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Table 2: 1HNMR of compound [I] in DMSO-d6, 400MHz 
Shift (δ) Multiplicity  Identification 

7.53 1H, d, J=2.0Hz H-2’ 

7.40 1H, dd, J=2.3Hz and 2.0Hz H-6’ 

6.89 1H, d, J=8.0 Hz H-5’
 

6.75 1H, d, J=2.0 Hz H-8 

6.63 1H, d, J=2.0 Hz H-6  

4.76 1H, d, J=7.8Hz glucose anomeric proton 

3.2 to 3.7 6H, m glycosyl proton 
  1HNMR of the compound (II) gave two 
symmetrical doublets each with J=8.0 Hz, at δ 8.08 
(2H, d, for H-2' and H-6' ) and at δ 6.89 (2H, d, for 
H-3' and H-5' ) and two down field meta coupled 
protons each with J=2.0 Hz, at δ 6.85 (1H, d, J = 2.0, 
+1.8 ) and δ 6.49 (1H, d, H-6) appeared in aromatic 
region. In aliphatic region, a singlet appeared at δ 
3.15, is identified for methylene protons of malonic 
acid and anomeric proton singlet appeared at δ 4.77 
while remaining protons of sugar appeared as 
multiplet between δ 3.2 to 3.9. On comparing the 
1HNMR of kaempferol-5-O-glycoside with the 
1HNMR of compound (II) in sugar region, the down 
field shift of H-6' and H-6" proton (H-6’, 3.9 and H-
6”, 4.2) of compound (II) clearly indicated that the 
malonyl group substitutes C-6 OH of glucose sugar. 
Thus, the compound (II) was identified as 
kaempferol-3-methyl ether -5-O-β-(6'-malonyl) 
glycoside (Fig.2). 
 

 
Fig.2 
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Abstract: Despite the well established correlation between hypercholesterolemia and coronary artery 
disease (CAD), a substantial body of evidence challenge this relationship. The study aimed to examine 
whether hyperlipidemia per se constitutes the principal risk factor for atherosclerosis or just a coordinator 
to other critical mediators. Hyperlipidemia was produced by feeding rats with high-fat diet for two 
months. The occurrence of hyperlipidemia was determined by measuring lipid profile.  The 
hyperlipidemic rats were subdivided into two groups i) hyperlipidemic rats ii) hyperlipidemic rats injected 
with single dose of Escherichia coli  (E. Coli) (and kept for two weeks to develop bacteremia and its 
subsequent effects. Result showed that hyperlipidemia significantly increased total cholesterol, 
triglycerides, low density lipoprotein (LDL) and homocysteine levels, whereas decreased
high density lipoprotein cholesterol (HDL) levels. Moreover, hyperlipidemia induced mild oxidative 