(bs, 2H,-NH,), 2.4 (q, 2H,CH,), 2.14 (s, 3H, CH,), 1.36
(t,3H,CH,).

5-Ethyl-6-methylthieno[2,3-d]pyrimidine-2,4(1H,3H)-
dithione (11). o-Aminonitrile 10 (0.4 g, 2.4 mmol) and
carbon disulphide (2 ml) in pyridine (5 ml) was refluxed
for 8 h. After cooling the reaction mixture was poured
into ice-water and the separated solid was filtered and
recrystallized from ethanol to give 11 (75%) as pink
crystals, m.p. 85-87 °C. 'H-NMR (300 MHz, CDCl,): §,
8.67 (s, 1H, 3-NH), 7.93 (s, 1H, 1-NH), 2.83 (q, 2H, CH,),
1.17 (s, 3H,CH,), 0.9 (t, 3H, CH,).

2,4-Dimethylthio-5-ethyl-6-methylthieno[2,3-d]pyrimidine
(12). Methyl iodide (2.46 mmol) was added dropwise to a
suspension of 11 (0.3 g, 1.23 mmol) in aqueous NaOH (10 ml)
and stirred at room temperature for 12 h. The formed yellowish
solid was collected and recrystallized from ethanol to give
compound 12 (83%) as yellow crystals, m.p. 105-107 °C.
'H-NMR(300 MHz, CDCl,): §,,2.85 (q, 2H, CH,), 2.61 (s, 3H,
4-SCH,), 2.56 (s, 3H, CH,), 2.50 (s, 3H, 2-SCH,), 1.12 (t, 3H,
CH,);®*C-NMR (CDCl,): §_167.4,165.4,135.7, 135.0, 129.0,
123.8,18.6,17.0,14.3,8.0.

4-Hydrazino-2-methylthio-5-ethyl-6-methylthieno[2,3-d]-py-
rimidine (13). A mixture of compound 12 (0.3 g, 1.10 mmol)
and hydrazine hydrate (1.10 mmol) in dioxane (10 ml) was
refluxed for 4 h. The mixture was concentrated in vacuum. The
solid was collected and recrystallized from ethanol to give
compound 13 (80%) as pink crystals, m.p. 137-139 °C.
'H-NMR(300 MHz, CDCl,): §,, 4.3 (s, 1H, NH), 3.45 (s, 2H,
NH,), 2.85(q, 2H, CH,), 2.15 (s, 3H, 2-SCH,), 1.14 (s, 3H, CH,),
0.9(t,3H, CH,); ®*C-NMR (CDCI,): 5, 168.0, 165.2,135.6, 135.0,
129.1,123.5,18.5,17.0,14.5,8.0.
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3-Benzoyl-5-ethyl-6-methylthieno[2,3-d]pyrimidin-
2,4(1H,3H)-dithione (14). Amixture of compound 11 (0.3 g,
1.23 mmol) and benzoyl chloride (1.8 mmol) in pyridine (4 ml)
was stirred at room temperature for 2 h. The mixture was poured
into ice-water, neutralized with 10% HCI, washed with satu-
rated sodium bicarbonate and water and extracted with chlo-
roform. The solvent was removed under reduced pressure
and the separated solid was recrystallized from ethanol to
give compound 14 (80%) as white crystals, m.p. 140-142 °C.
'H-NMR(300 MHz, CDCl,): §,,7.54 (m, 5H, Ph), 4.93 (s, 1H,
NH), 2.80(q, 2H,CH,), 1.20 (s, 3H, CH,), 0.88 (t, 3H, CH,); *C-
NMR (CDCl,): 5. 165.5,152.3, 147.4,133.7,132.0,131.5,129.5,
128.6,127.0,125.1,16.9,10.2,7.3.

Antibacterial and antifungal screening. Some of the
synthesized compounds (5-9, 11-14) were screened for

Table 1. Antibacterial activity of the synthesized compounds

Md. Mosharef Hossain Bhuyan et al.

antibacterial activity against pathogenic organisms;
Bacillus cereus (BTCC 19), Salmonella typhi (AE 14612),
Staphylococcus aureus (ATCC 6538), Shigella dysenteriae
(AE 14396) and Vibrio cholerae (Table 1) and antifungal
activity against Curvularia lunata, Alternaria alternata
(Fr.) Kedissler, Colletotrichum corchori Ikata (Yoshida),
Fusarium equiseti (Corda) Sacc and Macrophomina
phaseolina (Tassi) Goid (Table 2). The disc diffusion method
(Bauer et al., 1966) and poisoned-food technique (Grover
and Moore, 1962) were used for antibacterial and antifun-
gal activities, respectively.

The tested compounds were dissolved in N,N-dimethyl
formamide (DMF) to get a solution of 1 mg/ml. The inhibition
zones were measured in mm at the end of an incubation period
of 48 h at 28 °C. DMF alone showed no inhibition zone.

Comp. No. Diameter of zone of inhibition in mm (100 pug(dw)/disc)
Bacillus Salmonella Staphylococcus Shigella Vibrio
cereus typhi aureus dysenteriae cholerae

5 6 7 8 - -

6 - 6 - - 6

7 - 6 8 - -

8 6 8 6 - -

9 6 - 7 - -

11 10 7 - 6 -

12 - 10 10 7 6

13 10 8 - 6 10

14 - 10 - 13 12

Ampicillin

25ug(dw)/disc 21 24 13 0 17

Table2. Antifungal activity of the synthesized compounds

Comp. No. Percentage inhibition of mycelial growth (100 ng(dw)/ml PDA)
Curvularia Alternaria Colletotrichum Fusarium Macrophomina
lunata alternata corchori equiseti phaseolina

5 20.70 3104 2.00 21.20 -

6 20.70 27.00 20.00 2211 17.60

7 30.00 6.89 20.40 21.40 -

8 3200 34.00 2653 28.00 2550

9 15.00 12.00 26.60 13.00 33.30

11 3100 100.00 20.00 26.00 2777

12 29.00 27.00 2857 19.50 -

13 23.00 7.00 3265 36.00 1111

14 50.00 4482 36.70 11.00 2220

Nystatin

25ug(dw)/

mlPDA 75.00 5155 4051 44.70 7178
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Nutrientagar (NA) and potato dextrose agar (PDA) were used
as basal media, respectively, to test the bacteria and fungi.
Commercial antibacterial Ampicillin and antifungal Nystatin
were also tested under similar conditions for comparison.

Results and Discussion

The starting material, ethyl 2-amino-4,5-diphenylfuran-3-car-
boxylate (1) was prepared from benzoin and ethyl cyanoacetate
according to the procedure of Gewald et al. (1966). Refluxing
of o-aminoester 1 with formamide afforded 5,6-diphenylfuro
[2,3-d]pyrimidin-4(3H)-one (2) (Scheme-1). The structural
assignment of compound 2 was confirmed by spectroscopic
analysis. Its tH-NMR spectrum exhibited signal a one-proton
singlet at & 7.84 for CH proton at 2-position. Other peaks were
in accordance with the structure. Chlorination of compound 2
with thionyl chloride gave 4-chloro-5,6-diphenylfuro [2,3-d]
pyrimidine (3).

The chlorine group of 3 underwent nucleophilic displacement
by reflux with hydrazine hydrate in dioxane to produce
4-hydrazino-5,6-diphenylfuro[2,3-d]pyrimidine (4). Upon

Ph._O
L, =
Ph™ 'OH

/i
h
o l NH-N=EH—®—~:1

,J

Ph
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boiling with formic acid, hydrazino compound 4 cyclized to
produce 8,9-diphenylfuro[3,2-e][1,2,4]triazolo[4,3-c] pyrimidine
(5). Its 'H-NMR spectrum exhibited signals a one-proton sin-
glet at 5 9.92 for CH proton at 5-position and another one-
proton singlet at & 8.37 for CH proton at 3-position.

The hydrazino compound 4 was condensed with aromatic
aldehydes, benzaldehyde, 4-hydroxybenzaldehyde, 4-chloro-
benzaldehyde and 2-chlorobenzaldehyde to give 4-(benzyli-
denehydrazono)-5,6-diphenylfuro[2,3-d]pyrimidine (6),
4-(4-hydroxybenzylidenehydrazono)-5,6-diphenylfuro[2,3-d]
pyrimidine (7), 4-(4-chlorobenzylidenehydrazono)-5,
6-diphenylfuro[2,3-d]pyrimidine (8) and 4-(2-chlorobenzyli-
dene-hydrazono)-5,6-diphenylfuro[2,3-d]pyrimidine (9),
respectively. Assignments of the structures 6-9 to the
proposed reaction products are based on spectral data.

o-Aminonitrile 10 was readily cyclized to the corresponding
5-ethyl-6-methylthieno[2,3-d]pyrimidin-2,4(1H,3H)-dithione
(11) upon treatment with carbon disulphide in refluxing pyri-
dine (Scheme-2). Methylation of dithione 11 with methyl
iodide in aqueous NaOH afforded compound 2,4-dimethylthio-

COOE: 0

Ph
j: :I/\ | )

Ph® O N

Ph™ O N

Scheme-1

Reagents:

a) NCCH,COOEt, Et,NH, DMF; b) HCONH,, reflux; c¢) SOCI,;

d) NH,NH,.H,0; e) HCOOH,; f) benzaldehyde, EtOH,

reflux; g) 4-hydroxybenzaldehyde, EtOH, reflux; h) 4-chlorobenzaldehyde, EtOH, reflux; i) 2-chlorobenzaldehyde,

EtOH, reflux.
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5-ethyl-6-methylthieno[2,3-d]pyrimidine (12). Treatment of
compound 12 with hydrazine hydrate furnished 4-hydrazino-
2-methylthio-5-ethyl-6-methylthieno[2,3-d]pyrimidine (13) in
good yield. Acylation of 11 with benzoyl chloride afforded
3-benzoyl-5-ethyl-6-methylthieno[2,3-d]pyrimidin-2,4(1H,3H)-
dithione (14). The structures of 11-14 were established from
their spectral data.

H _'_'_'_'_'_,_I—F
5 ] c
i l NH-NH
i

M

i
& N"JM“EEHJ
Scheme-2 13

Reagents: (a) CS,, pyridine; (b) CH,l, ag. NaOH; (c) NH,NH,,.
H,O; (d) benzoyl chloride.

Most of the synthesized compounds showed moderate
antibacterial activity whereas some did not show inhibition
(Table 1). Most of the tested compounds exhibited good to
excellent results against all the fungi (Table 2).
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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 HCI, 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.

Keywords: flouroguinolone, ciprofloxacin, ofloxacin, levofloxacin

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
*Authror for correspondence; E-mail: mzaheevchem@yahoo.com
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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 HCI and absorbance
was measured by UV-Vis spectrophotomer Perkin Elmer
Lambda 35.&__ for ciprofloxacin was 276 nm and for ofloxacin
and levofloxacin, it was 294 nm.

|. 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 HCI to
25ug/ml concentration.

Standard preparation. For preparation of the working
standard, 291 mg ciprofloxacin HCI, 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
0.0IN HCI (25 ug/ml).

Absorbance of the standard and the sample solution was
measured at 276 nm taking 0.01N HCl as blank.
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Assay by UV: Standard preparation. For preparation of
working standard, ciprofloxacin HCI, 116.4 mg equivalent to
100 mg of ciprofloxacin, was weighed in 100 ml volumetric
flask, dissolved in 0.1 N HCl till the volume was upto the mark.
1 ml of this solution was diluted upto 100 ml with the same
solvent for preparing a solution of 0.3 mg/ml concentration.

Sample preparation. Twenty (20) tablets were weighed and
ground. The powder equivalent to 100 mg of ciprofloxacin
was taken in 100 ml volumetric flask and dissolved in 0.1 N
HCI. The solution was fltered and diluted. 1 ml of this solution
was diluted up to 100 ml with 0.1 N HCI.

The absorbance of the sample and the standard were mea-
sured at 276nm taking 0.1N HCl as blank.

Assay by HPL.C. The assay was carried out by the method of
United States Pharmacopoeia (2004) using high performance
liquid chromatography. A Schimadzu LC-9 was used with UV
detector set at 278 nm having ODS column (25 cm x 4.6 mm).
Temperature was adjusted at 30 + 1 °C.

The mobile phase was prepared by mixing 0.025 M phos-
phoric acid of pH 3.0 and acetonitrile (87:13). Flow rate was
keptat 1.5 ml/min.

Standard preparation. For preparation of working standard,
349.2 mg of ciprofloxacin HCI, equivalent to 300 mg of
ciprofloxacin, was weighed in 100 ml volumetric flask,
dissolved in water and the volume was made upto the mark.
10 ml of this solution was diluted to 100 ml with the same
solvent to prepare a solution of 0.3 mg/ml.

Sample preparation. Twenty (20) tablets were weighed and
ground. The powder equivalent to 5 tablets was taken in
500 ml volumetric flask, about 400 ml water was added and
sonicated for 20 min. The volume was made upto the mark
with water; 10 ml of this solution was diluted to 100 ml with
the same solvent to prepare a solution of 0.25 mg/ml.

Ciprofloxacin contents expressed in mg/tablet were calculated
using the following formula:

331.35xC xL xru

Amount of ciprofloxacin (mg) =
367.81 xD xrs

where:

331.35 = Molecular weight of ciprofloxacin HCI.
367.81 = Molecular weight of anhydrous ciprofloxacin HCI.

C = Concentration (mg/ml) of USP grade ciprofloxacin
HCI RS in the prepared standard.

L = Labelled amount (mg) of ciprofloxacin in each tablet.

D = Concentration (mg/ml) of ciprofloxacin in the

prepared sample.
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ru = Ciprofloxacin peak response obtained from the
prepared sample.
rs = Ciprofloxacin peak response obtained from the

prepared standard.

I1. EvaLuaTioN oF OFLOXACIN

Disintegration time. Test was carried out according to speci-
fications of British Pharmacoepoeia (2007).

Dissolution test. Test was carried out according to USP (2004)
with 1000 ml of 0.1N HCI in each basket; temperature was kept
at 37+1°C. Rotation of the paddle was adjusted at 50 rpm; run
time of the apparatus was 30 min.

Sample preparation. Sample was drawn after 30 min, filtered
and cooled down to room temperature; 10 ml of this solution
was taken in 100 ml volumetric flask and diluted with 0.1 N HCI
to get a solution of 20 ug/ml concentration.

Standard preparation. For preparing reference standard,
ofloxacin equivalent to 200 mg was weighed in 100 ml volu-
metric flask, dissolved in 0.01 N HCI and the volume was made
upto the mark; 1 ml of this solution was diluted with the same
solvent to get a solution of 20 pug/ml concentration.

Absorbance of the standard and the sample solution was
measured at 294 nm, taking 0.1 N HCl as blank.

Assay by UV. Standard preparation. For preparing working
standard, ofloxacin equivalent to 100.0 mg was weighed in 100
ml volumetric flask, dissolved in 0.1 N HCI and the volume
was made up to the mark; 1 ml of this solution was diluted to
100 ml with the same solvent.

Sample preparation. Twenty (20) tablets were weighed and
ground. Powder equivalent to 100 mg of ofloxacin was taken
in 100 ml volumetric flask, dissolved in 0.1N HCI and the
volume was made upto the mark. The solution was filtered
and 1 ml of this solution was diluted up to 100 ml with the
same solvent.

Absorbance of the sample and the standard was measured at
294 nmtaking 0.1 N HCl as blank.

Assay by HPL.C. The assay was carried out by the method of
USP (2004) using high performance liquid chromatography.
A Schimadzu LC-9 was used with UV detector set at 294 nm
having ODS column (25 cmx 4.6 mm), temperature was adjus-
tedat35+1°C.

The mobile phase used was mixture of dodecyl sodium
sulphate (0.24% aqueous solution), acetonitrile, and glacial
acetic acid (580:400:20) with flow rate of 1.5 ml/min.

Standard preparation. For preparing working standard,
ofloxacin, equivalent to 60 mg, was weighed in 100 ml
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volumetric flask, dissolved in 0.05 N HCI and the volume
was made upto the mark; 10 ml of this solution was diluted to
100 ml with the same solvent so as to prepare a solution of
0.06 mg/ml.

Sample preparation. Twenty (20) tablets were weighed and
ground. Powder equivalent to 60 mg of ofloxacin was taken in
100 ml volumetric flask, dissolved in 0.05 N HCI and the
volume was made up to 100 ml; 10 ml of this solution was
diluted to 100 ml with the same solvent so as to prepare a
solution of 0.06 mg/ml.

Percentage amount of ofloxacin expressed in mg/tablet was
calculated by the following formula.

Percentage of ofloxacin = (ru/rs) x 100,
where:

ru= Ofloxacin peak response obtained from the sample
preparation and

rs = Ofloxacin peak response obtained from the standard
preparation.

I11. EVALUATION OF LEVOFLOXACIN

Disintegration time. Test was carried out according to the
specifications of British Pharmacopoeia (2007) using one tablet.

Dissolution test. Dissolution test was carried out by the same
procedure as used for ofloxacin tablets.

Sample preparation. Sample was drawn after 30 min, filtered
and cooled down to room temperature; 08 ml of this solution
was diluted with 0.1N HCI in a 100 ml flask to get a solution of
20 ng/ml concentration.

Standard preparation. For reference standard, levofloxacin
equivalent to 250 mg was weighed in 100 ml volumetric
flask, dissolved and the volume was made upto the mark with
0.01 N HCI; 0.8 ml of this solution was further diluted with
0.1 N HCl to get a solution of 20 ug/ml concentration.

Absorbance of the standard and the sample solution were
measured at 294 nm taking 0.1 N HCI.

Assay by UV. Standard preparation. For preparing working
standard, levofloxacin equivalent to 100.0 mg was weighed in

Table 1. Analysis of ciprofloxacin tablets
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a 100 ml volumetric flask, dissolved in 0.1N HCI and the
volume was made up to the mark; 1 ml of this solution was
diluted to 100 ml with the same solvent.

Sample preparation. Twenty (20) tablets were weighed and
ground. Powder equivalent to 100 mg of levofloxacin was
taken in 100 ml volumetric flask and dissolved in 0.1 N HCI.
The solution was filtered and 1ml of this solution was diluted
with 0.1 N HCl upto 100 ml.

Absorbance of the sample and the standard were measured at
294 nmtaking 0.1 N HCl as blank.

Assay by HPLC. The assay was carried out by high perfor-
mance liquid chromatography. A Schimadzu LC-9 was used
with UV detector set at 294 nm having ODS Column (25cm x
4.6 mm) and temperature was adjusted at 35 + 1°C.

The mobile phase used was mixture of dodecyl sodium
sulphate (0.24% aqueous solution), acetonitrile, and glacial
acetic acid (580:400:20) with flow rate of 1.5 ml/min.

Standard preparation. For preparing the working standard,
levofloxacin equivalent to 60 mg was weighed in 100 ml volu-
metric flask, dissolved in 0.05 N hydrochloric acid and the
volume was made upto the mark; 10 ml of this solution was
diluted to 100 ml with the same solvent to prepare a solution
of 0.06 mg/ml.

Sample preparation. Twenty (20) tablets were weighed and
ground. Powder equivalent to 60 mg levofloxacin was taken in
100 ml volumetric flask, dissolved in 0.05 N HCI and the
volume was made upto the mark; 10 ml of this solution was
diluted to 100 ml with the same solvent to prepare a solution
of 0.06 mg/ml.

For expressing the percentage amount of levofloxacin in
mg/tablet, formula is the same as used for ofloxacin.

Results and Discussion

For evaluation of four brands of ciprofloxacin, ofloxacin and
levofloxacin each, only tablet form of the drugs was selected.
Physical and chemical analysis and in vitro bioavailability
through dissolution were carried out; results are reported in
Tables 1-3.

Formulations Assay by UV-Vis Assay by Dissolution Disintegration
spectrophotometer (%) HPLC (%) assay (%) time (min)

cl 100.62 98.59 88.38 9-10

(07 102.01 103.15 85.316 56

a3 96.74 97.15 99.31 23

o7} 103.10 101.80 95.89 34
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Table 2. Analysis of ofloxacin tablets

189

Formulations Assay by Assay by Dissolution Disintegration
UV-Vis spectro- HPLC (%) assay (%) time (min)
photometer (%)

o1 97.29 97.68 96.80 0-1

02 96.30 95.84 9393 10-11

03 96.59 95.76 8191 2-4

o4 98.90 98.12 89.75 11-12

Table 3. Analysis of levofloxacin tablets

Formulations Assay by Assay by Dissolution Disintegration
UV-Vis spectro- HPLC (%) assay (%) time (min)
photometer (%)

u 102.71 102.23 102.71 2-3

L2 9861 100.14 9751 9-10

L3 97.30 96.87 24.18 34-35

L4 99.92 99.50 10011 56

Physical tests of all the samples show the physical stability of
compounds in different formulations. UV absorption of the
sample and the reference standard of ciprofloxacin showed
absorption&__ at276 nmand that of ofloxacin and levofloxacin
showed € __ at 294. It was found that the active compounds
in all the samples were chemically stable and there were no
significant impurities present in the tablets.

Quantitative estimation of the active ingredients was also
confirmed by HPLC according to the standard procedure of
United State Pharmacopoeia (2004). Percentage composition
of all the compounds was determined by using reference
standards (USP grade) of the same concentration. Retention
time of the sample and the reference standard of ciprofloxacin
was 7.230 (Fig. 1), of ofloxacin was 9.880 (Fig. 2) and of
levofloxacin was 10.570 (Fig. 3). Variations and differences of
the active ingredients in all the formulations were within the
US pharmacopoeial limiti.e. (90- 110%).

For evaluating the efficacy of the tablets, apart from the amount
of drug per tablet, capacity of the tablet to release the drug is
to be determined. For this purpose the bioavailability of the
tablets was ascertained in vitro. A generally accepted maxim
for a drug to be readily available to the body is that it must be
in the form of solution. For tablets, the first important step
towards dissolution is breakdown of the tablet into smaller
particles or granules. This disintegration takes place naturally
in the stomach.

The disintegration time of all the tablets was determined
(Tables 1-3). The standard time for disintegration by the film

coated tablet is not more than 30 min (British Pharmacopoeia,
2007).

The disintegration time of ciprofloxacin sample tablets
(Table 1) ranged from 2-10 min which complies with the
standard values. The disintegration time of ofloxacin tablets
(Table 2) ranged from 1-12 min which also complies with the
standard values. However, the disintegration time of
levofloxacin sample tablets (Table 3) ranged from 2- 35 min
which does not follow the standard values. Although the
maximum disintegration time is a little above the maximum
standard limit of 30 min for film coated tablets, but disintegra-
tion time of 35 min is not desirable in life saving medicines.

The disintegration time, however, simply identifies the time
required for the tablet to break up under the condition of test
and for all particles to pass through a 10-mesh screen. The
test offers no assurance that the resultant particles will

500
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Fig. 1. The HPLC chromatogram of ciprofloxacin.
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Fig. 3. The HPLC chromatogram of levofloxacin.

release the active ingredient in solution at an appropriate
rate. For this purpose the test for the dissolution rate was
performed.

The dissolution rate is critically important for the tablets.
The standard values for these tablets are not less than 80%
(United State Pharamacopoeia, 2004).

The results (Table 1) show that the dissolution rate for the
ciprofloxacin tablets ranged from 85-99%, which complies with
the standard value. The dissolution rate for ofloxacin tablets
(Table 2) ranged from 81-87%. Dissolution rate of 81% though
close to the standard values is not a desirable one. Dissolution
rate of levofloxacin tablets (Table 3) ranged from 24-102%,
which does not comply with the standard value and indicates
the substandard criteria of the product. Dissolution rate of
24% is quite below the minimum standard limit. It was
observed that the disintegration time also correlated with the
dissolution rate.

Thus it may be concluded that the active ingredients in all the
tablets were present in appropriate quantities. Products were

Muhammad Zaheer et al.

chemically stable according to their shelf life but the
bioavailability of these tablets was considerably different
which need to be improved through making improvements in
the formulations.
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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, o.-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

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).0ut of all
bacteriocins, only nisin has got the GRAS (Generally Recog-

*Author for correspondence; E-mail: niveditashaarma@yahoo0.co.in
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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.
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Well diffusion method. The antimicrobial activity of BLIS
was tested by well diffusion method (Kimura et al., 1998) as
follows. One ml of inoculum of each indicator bacteria (1.0
OD) was swabbed properly on pre-poured sterilized nutrient
agar plates with the help of sterilized cotton bud. Wells of
7 mm diameter and 5mm depth were cut on the lawns of indica-
tors and 300 ul of BLIS was poured into each well. The plates
were incubated at 37 °C for 24 h and zones of clearance formed
around the wells were measured.

Production of BLIS. The culture of B. lentus (1.0 OD,, )
was added to 1000 ml of nutrient broth @10%. The inocu-
lated flasks were kept at 37 °C at 150 rpm for 72 h.

Partial purification of BLIS. Partial purification of BLIS
was carried out through ammonium sulphate precipitation
using salt saturation method (Sharma et al., 2006). B. lentus
culture (1.0 OD,,) was saturated with different concentra-
tions of ammonium sulphate i.e. 10, 20, 40, 50, 60, 70, and 80%
with subsequent constant stirring. Precipitation occurred at
80% saturation level of ammonium sulphate in culture
supernatant of B. lentus. This preparation was kept at 4 °C
for 24 h. After 24 h, centrifugation was repeated at 20,000 x g
at 4 °C for 30 min. This led to separation of pellets and
supernatant. The pellets were suspended in 0.1 M PO, buffer,
pH 7.0 and stored at 4 °C.

Purification of BLIS. Column chromatography (Gel
exclusion). For carrying out gel exclusion column chroma-
tography, BLIS sample (5 ml) was loaded on Sephadex
G-100 column which was packed according to the recom-
mended procedure of Kumar and Vadhera (1980) as
follows: Sephadex G-100 (5 g) was weighed and suspended
in 500 ml of phosphate buffer for overnight. It was swollen for
5hinboiling water bath, deaerated next day for 1h and brought
to room temperature before packing the column of dimension
75x1.5 cm. Packing was done to avoid entrapment of any air
bubbles in the gel bed. Column was then eluted with phos-
phate buffer (pH 7.0, 0.1M) and 3 ml fractions of the sample
were collected in each of a total of 30 tubes. A flow rate of
15 ml/h of the sample was maintained. The fractions were
analyzed for protein contents by taking OD at 280 nm.

Protein estimation. Protein concentration of BLIS of B. lentus
was measured using the Lowry’s method (Lowry et al.,1951).
Following reagents were used for protein estimation:

A. Alkaline sodium carbonate (2 % Na,CO, in 0.1 N NaCH),
B. 1 % copper sulphate,
C. 2 % sodium potassium tartarate,
D. Alkaline copper reagent (prepared afresh by mixing
A+ B+ Cintheratioof 100:1: 1) and
E. 1 N folin-ciocalteu phenol reagent, and prepared afresh.
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0.1 ml BLIS sample was added to 0.9 ml of distilled water in
the test tubes. 3 ml of reagent D was added and the tubes were
allowed to stand at room temperature for 10 min. Then 0.3 ml
of 1IN folin’s reagent was added to each test tube. The test
tubes were incubated at 37 °C for 30 min and OD was mea-
sured at 670 nm against the reagent blank. The blank reagent
contained all the reagents except for the BLIS. The amount of
protein samples were worked out from standard curve prepared
by using bovine serum albumin (10-100 ug/ml) and the esti-
mated protein was expressed in mg/ml.

Sodium dodecyl sulphate polyacrylamide gel electro-
phoresis (SDS-PAGE). SDS PAGE was performed
following the method of Laemmli (1970). Purification of
BLIS was monitored, using 12% acrylamide gel. Standard
molecular weight marker (Sigma) was run along with the
sample.

Staining of gel. The gel was stained using silver staining
method of Merril et al. (1981). Gel was kept in fixing
solution for overnight, then put in 30% (50 ml) ethanol for
30 min and later kept in Farmers reagent for 5 min. Three
washings of 10 min each were given with autoclaved
distilled water ; 0.1% AgNO, solution (100 ml) was added
and the gel was kept in dark for 30 min. Three washings
were given again with distilled water for 20 sec each.
Developing solution (100 ml) was added and gel was gently
shaken in gel rocker until brown colour bands appeared
in it. The reaction was brought to an end with 1% acetic
acid and the gel was stored in plastic bags at refrigerated
temperature.

Calculation of activity units (arbitrary units-AU/ml) of
BLIS. The activity units of culture supernatant, partially
purified and purified BLIS of B. lentus were calculated by
serial two fold dilution method of Barefoot and Klaenhammer
(1983).The culture supernatant, partially purified and puri-
fied BLIS were serially diluted and the reciprocal of smallest
detectable zone of inhibition was marked for calculation of
AU/ml.

Acrbitrary units (AU/ml) were calculated as follow:

a) for culture supernatant of BLIS
0.3 ul =200
1ml =6.6 x 10° AU/mI

b) for partially purified bacteriocin of BLIS
0.3 ul =600
1ml =20 x 105 AU/ml

c) for purified bacteriocin of BLIS

0.3 ul =1200
1ml=4x10¢ AU/mI



Purification of BLIS from B. lentus

Characterization of purified BLIS. Effect of temperature
on activity of BLIS. BLIS (0.5 ml) aliquot was added to 4.5
ml of nutrient broth in a test tube. Each test tube was then
overlaid with paraffin oil to prevent evaporation and then kept
for 10 min at different temperatures viz. 40, 50, 60, 70, 80,
90, and 100 °C on a water bath and moist heat treatment at
121°C was given in autoclave for the same time. Activity of
heat treated BLIS was analyzed by the following methods.

1) Well diffusion method: as described earlier.

2) Optical density (OD) method: BLIS, treated at various
temperatures for 10 min, was mixed with 0.5 ml indicator
strains (L. monocytogenes, S. aureus and A. hydrophila)
and incubated at 37 °C for 24 h. Their OD was measured at
540 nm. Minimum OD exhibited maximum inhibition of
the sensitive strain by that particular fraction of heat treated
BLIS.

Effect of pH on activity of BLIS. BLIS (0.5 ml) was added
to 4.5 ml of nutrient broth, at pH, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0,
9.0, 10.0 and 11.0. The test tubes were incubated for 30 min
at 37 °C. Each pH treated BLIS was assayed by well diffu-
sion and optical density methods as already mentioned.

Effect of salt (NaCl) concentration on activity of BLIS. To
check the effect of salt concentration on activity of
BLIS, different salt concentration viz., 0.1, 0.5, 1.5, 2.5, 3.5,
4.5, 5.5% were prepared in distilled water (100 ml). BLIS
(0.5 ml) was added to 0.5 ml of each NaCl concentration;
controls were run in parallel. Effect of various salt concentra-
tions on BLIS activity was assayed using well diffusion assay
and optical density methods.

Effect of stability on activity of BLIS. The potency of
purified BLIS was checked at regular intervals viz. 0.5,
1.0,1.5, 2.0, 3.0, 4.5, 5.0 and 5.5 months. Purified BLIS
was stored in a clean sterilized glass bottle in frozen
state. BLIS activity was recorded against three indicator
strains viz. L. mono-cytogenes, S. aureus and A.
hydrophila by well diffusion method, noting the size of
individual zones.

Effect of proteolytic enzymes on activity of BLIS.
Proteolytic enzymes namely trypsin, c-chymotrypsin, and
papain were selected for the study. Lawns of L. monocyto-
genes, S. aureus and A. hydrophila were prepared.

EC, i.e. Enzyme control I as 0.3 ml phosphate buffer, EC,
i.e. Enzyme control Il as 0.15 ml bacteriocin of each isolate
+0.15 ml of phosphate buffer and ER i.e. enzyme reaction as
0.25 mg of enzyme trypsin/a. chymotrypsin or papain were
dissolved separately in 1ml each of 0.1 M phosphate buffer
and then added to BLIS in the ratio of 1:1.
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The preparations EC,, EC, and ER were incubated for 1 h at
37 °C. Enzyme reaction and both enzyme control were
assayed by well diffusion method against corresponding
indicators.

Application as biopreservative for milk. Fresh cows milk
procured locally was taken in sterilized glass flask and boiled
at 100 °C for 2 min, followed by cooling at room tempera-
ture. Milk sample, 10 ml each, were put in three clean and
sterilized bottles. Mixed inoculum of L. monocytogens and S.
aureus in the ratio of 1:1 (8.80 log cfu/ml, 10D) was used for
inoculating the sample.

To one set of milk, BLIS was added @ 2000 ppm (Lucke,2000)
while the standard chemical preservative, benzoic acid, was
added to another set of milk at the same concentration for
comparative study. The third set of milk was kept as control
without any addition. These tubes, after proper plugging and
sealing with hot wax, were kept in refrigerator (4 °C). Colony
count was made by pour plate method and log cfu/ml was
calculated on day 0, 7, 14, 21 and 28 for mixed inoculum.
Morphological changes were also observed simultaneously.
Experiments were conducted in triplicate and results
were analyzed statistically; factorial CRD was used for
comparative study of the biopreservative with the chemical
preservative, against indicators, to enhance storage of milk.

Results and Discussion

BLIS of B. lentus showed a broad range antagonistic spectrum
against L. monocytogens, S. aureus, A. hydrophila, Lactoba-
cillus sp., P. aeroginosa and E. coli. BLIS was found to be
effective against gm +ve as well as gram -ve bacteria whereas
generally other BLIS were found active against only closely
related gram +ve strains (Chen and Williams, 2003; Osman-
gaoglu et al., 2001). However, there are a few reports of
bacteriocin of LAB isolated from different food sources
capable of inhibiting the growth of both gram +ve and gram -ve
bacteria (Sharma and Gautam, 2008; lvanova et al., 2000). BLIS
secreted by B. lentus were partially purified by salt saturation
method. Final purification of BLIS was attained by column
chromatography. Single gel exclusion chromatography step was
used subsequently after ammonium sulphate precipitation. So
far, this is the first time that any BLIS has been purified through
only one chromatographic step. Other BLIS have been puri-
fied in 2 or 3 steps. Protein activity was observed in fractions
12-20 at 280 nm (Fig.1a), which was found to be 0.45, 0.62,
0.70, 0.91, 1.20, 0.92, 0.81, 0.65 and 0.32 OD, respectively.
Fraction 16 showed the highest activity of OD 1.20, confirmed
by well diffusion method as well. Fractions 2-20 were pooled
for further studies. Inhibitory activity of pooled fractions were
observed against the three tested strains i.e. L. monocyto-genes,
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Fig. 1(a). Protein activity of BLIS fractions in terms of
OD at 280 nm.
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Fig. 1(b). SDS-polyacrylamide gel electrophoresis of
purified BLIS of B. lentus.

S. aureus and A. hydrophila, and zones of 36 mm, 32 mm and
30 mm, respectively, were measured. The purity of bioactive
fraction was checked by SDS PAGE and the molecular weight
of BLIS was found to be approximately 11 kDa (Fig 1b).

BLIS exhibited very high activity (4x10®° AU/ml) which
reflected its strong potential against the tested spoilage-
causing and food-borne pathogens thus proving its efficacy
as preservative for enhancing the shelf life of food items. There
was a consistent increase in activity of BLIS at each step of
purification ranging from 6.6 x10° AU/ml for culture super-
natant, 20 x 10° AU/ml for partially purified BLIS to 4x10°
AU/ml for purified BLIS (Table 1). The purified preservative
showed 50 fold activity as compared to the crude BLIS. After
purification, a spectacular increase in inhibition zone size was
noticed as compared to the zone size of partially purified BLIS.
There was 50% increase in zone size of purified BLIS against
L. monocytogenes, and A. hydrophila over partially purified
BLIS while 45.5% increase against S. aureus was observed.

Further characterization was done on the basis of temperature
and pH in terms of inhibition zone and OD. BLIS was found
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active at 121°C against L. monocytogenes and S. aureus while
it lost activity against A. hydrophila at 121°C. It showed high
thermostability w.e.f. 40 to 100 °C for all the three indicators
tested though inhibition zone size decreased with the increase
in temperature (Fig. 2). It is clear from Fig 3 that optical den-
sity was low at 40 °C and 50 °C for the three test strains and as
the temperature increased, there was an increase in OD indi-
cating lesser activity of the preservative. Similar studies have
been reported about bacteriocin of L. brevis, L. plantarum
and L. lactis to be heat stable at high temperature viz., 121°C
(Ogunbanwo et al., 2003) while others lost their activity even
at 50 °C (Gharairi et al., 2005; Vanghan et al., 1992).

For studying the effect of pH, purified BLIS was exposed to
pH ranging from 2 to 11. Well diffusion assay was used with
test indicators revealing maximum inhibition zone of 36,
32 and 30 mm against L. monocytogens, S. aureus and A.
hydrophila, respectively, at pH 7.0 thus showing its highest
activity at neutral pH. BLIS was also found active on shift of
pH towards acidic (pH 3.0) as well alkaline side (pH 10/11)
though partial loss in its activity was indicated by decreasing
zone sizes against the specific test strains (Fig. 4). OD,,, for

. [ L. monocytogenes
M S. aureus
O A. hydrophila

40 50 60 70 80 90 100 121
Temperature (°C)

Fig. 2. Effect of temperature on activity of purified
BLIS (in terms of inhibition zone).

16
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1.2 -= S, aureus

1 A. hydrophila
0.8
0.6
0.4
0.2

OD (540 nm)

40 50 60 70 80 90 100 121
Temperature (°C)

Fig. 3. Effect of temperature on activity of purified
BLIS (in terms of OD at 540 nm).
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Table 1. Profile of culture supernatant, partially and wholly purified BLIS produced by B. lentus.

Purification Volume  Activity unit  Total activity  Protein Specific activity Purification Recovery
status (ml) (AU/mI) (mg/ml)  (AU/mg) fold (%)
Culture supernatant 500 6.6 x 10° 3.3x108 13.2 5x 10 1 100
Partially purified

BLIS (ammonium

sulphate ppt.) 20 20 x 10° 4.0 x 107 8.9 2.3x10° 4.5 67
Purified BLIS 10 4.0 x 10° 4.0x 107 1.6 2.5x10¢ 50 12

Total activity = volume x activity; protein concentration was determined by Lowry’s method; specific activity = the activity unit/protein
concentration; purification fold is increased in specific activity; recovery (%) = concentration of the remaining protein as % of the initial

concentration of protein.

B L. monocytogenes
W S.aureus
O A. hydrophila

N 15
10

Inhibition

o

3 4 5 6 7 8 9 10 1
pH level

Fig. 4. Effect of pH on activity of purified BLIS
(in terms of inhibition zones).

L. monocytogens, S. aureus and A. hydrophila was the
lowest at neutral pH indicating highest activity of BLIS.
pH range of 3.0-4.0 and 10.0-11.0 showed maximum OD
expressing minimum activity of BLIS (Fig 5). In this respect,
BLIS has an edge over nisin for food preservation since it can
remain stable in all acidic, alkaline or neutral types of foods
(Periago and Moezelaar, 2001).

The bacteriocin pediocin PA1 when used against L.
monocytogens was found effective at a pH range of 5.5t0 6.5

12
y -6~ L. monocytogenes
! & S, aureus
€08 A hydrophila
c
2 06
o
o 04
o]
0.2
0 M
3 4 5 6 7 8 9 10 1
pH
Fig. 5. Effect of pH on activity of purified BLIS (in
terms of OD at 540 nm).

(Gravesen et al., 2002). Nisin, the only commercially avail-
able bacteriocin, has its use limited to acidic foods only.
Bacteriocin of Bacillus cereus was reported to be active at
pH 3.0 to 12.0 (Naclerio et al., 1993).

Effect of salt (NaCl) concentration viz 0.5% to 5.5% on BLIS
activity was observed by well diffusion assay (inhibition zone)
and OD method against L. monocytogenes, S. aureus and
A. hydrophila while controls were run in parallel. BLIS
retained its activity till 3.0% concentration of salt but as the
concentration increased to 3.5% there was a slight decrease in
zone size and increase in OD, which further enhanced
with increase in concentration of salt upto 4.5% and 5.5%. The
controls run in parallel showed no zone formation against the
indicators. The results reveal that a very high salt concentration
partially inhibit the BLIS activity (Fig. 6 & 7). Bacteriocin
activity in some LAB was enhanced in the presence of low
NaCl concentration of 1-2 percent but was lost at a slight
higher concentration of 3 percent or more. Bacteriocin of
L. curvatus LTH 1174 showed decrease in activity at low salt
concentration of 2 per cent (Vignolo et al., 1995) while that of
Carnobacterium piscicola A9 was not affected by 0-10

40_ @ L. monocytogenes
35 B S. aureus
301 O A. hydrophila

N
2 9

=
g ou

Inhibition zone size (mm)
N
o

o

0 05 15 2.5 35 45 55
Salt concentration (%)

Fig. 6. Effect of salt (NaCl) concentration on activity
of purified BLIS (in terms of inhibition zone).
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Fig. 7. Effect of salt (NaCl) concentration on activity
of purified BLIS (in terms of inhibition zone).

per cent NaCl against L. monocytogenes. Himelbloom et al.
(2001) found that bacteriocion stability remained unaltered
for one month at 4 °C at low salt concentration.

When the effect of three proteolytic enzymes viz. trypsin,
o-chymotrypsin and papain on the activity of purified
BLIS of B. lentus was studied, no zones were found against
L. monocytogenes, S. aureus and A. hydrophila. However,
when BLIS was treated with phosphate buffer (EC,) and then
reacted with their respective sensitive indicators, zones of
36 mm, 32 mm were formed against L. monocytogenes, S.
aureus and A. hydrophila, respectively. Phosphate buffer in
which trypsin, o-chymotrypsin and papain were diluted had
nil effect towards activity of BLIS. The inactivation of BLIS
with proteolytic enzymes proved that BLIS is proteinaceous
in nature. This further adds to the fact that BLIS can be bro-
ken down by the proteolytic digestive juices when consumed
thus rendering it completely harmless in human system.
Ivanova et al. (2000) showed that bozacin 14 produced by
Lactococcus lactis subsp. lactis was sensitive to proteinase
K, pronase E and pepsin indicating it to be proteinaceous in
nature and thus it may be considered as a bacteriocin.
Ogunbanwo et al. (2003) showed that bacteriocin produced
by Lactobacillus plantarum F1 lost its activity after treatment
with all the proteolytic enzymes. Bacteriocin lactococcin
R 9/2, lactococcin R 10/1 were inactivated by only proteinase
K and a-chymotrypsin. Lactococcin R 9/2 was inactivated by
a-amylase as well (Elotmani et al., 2002).

Effect of storage on the activity of purified BLIS. Puri-
fied-BLIS showing activity of 4 x 10° AU/ml was stored at
freezing temperature and periodically checked at interval of
0.5 months, i.e. after 0.5, 1.0, 1.5, 2.0, 3.0, 4.5, 5.0 and 5.5
months. The zone size of 36 mm, 32 mm and 30 mm against
L. monocytogenes, S. aureus and A. hydrophila was main-
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tained, retaining the full potency, till one month after purifi-
cation. After 1.5 months of storage, there was a slight decrease
in zone size being 32 mm for L. monocytogenes, 28 mm for
S.aureus and 26 mm for A. hydrophila which was maintained
for 2.0 months. There was further decrease in zone size viz.
30 mm, 26 mm and 24 mm for the three strains, respectively,
at the end of 3.0 months. After 4.5 months of storage of
purified BLIS the zones of inhibition showed further decrease
being 22 mm, 18 mm and 16 mm for the respective indicators
showing partial loss of activity of the bio-preservative.
After 5.0 months of storage of BLIS in frozen state, the zone
size reduced to 18 mm, 14 mm and 12 mm respectively, and
after 5.5 months of storage, to 14 mm, 12 mm and 10 mm,
respectively, for L. monocytogenes, S. aureus and A. hydrophila.

BLIS was fully stable for all the three hosts for a month
after its purification while there was a slight decrease in
the activity at three months of storage at refrigerated tem-
perature. After 4.5 months of storage there was 61.1%,
56.3% and 53.3% decrease in the activity against the three
microbes in the same order, while the loss of stability of
BLIS reached to 38.9%,37.5% and 33.3% after 5.5 months
of storage. This study proved that BLIS of B.lentus could
be stored as purified fraction for approximately three
months at refrigeration temperature with minimal loss in
its activity.

Yildrim and Johnson (1998) observed that bacteriocin
lactococcin R produced by Lactococcus lactis subsp. cremoris
remained active at -20 °C and -70 °C for 3 months after stor-
age. A bacteriocin isolated from group B-Streptococcus was
found extremely stable when stored in its crude form at 4 °C
for at least 6 months with no loss of activity while there was
loss of activity in purified bacteriocin after 1 week at 4 °C
(Tagg et al., 1975). A bacteriocin JF426, isolated from
Serratia marcescens having molecular weight of 6.4 kDa,
was stable when stored in frozen condition showing biologi-
cal activity for at least 3 months (Foulds, 1972).

The storage studies of milk inoculated with mixed inoculum
of L. monocytogens and S. aureus with addition of lenticin,
benzoic acid and control showed initial log cfu/ml of 8.80
and initial pH value of 6.8. There was a decrease in log cfu/ml
of BLIS samples till the 7 day. The log cfu/ml for benzoic
acid and control was 8.40 and 8.90, respectively. On the 14"
day, values of log cfu/ml of BLIS, chemical preservative and
control were respectively 6.90, 7.50 and 9.00. Mean value
was 7.80 while log values changed to 7.40, 8.10 and 10.80 for
BLIS benzoic acid and control, respectively, on the 21 day
onward. The mean value was 8.77 which increased further on
28 days of preservation being 8.0, 9.8 and 9.92 in the same
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order and the final pH was 6.7,5.9 and 5.5. The calculated
mean for BLIS was 7.58, for benzoic acid 8.52 and for con-
trol, 9.92. CD value was 0.05, T value was 0.07 and D value
was 0.09. The TxD value was calculated to be 0.16 (Table 2).
Graphical representation of log cfu/ml against days showd
that BLIS is a better preservative than benzoic acid for milk
inoculated with L.monocytogenes and S.aureus (Fig 8). The
results show higher stability of the sample till day 21 and better
activity of BLIS as compared to benzoic acid when used
commercially for preservation of milk. Morphological changes
were also recorded which showed no curdling, colour change

Table 2. Comparative study of activity of BLIS and chemical
preservative (sodium benzoate) against mixed inoculum
(L. monocytogenes + S. aureus) for storage of milk at 4 °C.

Days Biopreser- Chemical Control Mean
vative (BLIS) preservative (no preser-
(log cfu/ml)  (sodium vative)
benzoate) (log cfu/ml)
(log cfu/ml)
0 8.80 8.80 8.80 8.80
7 6.80 8.40 8.90 8.03
14 6.90 7.50 9.00 7.80
21 7.40 8.10 10.80 8.77
28 8.00 9.80 12.10 9.97
Mean 7.58 8.52 9.92
CD, 4s0» treatment (T) = 0.07; days (D) = 0.09; T x D = 0.16.
14 -4~ Control
12 -= Bacteriocin *
Chemical /
10
& * /

log cfu/ml
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\
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2
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Fig. 8. Comparative study of activity of BLIS and
chemical preservative (sodium benzoate) against
mixed inoculum (L. monocytogenes + S. aureus)
to enhance storage of milk at 4 °C.
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or offensive smell of milk in case of the biopreservative and
the chemical preservative containing samples while control
showed curdling from the 1% week onwards. Concentration of
BLIS was kept below 5000 ppm in milk sample which is the
permissible limit for food (Ray, 2001). Xiaomei et al. (2006)
reported that Bacillus subtilis fmbJ was found to produce an
antimicrobial substance, which exhibited inhibitory activity
against food spoilage microbes and pathogens. The inhibi-
tory effect of antimicrobial extracts against two gram +ve,
seven gram -ve and five moulds was identified.

Conclusion

Purified BLIS obtained from B. lentus, an isolate of sour
dough, a traditional fermented food, had low molecular
weight, high thermostability and salt tolerance. It had
activity over a broad pH range, long storage life and was
proteinaceous in nature. Considering these characteristics,
desirable for a food preservation, BLIS of B.lentus is
recommended for use as a potential biopreservative in
different food items. It could enhance the shelf stability of
milk upto 21 days and could delay spoilage better than other
standard chemical preservatives.
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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 um) was recorded with mean chromosomal length of 8.03 + 0.81 um, while the
lowest value of TCL (31.65 um) was found with mean chromosomal length (MCL) of 4.52 + 0.41 um. 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 (A,)
and m (karyotype; metacentric region chromosome) as well as the coefficients between TF and m and between A, 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

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
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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,
etal., 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 F, double-
haploid lines, obtained as somaclones via regeneration of
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plants from callus derived from immature inflorescences/
embryos of three hexaploid bread wheat genotypes and two
d11887825 generations up to F, derived from a single R,
doubled-haploid plant through selfed progeny for each line.
These five lines were compared with nine bread wheat and
one durum wheat (ID-10) genotypes. Features of the studied
15 genotypes are given in Table 1. Wheat genotypes were
grown at Siwa Oasis, Tegzerty Experimental Farm of Desert
Research Center during 2004 - 2005 winter seasons. Soil of the
experimental site was characterized to be of sandy loam tex-
ture, saline (ECe 12.3 dS/m), calcareous (CaCQO,, 18.1 %) with
0.7 % organic matter. Deep artesian well irrigation water of
EC about 4.1 dS/mwas used for supplying nine irrigations
throughout the growing seasons.

Methodology. Cytological preparations were carried out on
root tips obtained from seeds germinated on sterile moist
filter paper in petri dishes at 25 °C. Roots were pretreated
with 0.05 % colchicine solution for 2-3 h, fixed in Carnoy for
24 h and stored in 70 % ethanol at 4 °C. Cytological prepara-
tions were made using the Feulgen squash method. The well-
spread c-metaphase chromosomes were photographed from
temporary preparations at magnification, 2000x. Slides of
the original karyotypes are preserved in the Laboratory of
Cytogenetics of Biological Sciences and Geology Depart-
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ment, Faculty of Education, Ain Shams University, Roxy,
Cairo, Egypt. A karyogram for each genotype was con-
structed by arranging the chromosomes in homologous pairs
by order of their length and arm ratio as measured from the
photographic prints. The number of chromosome types was
determined as described by Levan et al. (1965). Measure-
ment of chromosomal length was taken on the same photo-
graphs of the karyogram. Variation in mean chromosomal
length (MCL) and chromosome arm ratio (MAR) within the
karyotype had been estimated by calculating the standard
error (SE) of these parameters. Karyotype asymmetry de-
duced from the ratio between the short arms of the chromo-
somes and their total length was expressed as total form
percent (TF %) as proposed by Huzwara (1962). Karyotype
asymmetry expressed by the ratio between chromosome arms
has also been estimated as the intrachromosomal asymme-
try index (A,) (Romero-Zarco, 1986). The value of A, was
considered close to zero if all chromosomes were metacen-
tric and approx. one if all chromosomes are telocentric. Karyo-
type asymmetry due to the ratio between sizes of different
chromosomes was also estimated as the interchromosomal
asymmetry index (A,) using Pearson’s dispersion coefficient,
which is the ratio between the standard deviation and the
mean chromosome length (Romero-Zarco 1986).

Table 1. Name, source, pedigree and selection history of the wheat genotypes used in the study

Genotype no. Genotype Source Pedigree/selection history

1 Mexipak 65 ICARDA 118156-OPAK

2 Sahel - 1 Egypt Ns. 732/Pima//\eery “S” #5
Sd735-4Sd-1Sd-1Sd-0Sd

3 Mar -3 Egypt* Cham 4/Sakha 8//2* Sakha 8
Su74-3Mr-32Mr-5Sw-13Sw-0Sw

4 ID-10 ICARDA ICD88-1233-ABL-8AP-0AP-3AP-0AP

5 Gem-7 Egypt CMH74A-630/Xs//Seri82/3/Agent/C
Gm4611-2Gm-3Gm-16Gm-0Gm

6 Giza-168 Egypt MRL/BUC//SERI
CM93046-8M-0Y-OM-2Y-0B-0GZ

7 Mar-5 Egypt* Giza 162//Bch’S/4/P1-ICWT79
Su5-11Mr-38Mr-1Mr-OMr

8 Cham-4 Syria CM 39816-1S-1AP-0AP

9 S, /17 Egypt R, tissue culture regenerated double haploid plant

10 LR/1 Egypt R, tissue culture regenerated double haploid plant

n LR/2 Egypt R, tissue culture regenerated double haploid plant

12 Giza-160/1 Egypt R, tissue culture regenerated double haploid plant

13 Giza- 160 Egypt L.2188/1131 - Chenab 70/ Giza 155

14 LermaRojo- 64 Spain Long —term check

15 LR/3 Egypt R, tissue culture regenerated double haploid plant

“Newly bred line released through Desert Research Center, Wheat Breeding Program; ICARDA = International Center of Agricultural Research

in the Dry Areas.
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Table 2. Karyological features of the studied genotypes of Triticum aestivum L

Genotype X 2n TCL MCL+SE  MAR=*SE Chromosome type
(um) (um) (r-value) TF% A A, SAT M m sm

1 7 2 3759 537+030 1.30%0.07 43.76 022 0.15 - - 7 -

2 7 28 521 8.03+0.81 1.35%0.13 4350 0.23 0.27 - - 6 1

3 7 28 5140 7.34+041 142+0.08 4167 0.29 0.15 + - 6 1

4 7 14 4582 6.55+0.79 1.63+0.11 38.02 0.37 0.32 + - 5 2

5 7T 42 424 6.06+051 1.45+0.06 4119 0.30 0.22 + - 7 -

6 7 28 3348 478+035 1.30+0.07 43.79 0.22 0.19 - 1 6 -

7 7 42 3238 463+045 128+004 4345 022 0.26 - - 7 -

8 7 42 3165 452+041 1.23+0.06 44.49 0.18 024 - - 7 -

9 7 42 404 578+042 1.32+0.06 43.18 0.23 0.19 - - 7 -

10 7 28 3502 500+0.38 1.33+0.04 4289 024 0.20 - - 7 -

n 7 28 4795 6.85+0.48 1.24+0.05 44.75 0.18 0.18 + - 7 -

V] 7 42 3853 550+048  1.48+0.08 40.85 031 0.23 + - 6 1

13 7 21 3867 552+040 151+0.13 40.29 031 0.19 + - 4 3

14 7 42 4051 579+043 122+0.04 4540 0.17 0.20 + - 7 -

15 7 42 31 539+052 1.38+0.08 4169 0.26 0.26 + - 7 -

NS = Non-significant at 0.05 of statistical level; ** = significant at 0.05 of statistical level; *** = significant at 0.001 of statistical level.
TLC = mean chromosome length; MCL = mean chromosome length; MAR = mean arm ratio; SE = standard error; M = metacentric chromo-
some; m = metacentric region chromosome; sm = submetacentric chromosome; TF% = total form percent; SAT = satellite; A, = intrachromosomal

asymmetry index; A, = interchromosomal asymmetry index.
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Fig. 1. Comparison of 15 genotypes on the basis

of total chromosome length (TCL), mean
chromosome length (MCL) and total form
percentage (TF %).

For the numerical characterization of the karyotypes, the
following parameters were calculated (Seijo and Fernandez,
2003): (1): total chromosomal length of the haploid comple-
ment (TCL); (2) mean chromosome length (MCL); (3)
intrachromosomal asymmetry index (A)) = 1 - [X(b/B)/n];
where b and B are the mean length of short and long arms of
each pair of homologues, respectively, n is the number of
homologues, (4) interchromosomal asymmetry index (A,) =s/
X, were s is the standard deviation and x the mean chromo-
some length. Karyotype asymmetry was determined using
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Fig.2. Comparison of 15 genotypes on the basis of
total chromosome arm ratio (MAR), intrachro-
mosomal asymmetry index (A,) and interchromo-
somal asymmetry index (A,).

A, andA, indices (Romero-Zarco, 1986) and the categories of
Stebbins (1971) and (5) total form percentage (TF %) which
measures the symmetry of the chromosomes over the whole
karyotype (El-Bakatoushi and Richards, 2005).

Statistical analysis. In order to determine the association of
the karyotype features, simple Pearson coefficient of
correlation (r) and also the linear regression analysis between
MAR and A, and A, were applied. For grouping the lines
showing similar karyotype characteristics, clustering method
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ward as well as ordination based on principal components
analysis (PCA) were performed (Sheidai et al., 2006). Statisti-
cal analysis was performed using Minitab V.15 statistical
software (Minitab Inc, 2008).

Results and Discussion

A summary of the karyological features of the studied
genotypes of Triticum aestivum L. is given in Table 2 and
Fig. 1 and 2. Among the 15 genotypes studied different ploidy
levels appeared including a diploid (genotype 4), two triploid
(genotypes 1 and 13), five tetraploid (genotypes 2, 3, 6, 10 and
11) and seven hexaploid (genotypes 5, 7, 8, 9, 12, 14 and 15). It
is well known that the mode of chromosome pairing in triploid
(2n = 3x = 21) and pentaploid (2n = 5x = 35) hybrids helped
Kihara (1944) to uncover the ancestral species of allopolyp-
loid wheats.

The genotypes had different total chromosomal lengths (TCL)
(Table 2; Fig. 1 and 2) ranging from 56.21 (in genotype 2) to
31.65 wm (in genotype 8). The karyotypes of the examined
genotypes are considerably symmetrical with regard to
chromosomal length. The most similar chromosomes are
scored in genotype (1) (SE of MCL =0.30 um). The degree of
karyotype asymmetry as indicated by TF (%) value ranges
between 38.02 % in genotype 4 and 45.40 % in genotype 14. In
general, A and A, values show high degree of karyotype
symmetry in the majority of the genotype studied (Table 2).
Eight of the studied genotypes (3, 4, 5, 11, 12, 13, 14 and 15)
are characterized by the presence of SAT in their chromosome
arms (Table 2).

Hexaploid wheat (2n = 6x = 42) is an allohexaploid and
contains three genomes. Karp and Maddock (1984) studied
chromosomes of 192 regenerated plants derived from imma-
ture embryo callus of hexaploid wheat cultivars. A total of 71
% of the regenerants carried the expected 2n = 42 chromo-
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somes and 29 % of the plants were aneuploid (2n = 38 to 45).
It is thought that somaclonal variation possibly occurs dur-
ing the process of plant tissue culture which is considered to
provide a source of new germplasm. Polyploidy is one of the
most frequent incidents among the somaclonal variations
(Sangthong et al., 2004).

Cytological investigations revealed that the number of
chromosomes varied highly in anther-derived calli and in their
regenerants (Nishibayashi et al., 1989); high variability was also
reported in chromosomal number during callus induction and
plant regeneration from mature barley embryos (Lupotto, 1984).
Inan experiment, Gonzalez et al. (1996) determined chromosomal
number in calli of barley plants cultures regenerated from two
kinds of explants, immature embryos and seedling leaves. They
pointed out diploid cells were predominant in all cases; although
in leaf-derived cultures, tetraploid cells (2n = 4x = 28) showed a
tendency to increase as duration of culture increased and after
more than six months in culture, diploid cells decreased down to
almost 70 %. Aneuploid cells were generally infrequent in all
cases. The source of explant had been more important than the
genotype (cultivar) and the type of callus (morphogenic vs. non-
morphogenic) in the chromosomal stability of cultures as time
increased. From short term cultures, only 1.85% of the regener-
ated plants were tetraploid; the remaining were diploids.

Brasileiro et al. (1999) reported that in anther derived tomato
plant cultures, the regenerated plants presented tetraploid cells
and rare diploid cells. These tetraploid plants could be used
as source of further trisomic lines, for the purpose of genetic
localization studies and analysis of protein compound.

The pair-wise simple Pearson correlation coefficients between
all karyotype features is given in Table 3. Significant correla-
tion may be observed between total chromosomal length (TCL)
and mean chromosomal length (r =1.0 and P<0.001). This rela-
tionship is well expected because total and mean chromo-

Table 3. Simple pair-wise Pearson correlation coefficients between karyotype features

TCL MCL MAR TF(%) A A,
MCL 1.00000***
MAR 0.27831" 0.27802Ns
TF % -0.17402"s -0.17391"s -0.98475***
A 0.22976"Ns 0.22946"Ns 0.98891*** -0.98691***
A, 0.04543Ns 0.04688Ns 0.38636"N° -0.42095"s 0.34446"Ns
m -0.23761MNs -0.23646"° -0.72690** 0.66574** -0.66292**  0.16694Ns

NS = Non-significant at 0.05 of statistical level; ** = significant at 0.05 of statistical level; *** = significant at 0.001 of statistical level.
TLC = mean chromosome length; MCL = mean chromosome length; MAR = mean arm ratio; SE = standard error; M = metacentric chromo-
some; m = metacentric region chromosome; sm = submetacentric chromosome; TF% = total form percent; SAT = satellite; A, = intrachromosomal

asymmetry index; A, = interchromosomal asymmetry index.
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somal lengths are associated positively. So the karyological
features function in the same direction, each of which could
be applied to the karyological studies. The next significant
correlation coefficients include a negative value for mean arm
ratio (MAR) with TF % (r ~ -0.98 and P<0.001), a positive
value for MAR with A (r~-0.99 and P<0.001) and a negative
coefficient for MAR with m (r ~-0.73 and P<0.01). It is pre-
sumably logical that intrachromosomal asymmetric index (A,)
is well related to mean arm ratio. The same holds for MAR
and m (chromosome type). There are also negative significant
correlation coefficients between total form percentage (TF %)
andA, (r~-0.99and P<0.001) and A, and m (r ~-0.66 and P<0.01).
The other pair-wise correlation coefficients between other
karyotype features were not significant (P>0.05). Interestingly,
the interchromosomal asymmetry (A,) in this study showed
no relation to individual chromosomal characteristics.

The results of stepwise regression revealed that among six
karyotype features (TCL, MCL, MAR, A , A, and m), the first
four features had the most effect on total form (TF %) and A,
had not any special effect. The multiple linear regression
analysis showed a significant causative relationship between
the four predicting features and TF percentage. The simple
regression analysis individually showed significant relation-
ships between MAR, A and m and TF %. Other features indi-
vidually did not have significant effect on total form percen-
tage. So the contributions of these three features are more
notable and effective in determining total form of chromosomes
and can be definitely applied in the karyological studies.

Though the MAR, A, and m indicated that they determine the
total form of a chromosomal set, but according to morphomet-
ric investigations (principal component analysis and cluster
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categorization) they cannot be applied in interpretation of all
aspects of the karyotype studies. The reason is that, though
these three parameters visually depict the karyotype, but there
remains the problem of grouping and classifying different geno-
types in the diversity studies. Applying principal component
analysis (PCA) of some of the features, this problem can be
solved. For evaluating and grouping 15 wheat genotypes of
various ploidy levels, principal component analysis of this
experiment has been performed, standardizing the data of
karyotype features and using correlation coefficient matrix for
PCA as shown in Table 4.

PCA results indicated that the first principal component had
variance (eigenvalue) of 3.915 and accounted for 55.9 % of the
total variance. This data (Table 4), graphically shown in Fig. 3,
demonstrated that an increase in the number of components
was associated with a decrease in the eigenvalue. This trend
reached its maximum at three factors. Accordingly, it is rea-
sonable to assume that the principal components analysis
had grouped the estimated wheat variables into three main
components which all together accounted for 94.0 % of the
total variation of karyotype features. The coefficients listed
under PC, show how to calculate the principal component
scores. Results showed that PC, correlated moderately well
with MAR, TF %, A, and m. Meanwhile, the PC, correlated
moderately with TCL and MCL. The third componenti. e. PC,
had a moderate correlation with ‘m’ and and the highest corre-
lation with ‘A" karyotype features. Variables which signifi-
cantly correlated with the first three eigenvectors were the
variables with the greatest variability. The factor loadings
(Fig. 2) refer to the coefficients in each principal component or
the correlation between the component and the variables. A
high correlation between PC_ and a variable indicates that the

Table 4. (a) Principal component analysis: (b) Eigenanalysis of the correlation matrix

(a) Principal component analysis

Variable PC, PC, PC, PC, PC, PC, PC,
TCL -0.226 -0.664 -0.079 -0.024 -0.025 0.023 0.707
MCL -0.226 -0.664 -0.081 -0.025 -0.033 0.019 -0.707
MAR -0.492 0.128 0.074 -0.177 0.272 -0.794 0.000
TF % 0476 -0.207 -0.030 0.270 0.802 -0.117 -0.004
A -0.478 0.158 0.102 -0.336 0.527 0.587 -0.004
A, -0.220 0174 -0.919 0.270 0.056 0.038 0.001
m 0.390 -0.062 -0.356 -0.842 0.009 -0.094 0.001
(b) Eigen analysis of the correlation matrix

Eigenvalue 3.9150 1.8032 0.8602 0.4090 0.0083 0.0043
Proportion 0.559 0.258 0.123 0.058 0.001 0.001
Cumulative 0.559 0817 0.940 0.998 0.999 1.000
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Score Plot of TCL-m
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Fig. 3. (a) Scree plot showing eigenvalues in response to number of components for the estimated variables of wheat.
(b) Score plot of the PCA. (¢) Loading plot of the PCA. (d) Biplot of the PCA.

variable is associated with the direction of the maximum amount
of variation in the data set (Leilah and Al-Khateeb, 2005).

PC,=-0.226 (TCL)-0.226 (MCL)-0.492 (MAR) +0.476 (TF %)
-0.478 (A)-0.220 (A,) +0.390 (m)

It should be noted that the interpretation of the principal
components is subjective; however, obvious patterns emerge
quite often. For instance, one could think of the first principal
component as representing total chromosomal length, mean
chromosomal length, mean arm ratio and total form percentage
in the karyotype studies for grouping different genotypes,
because the coefficients of the first three terms have the same
sign and are not close to zero. This case could be followed for
the second principal component which has variance 1.8032
and accounts for 25.8 % of the data variability, which has
been calculated from the original data using the coefficients
listed under PC,. This component could be thought of as an
important alternative to the first component for grouping.
Together, the first two and the first three principal compo-

nents represent 81.7 % and 94 %, respectively, of the total
variability. Thus, most of the data structure can be captured in
two or three underlying dimensions. The remaining principal
components account for a very small proportion of the
variability and are probably unimportant. The eigenvalue
(scree) plot provides this information visually (Fig. 3 (b-d))
(Minitab Inc., 2008).

The next important part of the study is classifying 15
genotypes using multivariate schedule cluster analysis
wherein the Ward method was utilized and cluster tree was
drawn (Fig. 4) using Minitab software (Minitab Inc., 2008).
The cluster analysis of karyological data and ordination of
taxa on the first three PCA axes are given in Fig. 3 (A-D).
Grouping by ordination of taxa based on the first three PCA
axes supports the clustering results. Briefly, cluster methods
start with the calculation of the distance of each variable in
relation to other variables. Groups are then formed by the
process of agglomeration division. In this process, all variables
start individually. Close groups then gradually merge until
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Fig.4. Cluster categorization of 15 wheat (T. aestivum
L.) genotypes of different ploidy levels obtained
via Ward method. Similarity levels of the esti-
mated 7 wheat characters (variables) using Ward
cluster analysis, showing cluster 1 (ID-10,
diploid genotype), cluster 2 (including Sahel-1,
tetraploid genotype) and cluster 3 (including other
genotypes without diploid, including triploids.

finally all variables form a single group (Leilah and Al-Khateeb,
2005).

As is apparent (Fig.4), 15 genotypes were classified in three
major categories, so that ID-10, a diploid, and Sahel-1, a
tetraploid genotype, were located in 2 discrete categories and
LR/3, Giza-160, Giza-160/1 and Gem-7 in the next category. The
tetraploid Mar-3 genotype was located in another separate
cluster. The other category identified Lerma Rojo-64 and LR/
2. And finally the last cluster belonged to Cham-4, Mar-5, LR/
1, Giza-168, S8/17 and Mexipak 65. The most important finding,
derived from the callus culture, is that these genotypes
showed various ploidy levels ranging from diploid to hexap-
loid. It was found that the diploid and other ploidy levels
especially triploid had never been placed adjacent to one
another in acommon category, i.e. the triploid and hexaploid
genotypes were always in the same categories which may be
due to their remotely different chromosomal set.

Moreover, tetraploid-tetraploid, hexaploid-hexaploid and even
tetraploid-hexaploid genotypes were put in the same categories.
Interestingly, the results showed that the closeness of triploid
and hexaploid genotypes may prove a close evolutionary
relationship between these two ploidy levels. Thus the hexaploid
wheat plant could be obtained simpley through doubling the

E.A. Kamel et al.

chromosomal set (diploidization) of a triploid plant, regenerated
from endosperm-derivation.
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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.
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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
etal., 1991). Although higher doses of cisplatin are more effi-
cacious for cancer chemotherapy, but such therapy manifests
non-haematological toxicities like nephrotoxicity (Bodenner
etal., 1986). Formation of free radicals by CDDP (Matsushima
etal., 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, o-tocopherol are known to possess antioxidant
potential (Maliakel et al., 2008; Lee et al., 2003; Kikuzaki and
Nakatani, 1993; Jitoe et al., 1992; Kikuzaki etal., 1991).
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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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Materials and Methods

Animals and diet. 24 Wistar male albino rats (200-260 g b.w.)
were purchased from the animal house of International Center
for Chemical and Biological Sciences (ICCBS), Karachi,
Pakistan for the study. Animals were acclimatized to the
laboratory conditions one week before the start of experiment
and caged in a temperature controlled room (23+4 °C). Rats
had free access to water and standard rat diet. The experi-
ments were conducted in accordance with ethical guidelines
of internationally accepted principles for laboratory use and
care in animal research (Health Research Extension Act,
1985).

Crude extraction of C. intybus Linn. C. intybus Linn plant
was collected from the Northern area of Pakistan and identi-
fied by experts. 10 kg of dried aerial parts of C. intybus plant
was powdered, screened and soaked in ethanol (10 litre) for
one week. The filtrate was separated and concentrated under
vacuum using a rotary evaporator, as a dark green semisolid
(yield 44.4%). The extract was standardized by quantification
of areference standard with HPLC system. The reference stan-
dard was gallic acid.

Study design. The animals were divided into four experimental
groups (n=6). Each group received the following treatment:

Group I, control, remained untreated

Group II received cisplatin i.p. (3 mg/kg b.w.) for 5 alternate
days

Group I received C. intybus extract orally (500 mg/kg b.w.) for
10 days

Group IV received C. intybus extract orally (500 mg/kg b.w.) for
10 days + cisplatin i.p. (3 mg/kg b.w.) for 5 alternate days (the
extract was administered orally, 30 min prior to administration
of cisplatin).

Sample collection. After 48 h of administration of the last dose
to the treated groups, animals were anesthetized, decapitated
and blood was sampled from head wounds in lithium heparin
coated tubes. A portion of blood was used to get plasma.
Kidneys were excised, trimmed of connective tissues, rinsed
with saline to eliminate blood contamination, dried by blotting
with filter paper and weighed. The tissues were then kept in
freezer at 70 °C until used for analysis.

Histological examination. Left kidney was quickly removed,
immersed in 10% formaline, dehydrated and embedded in par-
affin, sectioned at 3 pum, stained with hematoxylin and eosin
(H&E) and examined by light microscopy.

Biochemical Assay. Assessment of renal functions. Plasma
samples were assayed for urea and creatinine, spectrophoto-
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metrically by Oxime method (Butler et al., 1981) and Jeft’s
method (Spierto et al., 1979), respectively.

Assessment of oxidative stress. Plasma sample was assayed
for nitrate and MDA.

Plasma nitrate estimation by ion selective electrode (ISE)
method. Plasma nitrate was estimated by ion selective elec-
trode using ion meter 3345 (Jenway) which detected free ionic
nitrate (NO,?) in plasma/serum sample. In a clean glass test
tube, 1.7 ml of deionized water was taken; 0.2 ml of ISAB(4M
KCl) (ionic strength adjusting buffer) and 0.1 ml of plasma
were added and mixed well. The electrode was rinsed, blotted
dry and the result was recorded in mg/1.

Kidney homogenate preparation. Kidney homogenate was ob-
tained by using a tissue homogenator, Ultra Taurax T-25
Polytron, at 4°C. The homogenates (1:10 w/v) were prepared
by using a 100 mmol KCI buffer pH 7 containing EDTA 0.3
mmol. All homogenates were centrifuged at 600 g for 60 min at
4°C and the supernatant was used for biochemical assays.

Assessment of tissue lipid peroxides. 10 ul of BHT (butylated
hydroxytoluene) (0.5 M in acetonitrile) was added to prevent
homogenate from oxidation and the homogenate was stored
at -70 °C until analysis was made for malonyldialdehyde (MDA)
and 4-hydroxy-2-nonenal (4-HNE).

Estimation of MDA. The MDA content, a measure of lipid
peroxidation, was assayed in the form of thiobarbituric acid
reacting substances (TBARS) by the method of Ohkawa et al.
(1979). Briefly, the reaction mixture, consisting of 0.2 ml of
8.1% sodium dodecyle sulphate, 1.5 ml of 20% acetic acid
solution adjusted to pH 3.5 with sodium hydroxide and 1.5 ml
of 0.8% aqueous solution of thiobarbituric acid, was added to
0.2 ml of 10% (w/v) of the homogenate. The mixture was
brought up to 4.0 ml with distilled water and heated at 95 °C
for 60 min. After cooling with tap water, 1.0 ml distilled water
and 5.0 ml of the mixture of n-butanol and pyridine (15:1 v/v)
was added and the mixture was centrifuged. The organic layer
was taken out and its absorbance was measured at 532 nm
and compared with those obtained from MDA standards
(1,1,3,3- tetramethoxy-propane). The concentration values were
calculated by measurement of absorption against standard
absorption.

Estimation of 4-HNE. The 4-HNE content was measured by
the method of Kinter (1996). Briefly, the assay mixture
consisted of 2 ml of filtrate with 1 ml of 2,4-dinitrophenyl
hydrazine which was kept for 1 h at room temperature. Sample
was extracted with hexane, and the extract was evaporated at
40 °C. Cooled sample was measured at 350 nm against metha-
nol blank. The standard was 4-HNE-DMA (dimethyle acetal).
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Assessment of antioxidant status. Estimation of catalase.
Catalase activity was assayed by the method of Sinha (1972).
Briefly, the assay mixture consisted of 1.96 ml phosphate buffer
(0.01 M, pH 7.0), 1.0 ml hydrogen peroxide (0.2 M) and 0.04 ml
(10%) homogenate in a final volume of 3.0 ml. 2 ml dichromate
acetic acid reagent was added to 1 ml of reaction mixture, boiled
for 10 min, cooled and changes in the absorbance were
recorded at 570 nm.

Estimation of SOD. Levels of SOD in the cell free supernatant
were measured by the method of Kono (1978). Briefly, 1.3 ml of
solution A (0.1 mm EDTA containing 50 mM Na, CO,, pH 10.0),
0.5 ml of solution B (90 um NBT i.e. nitro blue tetrazolium dye),
0.1 ml of solution C (0.6% TritonX-100 in solution A) and 0.1 ml
of solution D (20 mmol hydroxylamine hydrochloride, pH 6.0)
were mixed and the rate of NBT reduction was recorded for
one min at 560 nm. 0.1 ml of the supernatant was added to the
test and reference cuvette, which did not contain solution D.
Finally, the percentage inhibition in the rate of reduction of
NBT was recorded as described above. One enzyme unit was
expressed as inverse of the amount of protein (mg) required
for inhibiting the reduction rate by 50% in one minute.

Statistical analysis. Results are presented as meant SE.
Statistical significance of the differences between the control
and the test values were evaluated by Student’s t-test. Statis-
tical probability of P <0.01, <0 .05 was considered to be signi-
ficant.

Results and Discussion

In the evaluation of effect of C. intybus on cisplatin-induced
nephrotoxicity in rats, observations were made of four groups
of rats i.e. control, cisplatin treated, C. intybus treated and C.
intybus treated with cisplatin pretreated rats. Results are given
as under:

Effects on body weight, kidney weight and relative kidney
weight. Table 1 and Fig. 1 show effects of cisplatin, C. intybus
extract and pretreatment of C. intybus extract with cisplatin on
kidney and body weight, respectively. A marked decrease in
rats body weight was observed in cisplatin-treated rats and
CDDP + C. intybus group on the 10" day. Alone C. intybus
extract also showed decrease in body weight but the decrease
was less than that in cases of cisplatin treatment and CDDP +
C. intybus pretreatment groups. Kidneys of rats treated with
cisplatin were enlarged with significantly increased kidney
weight (P < 0.05) and relative kidney weight; however, the
results, were not significant as compared to the control. Sole
treatment and pretreatment with C. intybus extract showed
significantly increased relative kidney weight (P < 0.05).
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Table 1. Effect of treatments on kidney weight and relative
kidney weight of the study groups

Parameters Control  Cisplatin  C.intybus  C. intybus
(Bmg/kg)  (500mg/kg) +cisplatin
Mean kidney 0.672 0.861**  0.791 0.8363
weight (g) +0.132  +0.118 +0.070 +0.177
Mean relative 2.516 3.551 3.452%%* 3.696**
kidney weight10? £0.784  +0.881 +0.191 +0.269

Values are mean+SE; significant difference between various groups
by t-test; **P<0.05
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Fig. 1. Effect of treatments on body weight in the study
groups.

Histology of kidney. After treatment for alternate days,
cisplatin-treated rats showed glomeruli congestion, marked
ATN in proximal and distal tubules, decrease in the height of
epithelial cells, shedding of atypical cytoplasm and loss of
brush boarder Fig. (2b). Wide opening of lumen and marked
congestion in vessels (++++) were also seen. Pretreatment
with C. intybus extract markedly prevented congestion in glom-
eruli and vessels (+) and other alterations Fig. 2(d). Treatment
with C. intybus extract alone showed slight congestion in ves-
sels and glomeruli (Fig. 2(c)). Histology of kidney of control
group is given in Fig. 2(a) and histological activity index (HAI),
in Table 2.

Plasma urea level. Cisplatin treated rats showed marked
increase in level of plasma urea (35.7+3.46, P<0.01) as com-
pared to the control (Fig. 3). C. intybus extract alone showed
slightly increased urea level but the result was not significant.
C. intybus extract partially prevented increase in urea level
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in CDDP + C. intybus group (27.0£3.60, P<0.01) as compared
to the control.

Plasma creatinine level. Figure 4 shows a significant effect
on plasma creatinine level in cases of cisplatin and pretreat-
ment with C. intybus extract. Creatinine level was significantly
increased (1.03 £ 0.13, P < 0.01) in cisplatin-treated rats as
compared to the control. Pretreatment with C. intybus extract
partially prevented increase in plasma creatinine level in CDDP

Table 2. Histological activity index (HAI)
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+ C. intybus group(0.36+0.28, P<0.05). C. intybus extract alone
produced no significant change.

Plasma MDA level. Increased level of plasma MDA was ob-
served in cisplatin treated rats but the result was not signifi-
cant. A significant decrease in plasma MDA was noted after
only C. intybus extract treatment (3.26 = 0.91, P< 0.01). The
increased MDA level was prevented by pretreatment with
C. intybus (10.03 £4.71,P <0.05) in CDDP + C. intybus group
(Fig. 5) as compared to control.

Groups Congestion in vessels ~ Congestionin glomeruli ~ Congestion in tubules  Interstitial inflammation Interstitial edema
Control - - - - -
Cisplatin +4 +3 +4 +1 -
C.intybus  +1 +1 - - -
Cisplatin
+C. intybus +1 +1 - - -

(d)

Fig. 2. (a-d) Histology of kidney in (a) control; (b) cisplatin treated rats; (c) C. intybus treated rats; (d) cisplatin + C. intybus

pretreated rats.

(a) Normal kidney histology of control rats; (b) histological abnormalities after cisplatin administration for 5 alternate days; (c) C.
intybus extract did not produce any histological alterations; (d) histological abnormalities and their prevention by C. intybus extract
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Tissue MDA level. Figure 6 shows oxidative status in rat
kidney after cisplatin treatment, C. intybus extract treatment
and cisplatin with C. intybus extract treatment. Tissue MDA
level increased in cisplatin treated rats. The correction of stress
was indicated in CDDP + C. intybus group. C. intybus extract
treatment alone showed significant decrease in MDA level
(1.20£0.35,P <0.01).

Tissue 4-HNE level. A significant increase in tissue 4-HNE
was observed in cisplatin treated rats (412.13 £ 69.09, P <0.01)
as compared to the control, indicating oxidative stress (Fig. 7).
In CDDP + C. intybus group, 4-HNE level was not different
as compared to the control group. C. intybus extract alone
treatment produced no significant result.

45

Urea (mmol/litre
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Fig. 3. Plasma urea level in the study groups.
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Fig. 4. Plasma creatinine level in the study groups.
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Plasma nitrate level. Nitrate level in plasma was increased
(23.49£1.97,P <0.01) (Fig. 8) in cisplatin treated rats, indica-
ting nitrosative stress. CDDP + C. intybus group showed
slightly decreased nitrate level but results were not signifi-
cant. C. intybus extract treatment solely showed no signifi-
cant effect.

Tissue catalase level. Tissue catalase level decreased signifi-
cantly (25.8 £2.5, P <0.01) in cisplatin treated group as com-
pared to the control (Fig. 9). C. intybus extract prevented
decrease in catalase level in CDDP + C. intybus group but
results were not significant, while only C. intybus extract
produced no significant effect.
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Fig. 5. Plasma MDA level in the study groups.

Tissue MDA (nmol/g of tissue)
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* P<0.01

Fig, 6. Tissue MDA level in the study groups.
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Tissue SOD level. Figure 10 shows a significant effect on
cisplatin treated (17.61 £4.19, P <0.05) rats. Cisplatin treat-
ment decreased the SOD level significantly. In CDDP +
C. intybus group the results were not different as compared
to the control group. C. intybus extract alone produced no
significant effect.

Reactive oxygen species (ROS) are constantly generated in
our body. Production of ROS is essential for a number of
biochemical reactions involved in the synthesis of prosta-
glandins, hydroxylation of proline and lysine, oxidation of
xanthine and other oxidative processes. Excessive oxidation
leads to impairment of cell functions and development of
morbid conditions (Ames et al., 1993).
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Fig. 7. Tissue 4-HNE level in the study groups.
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There is evidence that indigenous antioxidants may be useful
in preventing the deleterious consequences of oxidative stress
and there is increasing interest in the protective biochemical
functions of natural antioxidants contained in spices, herbs
and medicinal plants (Noda et al., 1997).

In the present study, the rats treated with cisplatin showed a
decrease in body weight (Fig. 1). Mora et al. (2003) suggested
that CDDP-induced weight loss might be due to gastro-
intestinal toxicity and reduced ingestion of food.

Plasma urea and creatinine levels significantly increased
after administration of cisplatin (3 mg/kg) on 5 alternate days
(Fig. 2(b), 3, 4), showing insufficiency of renal function.
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Fig. 9. Tissue catalase level in the study groups.
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Studies in animals have established that tubular injury plays a
central role in the reduction of glomerular filtration rate in acute
tubular necrosis. Two major tubular abnormalities could be
involved in the decrease in the glomerular function in cisplatin
treated rats through obstruction and backleak of glomerular
filtrate (Ozen et al., 2004).

Alterations in glomerular function in cisplatin-treated rats may
also be secondary to reactive oxygen species (ROS) (Leena
and Alaraman, 2005), which induce mesangial cells contrac-
tion, altering the filtration surface area and modifying the
ultrafiltration coefficient factors that decrease the glomerular
filtration rate (Ozen et al., 2004). In accordance with the
previous findings, our result confirmed increased level of urea
and creatinine in cisplatin treated group. A significant change
in urea and creatinine levels, after pretreatment with C. intybus
in cisplatin treated rats, provided an evidence of prevention of
toxicity developed by cisplatin treatment (Fig. 2d, 3, 4).

Cisplatin induced oxidative stress is associated with
increased level of MDA, 4-HNE and NO,* (Fig. 5-8). Free
radicals are known to play an important role in cisplatin-
induced nephrotoxicity. The free radicals and reactive
oxygen species induce oxidative stress in kidneys (Uslu
and Bonavida, 1996).

MDA and 4-HNE (4-hydroxy-2-nonenal) are the end products
produced by the decomposition of w, and w, polyunsaturated
fatty acids (Yildirim et al., 2003). Due to cisplatin administra-
tion, platinum sulphydryl group complexes formed are taken
up by renal cells and stabilized by intracellular GSH for several
hours. In case of intracellular GSH depletion the complexes
undergo rapid transformation to receive metabolites. This
depletion seems to be the prime factor that permits lipid
peroxidation and impairs antioxidant enzymes (Ban et al., 1994).

NO is able to react with O, to produce ONOO', which is a
powerful oxidant, more reactive than its precursors, and has
been implicated in an increasing, acute renal ischemia (Ganther
and Lawrence, 1997). The increase in renal ONOQO™ induced
by cisplatin may be secondary to the increase in NO and O,
production. The O, increase in nephrotoxicity due to cisplatin
may be simply the consequence of the mitochondrial dys-
function (Chirino et al., 2004; Ozen et al., 2004) and the
decrease in superoxide dismutase activity (Kadikoylu et al.,
2004). The present investigation indicate that C. intybus
extract produced no sign of toxicity in rats. Survival rate of
rats in CDDP + C. intybus group showed protective effect of
C. intybus. Alone C. intybus lead to marked decrease in tissue
MDA level and slight decreased plasma MDA level. High
intake of C. intybus may be responsible for less production
of ROS.
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Decreased antioxidant enzymes levels (SOD, catalase)
observed in this study after cisplatin administration
(Fig. 9-10), might be due to the loss of copper and zinc, which
are essential for enzyme activity (Sharma, 1985). The decrease
in SOD activity is insufficient to scavenge the superoxide
anion produced during the normal metabolic process. The
superoxide anion can cause initiation and progression of
lipid peroxidation (Sheena et al., 2003 ).

Similarly, decreased catalase activity in cisplatin treated rats
decreases the activity of kidney to scavenge the toxic H,O,
and lipid peroxides. Restoration of renal oxidative enzymes by
pretreatment with C. intybus extract suggests the extract is
capable of protecting the antioxidant enzymes.

The data discussed in this study shows that cisplatin treat-
ment increased the MDA, 4-HNE and NO', and decreased
SOD and catalase level, which implicated the nephrotoxic
effect and produced the imbalance between oxidative status
and antioxidant enzymes in kidney. Pretreatment with
C. intybus counteracted these deleterious effects. The active
phytochemicals other than gallic acid may have been respon-
sible for antioxidant activity. However, alone C. intybus
showed less production of ROS and decreased body weight,
which intimates that high doses of C. intybus could interfere
with the important biological functions. It is, therefore,
suggested that the therapeutic doses of C. intybus could be
adjusted for preventing cisplatin-induced nephrotoxicity.
Moreover, combined therapy of C. intybus extract offers
protective effect.
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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 (1D) 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 (NO,) increased by 2% to 10% with biodiesel, compared to the commercial diesel. Both
smoke and NO, pollutants were greatly influenced by the MCP. CO, HC, and PM emissions were higher at lower load
conditions compared to higher load conditions, but NO_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

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 nhon 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
*Author for correspondence; E-mail: naeem_138@hotmail.com

217

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
etal., 2003). However, if some authors claim decrease in NO_
pollutants with biodiesel (Agarwal and Rajamanoharan, 2009;
Dorado et al., 2003; Peterson and Reece, 1996), majority has
unanimously reported that NO_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 NO, 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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pollutants from an unmodified diesel engine fuelled with
biodiesel (B100), diesel (D), and 20% biodiesel-80% diesel (v/
V) blend (B20), together with cylinder pressure and heat
release studies at different engine conditions. In addition to
this, it has also been attempted to study the brake power (BP)
and brake specific fuel consumption (BSFC) of the engine
at these engine conditions. Prior to this, the authors have
reported that B100 and B20 have shorter ignition delay, less
maximum rate of pressure rise (MRPR), less brake specific
energy consumption (BSEC), a low premixed combustion
amount, early start of fuel injection, higher maximum combus-
tion pressure (MCP), and more BSFC compared to fossil
diesel (Shah et al., 2009a).

Materials and Methods

Test engine, fuels and working conditions. The tests were
performed on a turbocharged, direct injection, heavy duty
and intercooled diesel engine (FAW-WDEW 4CK, China made)
having a mechanical injection system and working without
exhaust gas recirculation (EGR) or any other devices. No modi-
fication or adjustment was made in the engine. Detailed speci-
fications of the engine (Shah et al., 2009a, 2009b, 2008), are
listed in Table 1. The engine was run on an electrical dyna-
mometer (Schenck HT350, Germany) as shown in Fig. 1.

Three test fuels D, B100, and B20 were used in this study,
using D as a reference or baseline fuel. Biodiesel was
produced from the soybean oil by the process of transes-
terification, and the diesel was purchased from the pump, and

Combustion analyser
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Table 1. Engine specifications.

Number of cylinders 4

Bore (mm) 110
Stroke (mm) 125
Displacement (litre) 4752
Compression ratio 16.8
Rated power (KW/rpm) 117/2300
Maximum torque (N.m/rpm) 580/1400
Nozzle hole diameter (mm) 0.23
Number of nozzle holes 6

is representative of fuel being sold in Beijing, China. The main
properties of the test fuels are given in Table 2.

The experiments were performed in accordance with the
engine conditions given in Table 3. Maximum torque
speeds (1400 r/min and 1800 r/min) were selected for the study.
The engine load (torque) was measured with the help of torque
flange and was read along with speed and throttle position
directly on monitor supported by a software “Automation
System STARS Rev. 1.5” in the control room. In order to mea-
sure the fuel flow rate, PLU (Pier Berg) was used, and fuel flow
rate was also read in the control room. Crank angle was found
with the help of a sensor (2613A, Kistler Corporation) giving
a signal for the top dead center (TDC) and the instantaneous
pressure in the cylinder was found receiving the signals
through Piezo-electric sensor (6125B, Kistler Corporation).
These signals were stored on a high speed computer based

AMA 4000

ELPI Computer

Fig. 1. Experimental setup.
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Table 2. Properties of fuels.
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Fuels and blends

Properties B100 B20 D Test Method”
Density (kg/m?®) 875 845.5 841 SH/T 0604
Viscosity (mm?/s) at 20 °C 71 43 40 GB/T 265

Lower heating value (MJ/kg) 373 417 428 GB/T 384
Sulphur content (mg/litre) 245 n/a 264 SH/T 0253-92
Cetane number 60 n/a 52 GB/T 386-91
Carbon content (%) 77 n/a 87 SH/T 0656-98
Hydrogen content (%) 12 n/a 13 SH/T 0656-98
Oxygen content (%) n n/a 0 Element analysis

“Chinese standard

Table 3. Engine conditions.

Speed (r/min) Load (%)
Engine condition 1 1400 10
Engine condition 2 1400 50
Engine condition 3 1800 50
Engine condition 4 1800 16

digital data acquisition system and were processed with spe-
cially developed software using combustion analyzer
dewetron (DEWE-5000). Heat release analysis (HRA) was
carried out with a special software using Dewetron (DEWE-
5000). HRA was performed in accordance with the first law of
thermodynamics using single-zone model and making simpli-
fied assumptions (Heywood, 1988). In order to measure the
temperatures of engine oil and coolant, PT-100 (sensors) were
used, while exhaust temperature was measured using thermo-
couple (k-series).

Exhaust emissions such as HC, CO, and NO,_ were measured
by heated flame ionization detector (FID), non-dispersive
infrared analyzer (NDIR), and chemiluminescent detector
(CLD), respectively, using analytical package AMA4000
(Austria). Smoke was measured with an opacimeter using
AVL439, which measured the opacity of the exhaust emis-
sions in term of light extinction coefficient (m).

For the calculation of PM mass, electrical low pressure impac-
tor (ELPI, Dekati Ltd. Finland) was used. An ELPI is a real time
particle number concentration measuring device (Shah et al.,
2009b). It consists mainly of corona charger, a low pressure
cascade impactor and a multichannel electrometer. Prior to
introduction to the impactor, the particles are charged by the
corona charger where the aerosol is cut-off by different size
scopes, and thus electrometer detects their current which is
converted into a particle concentration (He, et al., 2008). In
order to avoid overloading of the electrometer, the exhaust
gas was diluted with dry, particle free and pressurized air us-

ing an ejector diluter (Dekati Ltd. Finland) having an overall
dilution ratio of 64. The ejector diluter consists of a set of
filters, adryer, a temperature controller, a pressurized air heater
and two diluters having a dilution ratio of 8 for each. The
detailed specifications of the above discussed equipments
are listed in Table 4.

Results and Discussion

Effect of biodiesel on BPand BSFC. As shown in the Fig. 2 (a),
brake power (BP) of the engine was almost unaffected by
B20; however, it decreased by 5.8%, 1.5%, 2.7%, and 3.3% at
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Fig. 2. Effect of biodiesel on (a) brake power and (b)
BSFC, at different conditions.
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engine conditions 1, 2, 3, and 4, respectively, in case of B100
compared to commercial diesel. This finding is consistent with
those of previous studies that BP decreases with the use of
biodiesel as compared to diesel (Lin etal., 2006). Kaplan et al.
(2006) compared biodiesel from sunflower oil and fossil diesel
and reported that the loss of torque and power ranged
between 5% and 10%.

Brake specific fuel consumption (BSFC) is the mass of fuel
consumed per brake power (kW) developed by the engine in
one hour. Fig. 2 (b) shows a noticeable increase in BSFC of the
engine with B100; however, there was a nominal increase in it
with B20, relative to diesel. In case of B100, BSFC increased
by 16.4%, 14.4%, 14%, and 17% at engine conditions 1, 2, 3,
and 4, respectively, as compared with the diesel fuel. These
findings are in good agreement with those of earlier studies
(Turrio-Baldassarri et al., 2004; Alam et al., 2004). The South-
west Research Institute of USA has reported that fuel
consumption with biodiesel from pure soybean oil increased
from 13% to 18%, compared with diesel, while with B20, varia-
tion in BSFC ranged from -3% to 9% (Wedel,1999).

This decrease in BP and increase in BSFC with B100 is attri-
buted to the lower heating value and more density of the
biodiesel compared to fossil diesel. Tsolakis (2006) has
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reported that higher bulk modulus of biodiesel helps the
pressure to be developed faster in the fuel injection system
compared to the lower bulk modulus of diesel. Consequently,
the fuel injection commences earlier in case of biodiesel with
higher pressure and rate, resulting in the increase in mass of
biodiesel compared to that of diesel at the same crank angle
in degree (CAD). According to Choi et al. (1997), higher
viscosity of biodiesel is helpful in reducing the fuel losses
during the injection process compared to diesel. This reduc-
tion in fuel losses helps in faster development of pressure,
and hence advances the injection timing.

Effect of biodiesel on the combustion. Figure 3 presents the
cylinder pressure and HRR of the engine for the three test
fuels used in this study. It is obvious that MCP of the engine
is higher with B20 and B100, relative to diesel for all the engine
conditions. Although the increase in MCP with B20 is very
small, it becomes noticeable with B100 at all the engine condi-
tions. Particularly at engine conditions 2 and 4, the MCP with
B100 becomes 5.5% and 4.7% higher, respectively, relative to
diesel fuel.

This increase in MCP with B100 and B20 is attributed to
their physical and chemical properties. Higher cetane number,
better fuel atomization, faster flame propagation speed, higher
density, lower compressibility (higher bulk modulus), oxygen
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Fig. 3. Effect of biodiesel on the combustion of engine at different conditions.
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enrichment and simple chemical structure of the biodiesel are
responsible for advancing the combustion process. Higher
cetane number of biodiesel reduces the ignition delay, thus
results in earlier combustion due to which MCP becomes
higher with B100 and B20, relative to diesel (Shah et al., 2009a).
Furthermore, biodiesel is an alkyl ester containing internal
oxygen atoms which promote the burning of impurities under
the same condition of use (Kegl, 2008).

In order to study the HRR, it is important to understand the
premixed and diffusion combustion periods. The lowest point
on HRR curve between premixed combustion peak and diffu-
sion combustion peak is the point which divides the combus-
tion into premixed and diffusion periods (Xiaoming et al., 2005).
According to Zhang and Van Gerpen (1996), heat release
curves show a negative trend during the ignition delay period
due to endothermic reaction in the combustion chamber (CC),
which becomes positive when auto-ignition occurs. Heat
release curves are deeper with diesel during this ID period,;
particularly, at engine condition 3 and 4 the trends are more
prominent and distinguishable as shown in the Fig. 3. This
indicates smaller endothermic heat with biodiesel, and hence
justifies the claim that biodiesel having higher cetane number
exhibits shorter ID.

Heat release curves reflect smaller premixed burning peaks
with biodiesel, relative to diesel as shown in Fig.3. This may
be due to the lower volatility and shorter 1D with biodiesel
compared to diesel. In case of diesel fuel, more fuel-air mixture
is formed due to longer ID, which produces a larger premixed
burn peak (Zhang and Van Gerpen, 1996).

Effect of biodiesel on the emissions. CO Emission. As
presented in Fig. 4 (a), CO emissions decrease with B100 and
B20 compared to diesel. Relative to diesel, B20 exhibits 19%,
12.5%, 12.3%, and 6.8% reduction in CO pollutants at engine
conditions 1, 2, 3, and 4, respectively. There is 2.9%, 5%,
14.2%, and 6.8% decrease in CO emissions with B100 at en-
gine conditions 1, 2, 3, and, 4 respectively, compared with
commercial diesel. Similar results have also been reported
by other researchers (Choi et al., 1997; Krahl et al., 1996).
Last et al. (1995) fuelled a 4-stroke DI heavy duty engine
with 10%, 20%, 30%, 50% and 100% biodiesel from soybean
oil and reported that with respect to diesel fuel there were
10%, 8%, 18%, 6% and 14% reductions in CO emissions,
respectively.

The oxygen enrichment and simple chemical structure of
biodiesel are major contributors to the reduction of CO emis-
sions with B100 and B20, compared with diesel. The oxygen
enrichment in biodiesel promotes the combustion, hence
reduces the CO emissions. Unlike fossil diesel, biodiesel has
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minor short-chain compounds capable of being converted
to carbon dioxide (CO,) more easily (Guarieiro et al., 2008),
and thus results in better oxidation and complete combus-
tion. Higher cetane number is also an important factor for
the reduction of the possibility of fuel-rich mixture forma-
tion, and hence for the reduction of CO emissions (Hansen
and Jensen, 1997). Moreover, earlier start of fuel injection,
shorter ID and MCP also play a vital role in the reduction of
CO emissions.

The experimental results show that CO emissions are higher
at condition 1 relative to condition 2 and at condition 3
relative to condition 4, for all the test fuels. This may be due
to the large excessive air-fuel ratio and relatively larger ID at
low loads (conditions 1 and 3) compared to higher loads
(conditions 2 and 4) for the respective speeds. Consequently
over-lean mixture area increases, and thus oxidation rate is
decreased.

Itis also evident from Fig. 4 (a) that CO emissions are higher
at engine condition 3 relative to condition 2 which means
these emissions are higher at higher speed relative to lower
speed for all the test fuels. This increase in CO pollutants
can be attributed to decrease in the temperature in the CC
at higher speed compared to lower speed, because higher
speeds increase the turbulence in the CC, and hence increase
the heat loss to the CC walls, ultimately reducing the com-
bustion temperature (Shah et al., 2008). Moreover, Collier
et al. (1995) have also reported that engine speed affects
the swirl characteristics, injection timing and combustion
temperature of the engine. So, this relatively lower tempera-
ture in CC plays an effective role in the reduction of oxida-
tion rate of CO, and results in the increase of CO emissions.

HC emissions. HC emissions decrease by 19%, 20%, 20.8%,
and 13% with B20 at engine conditions 1, 2, 3, and 4, respec-
tively, relative to diesel fuel (Fig. 4(b)). The abatements in HC
pollutants with B100, compared with the diesel are 43.8%,
44.6%, 46.3%, and 32.6% at engine conditions 1, 2, 3, and 4,
respectively. These findings are consistent with those of
Peterson and Reece (1996) who performed experiments on a
diesel engine fuelled with blends of biodiesel with and
without catalytic converter, and reported 50% reduction in
HC emissions. Similar findings were also claimed by Last et al.
(1995) who fuelled the engine with 10%, 20%, 30%, 50% and
100% biodiesel from soybean oil and reported that with
respect to diesel fuel there were 28%, 32% and 75% reduction
in HC emissions with 10%, 20% and 100% biodiesel, respec-
tively.

Possible reasons for the reduction of HC emissions with
biodiesel are additional oxygen content leading to more com-
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plete and cleaner combustion, higher cetane number resulting
in reduction in ID and the advanced fuel injection causing the
increase in MCP, thus increasing the combustion tempera-
ture. Moreover, higher final distillation points for diesel fuel
causes incomplete vaporization and burning of its final frac-
tion, thus increasing the HC emissions with diesel (Turrio-
Baldassarrietal., 2004).

Fig. 4 (b) reveals more HC emissions at engine condition 1
relative to condition 2, and at engine condition 3 relative to
condition 4 for the three test fuels. It also shows that HC
pollutants are almost same at engine conditions 3 and 4 for
the test fuels. Reasons for more HC emissions at lower loads
relative to higher loads are the same as those for CO emis-
sions.

NO, emissions. B20 exhibits a nominal increase in NO_pollut-
ants at engine conditions 1 and 2; however, it reflects 2.2%
and 5.5% increase in them at conditions 3 and 4, respectively,
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relative to diesel (Fig. 4(c)). In case of B100, there are 2%, 10%,
3.4%, and 7% increase in NO, emissions at engine conditions
1, 2, 3, and 4, respectively, compared with diesel fuel. These
results are in good agreement with those of other studies
(Karabektas, et al., 2008; Szybist et al., 2007; Agarwal et al.,
2006; Usta, 2005).
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Fig. 4. Effect of biodiesel on (a) CO; (b) HC; (c) NOx; (d) smoke and (e) PM emissions.
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Table 4. Specifications of the equipments used in the study

Dynamometer

Fuel flow rate
measuring device

AMA 4000

Combustion
analyzer
(DEWE-5000)

Company: Dynas, Schenck Pegasus
GmbH; Standard delivery scope: AC
induction motor, torque measuring
flange, speed measuring system, variable
frequency driver, digital test standard
controller x-actDE; asynchronous
machine: radial forced draft, frequency ex-
change by eddy current brake, speed up
to 10,000 r/min, low mass moment of iner-
tia; frequency converter: high
dynamical field-oriented current and
torque regulation; full four quadrant
operation, double IGBT technique; inte-
grated main filter; torque-meter and speed
acquisition: dynamically correct, high me-
chanical overload capacity, availability of
an electronic R-cal, short and low inertia
torque flange; speed acquisition: two
separate sensors for converter and test
standard control, 512 marks/revolution for
Dynas, L1and HT, 1024 marks/revolution
for Dynas, HD.

Company: Pierburg-Gruppe PLU,
Pierburg Luftfahrt Gearate Union GmbH,
NEUSS; PLU V2: nominal measuring
range 1=0.5...60 L/h, nominal measuring
range 2 =1...120 L/h; standard equipment:
PLU 4000, temperature sensor PT 100
with transducer; optional equipment: in-
let pressure reducers (regular fuels and
alcohol-resistant), density meter with
built-in PT1000 temperature sensor.

Company: Pierburg Instruments GmbH
Neuss Germany; flow rate: 10-15 L/min;
dimensions: 665 mm x 900 mm x 2000
mm (W x D x H); weight: 450 kg; power
distributor: 115V + 10% 50/60 Hz, 230 VV
+ 10% 50/60 Hz; response time T-90
(viacooler): 3 sec (FID); ambient condi-
tions: sample input pressure = +300 hPa,
temperature = 5-35°C; humidity = 5-80
%; FID 4000 (for non-diluted hot
measurements): THC =0 —20.000 ppm
C, (4 measuring ranges definable), CH,
=0-20.000 ppm C,; CLD 4000 (for non-
diluted hot measurements): NO,_ =0 —
10.000 ppm (4 measuring ranges defin-
able); IRD 4000 measuring ranges: CO h
=0-10%, CO, h=0-20% (4 measuring
ranges difinable).

Company: DEWETRON GESMBH, Graz,
Austria; no. of slots for DAQ or PAD

AVL 439
(Opacimeter)

Electrical low
pressure
impactor (ELPI)

ELPI dilutor
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modules: 16; total PCI —slots: 5; weight
of the instrument: 17 kg; hard disk: 250
GB; data throughout: 30 to 45 MB/s;
Power supply: 90to 260 V_; display: 1280
x 1024 pixel; processor: Intel Pentium 4
(2.8 G Hz); Ram: 1 GB; operating system:
Microsoft WINDOWS XP Professional;
operating temperature: 0 - 50°C; storage
temperature: -20 to +70°C; humidity: 10
to 80% non cond.

Company: AVL GmbH Graz Austria;
application area: engine test beds for
static and steady state modes; method
of operation (measurement principle):
Beer-Lambert Law; gas flow rate: 40...45
L/min; measuring unit: measuring cham-
ber, light unit, detector unit; warm up
time: 20-30 min; measuring value out put:
opacity N [%] or absorption k [m™]; mea-
suringrange: N=0...100% ork=0...10
mL; rise time: 0.1 sec (at flow rate 40 L/
min); sampling rate for opacity
signal: 50 Hz; exhaust gas temperature:
0...600°C; Exhaust gas pressure: -100-
+400 mbar; power supply: 230 V; dimen-
sions: 650 mm x 420 mm x 450 mm (W x
H x D); weight: 47 kg.

Company: Dekati Ltd. Finland; particle
size range: 0.03-10 im with filter stage
0.007-10im; number of channels: 12; time
resolution: 2-3 sec; Operating conditions:
ambient temperature = 5-40°C, ambient
humidity = 0-90% non-condensing; aero-
sol conditions: gas temperature = < 60°C
and < 200°C with heated impactor;
weight: 35 kg; electric power: 110/220-240
V, 50-60 Hz, 200W; pressure under the
first stage: 100 mbar; pump specifications
(20 Ipm ELPI): minimum 7 m%h at 100 mbar
abs; computer specifications: Pentium
processor, color monitor, MS-Windows
95™, 98™ NT 4.0™, XP™ or 2000™.

Company: Dekati Ltd., Finland; sample
air flow (inlet): 10 or 30 L/min; diluted
sample flow (outlet): 60 L/min; dilution
ratio: 1:8; dilution air pressure: 2 bar;
temperature (operating conditions): 0-
450°C; total length: 360 mm;
max.diametre: 120 mm; inlet, outlet and
exhaust: 12 mm male pipe for each; dilu-
tion air: 8 mm female; material: AISI 316;
gaskets: copper.
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Increase in NO_ pollutants with biodiesel may be due to the
improved combustion caused by the advanced injection
discussed earlier. Monyem and Van Gerpen (2001) and
Senatore et al. (2000) have also reported increase in NO,
emissions and the role of advanced injection. Moreover, high
oxygen concentration in biodiesel plays a significant role in
the increase of MCP and temperature and thus increases the
NO, pollutants with biodiesel compared to fossil diesel.
According to Cardone et al. (2002), physical properties of
biodiesel like viscosity, density, compressibility and sound
velocity play a significant role in increasing the fuel injec-
tion duration and thus are responsible for advancing the
combustion process. This advanced combustion causes the
increase in NO,_emissions with biodiesel, relative to com-
mercial diesel.

It is worthwhile to note that NO, pollutants of biodiesel are
10% and 7% higher than those of diesel fuel at engine condi-
tions 2 and 4, respectively. These are the conditions at which
percentage difference of two fuels in terms of their NO, is
higher, compared with other two conditions (conditions 1 and
3). As discussed earlier, relative to diesel, biodiesel has 5.5%
and 4.7% higher MCP at engine conditions 2 and 4, respec-
tively, which means that the percentage difference of two
fuels in terms of their MCP is also higher at engine conditions
2 and 4 compared to other two conditions 1 and 3. This implies
that higher the MCP, more are the NO, pollutants. Higher MCP
indicates higher temperature in the cylinder which in turn is
responsible for higher NO,_ emissions. This is the reason for
emission of more NO, with biodiesel compared to diesel, par-
ticularly at engine conditions 2 and 4.

Itis important to consider that NO, are higher at engine con-
dition 2 (lower speed) relative to condition 3 (higher speed).
Since at higher speed, CC temperature is lower compared to
that at lower speed as discussed earlier so there are appre-
ciable abatements in NO, at condition 3 for the test fuels. This
finding further strengthens the argument that higher tempera-
ture in the CC leads to increase in NO, emissions.

Smoke emissions. Smoke emissions were recorded using light
extinction coefficient which is the absolute light absorption
unit indicating the quantity of light absorbed at a distance of
1 m. Figure 4 (d) demonstrates that smoke emissions decrease
by 25%, 36.6%, 9.1% and 13.6% with B20; and 56.5%, 71.7%,
64%, and 83% with B100 at engine conditions 1, 2, 3, and 4,
respectively, relative to diesel fuel.

Decrease in smoke emissions with B20 and B100 is
ascribed to increase in oxidation rate of soot with biodiesel
compared to fossil diesel. According to Jung et al. (2006),
oxidation velocity of biodiesel soot is about six times higher
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compared to that of diesel soot. Song et al. (2006) reported
faster oxidation of soot by biodiesel of soybean oil compared
with fossil diesel. Moreover, lower final boiling point of
biodiesel reduces the probability of tar or soot to be formed
which are often seen in diesel (Lapuerta et al., 2002).

It is interesting to note that like NO,_ emissions discussed
above, percentage difference of biodiesel and diesel in terms
of smoke opacity is also higher at engine conditions 2 and
4, compared with other two conditions i.e. 1 and 3. The
only exception is that in case of NO,, biodiesel shows higher
increase, but in case of smoke it reveals higher abatement
in emissions at both these engine conditions. This con-
notes the trade off between NOy and smoke emissions of
biodiesel.

Itis clear from Fig. 4 (d) that smoke is higher at engine condi-
tion 2 relative to condition 1 for all the test fuels, and it is also
higher at condition 4 relative to condition 3 with diesel and
B20; however B100 shows lower smoke emissions at condi-
tion 4 compared to condition 3. This increase in smoke at
higher load with respect to lower load is ascribed to the
formation of rich mixture in CC. However, the decrease in
smoke emissions with B100 may be due to the optimum air/
fuel ratio that might have occurred at this load level for B100.

PM emissions. PM emissions decrease by 21%, 34.7%, 25.3%,
and 3.2% with B20; and 78.9%, 87.8%, 82.72%, and 71.3% with
B100 at engine conditions 1, 2, 3, and 4, respectively, relative
to diesel (Fig. 4(e)). Above findings are in good agreement
with those of Canakci and Van Gerpen (2001) who reported
65% reduction from the tests performed on diesel engine fu-
elled with biodiesel from soybean oil.

The reduction in PM emissions with B20 and B100 is attri-
buted to the oxygen enrichment resulting in more complete
combustion, relative to diesel. In addition to this, lack of
aromatic content in biodiesel is also responsible for the
reduction of PM emissions, because aromatic content is
considered as soot precursor contributing to the PM
emissions (Lapuertaet al., 2002). Moreover, nominal sulphur
content in biodiesel may help in the reduction of PM emis-
sions by biodiesel compared to diesel (Choi et al., 1997). This
sulphur content is responsible for the sulphate formation, and
hence for PM emissions.

As shown in Fig. 4 (e), PM pollutants are higher at engine
condition 1 compared to condition 2, and at engine condition
3 relative to condition 4 for the test fuels. This may be due to
the higher HC emissions at engine conditions 1 and 3 as com-
pared to their corresponding conditions 2 and 4 as shown in
Fig. 4 (b).
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Conclusions

Following important points have been concluded from the
present experimental study:

At different engine conditions, BP of the engine
remained almost unaffected by B20, but it
decreased by 1.5% to 5.8% with B100, relative to
fossil diesel.

There was a marginal increase in BSFC with B20;
however, B100 exhibited 14% to 17% increase in
BSFC as compared to diesel for different engine
conditions.

B20 revealed a nominal increase in MCP; however,
B100 exhibited a noticeable increase in it which
reached to 5.5% with B100, when compared with com-
mercial diesel.

Relative to B20 and B100, diesel showed deeper HRR
curves during the ignition delay periods and larger
premixed combustion peaks.

At different engine conditions, B20 exhibited 6.8%
to 19% reduction, and B100 reflected 3% to 14%
abatement in CO pollutants, compared with commer-
cial diesel. CO pollutants were higher at lower load
relative to higher load, and at higher speed relative
to lower speed.

HC emissions were reduced by 13% to 20.8% with
B20, and 32.6% to 46.3% with B100 as compared to
diesel for different engine conditions. HC pollutants
were higher at lower load relative to higher load.

NO_ pollutants increased by 2.2% to 5.5% with B20,
and 2% to 10% with B100, relative to fossil diesel
fuel. NO, emissions were greatly influenced by the
MCP, and increased with increase in MCP. NO, emis-
sions were higher at higher load relative to lower
load, and at lower speed as compared to higher speed.
Smoke opacity was considerably affected by
biodiesel, and reduced by 9% to 36.6% with B20 and
56.5% to 83% with B100 with respect to diesel, at
different engine conditions. The MCP showed a sig-
nificant impact on smoke emissions and a trade-off
between smoke and NO, was observed. Smoke emis-
sions were higher at higher load, compared with lower
load.

B20 and B100 showed 3.2% to 34.7% and 71.3% to
87.8% abatement in PM emissions, respectively, as
compared to the commercial diesel fuel. PM emis-
sions were higher at lower load relative to higher
load.
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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 asmall 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.

Sundrying 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 commaodity 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 ina
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).
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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 Aand 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
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All dimensions are in mm

Fig. 1. Essential features of the solar fish dryer.

3. High wind speed
4. High porosity of the food
5. Large surface area to volume ratio of food

Attainable temperature analysis. The temperature inside the
dryer does not increase indefinitely even when it is continu-
ously supplied with energy by the sun at its best collector’s
tilt.

The energy analysis of the heating chamber is discussed
herein. The heating chamber is a flat plate collector having a
glass glazing and within it is a blackened aluminum sheet that
serves as absorber.

Let:

Q,,,- be the effective solar irradiance on collector absorber
plate

- heat capacity of the absorber plate.

— O

:mean temperature of the absorber plate and

-

:the ambient temperature.
- represents all the heat taken away from the absorber plate

©

either by the air (it is supposed to heat) or the loss mecha-
nisms at the collector in particular.
Q,,,and Cap are constants.

The energy balance equation for the system takes the form:

_c [T
Qrad Cap dt + QL (1)
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Experimental work by Sayigh (1979) showed agreement with
what was expected, that is:

Q, generally increases with the increasing difference (Tap-TO).
Q, is taken to depend on (Tap-TO) alone and with that, the
second term in the Taylor’s expansion of Q_ is k(Tap-TO) which
will be taken to approximate Q, in our case.

Q.= k(Tap-TO) substituted into equation (1), gives,

)
Equation (2) can be rewritten as:

dTap _ [Qrad - k(Tap _TO)]
dt C

ap
The solution of equation (3) is,

Ty = (Q;"j{ 1- exp(— Ckap H +T, (4)

From equation (4), one can draw the conclusion that plate
temperature has an upper limit, T, =%+TD , determined by
the irradiance on the plate, the energy transfer rate from the
plate to the air (the rate of useful air heating) and various

losses (due to imperfect insulation etc).

®)

Higher order terms in the Taylor’s expansion for Q_, would
only reduce the steady state temperature T, Since the air
temperature from the collector would not exceed that of the
absorber plate (if this indeed is the air heater), then with proper
designing one can create the heating chamber of the dryer so
that the temperature does not exceed particular values.

Maximum attainable temperature for the developed dryer was
set to about 80 °C as required for fish drying so as to avoid
over- cooking.

Results and Discussion

The data collected for the dryer, while drying fish at the Bishop
village on the 6™ of May 2006, (Fig. 2) was obtained with an
autolog temperature and humidity sensor (RH-02) made by
Pico Technology. This was set to sample data every 3 min.
From the graph, temperature within the dryer was about 40 °C
above the ambient one at about 4:30 pm. It can be seen from
the graph that the environment of Bishop Village has ambient
humidity of approx 70% during the day. Thus, open sun drying
would occur at a comparatively much slower rate in this place.

The average humidity inside the dryer between 12:30 pm
and 5:30 pm was around 25%, which shows a relatively
well-improved environment for drying compared to its
surroundings.

Q rad
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It was observed that 50 °C temperature was good enough for
the initial drying of fish which was then gradually increased
to 80 °C to avoid cake-layer formation of the outer tissues.

At about 3:20 p.m., the dryer was momentarily opened (for
about 3 min to check the dryness of the fish) causing the
humidity to jump to about 54%. It is suggested that in the
design of dryer, some arrangement for energy storage like
coal or granite stones may be provided to preserve the heat
inside the chamber especially during cloud cover (Boyo, 2003).
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Fig. 2. Temperature and humidity profile inside and outside
dryer during fairly clear sky on 6th June 2006.

The drying time required to dry any type of fish depends on
the extent of dryness to be achieved. On a reasonably sunny
day, when the dryer operates close to 80 °C with humidity
within 10%-30%, moisture content of thin slices of 2 kg of
fish may be reduced by 76%. For thick slices, the problem of
case hardening may occur which sets in when food is dried
too rapidly. For the solution of this problem, common practice
is to salt the fish so as to build up osmotic pressure that will
encourage the diffusion of water onto the surface. A solar
photovoltaic powered micro-controller will be incorporated in

Adenike Boyo and Henry Boyo

future design to regulate the temperature and humidity inside
the dryer to suit specific products (Anyanwu, 2006).

Conclusion

The solar fish dryer, developed herein, provides optimum
drying conditions for fish between 50 °C to 80 °C and humidity
range of 10% to 30%. Under these conditions, the moisture
content of about 2 kg of sliced fish was reduced by about 76%
over a period of seven hours.

The solar fish dryer provides a convenient and hygienic way
of drying the fish and is useful particularly for use in the
Bishop Village, Nigeria. The wood (or coal) that would have
been used for drying can now be spared for better utilization.
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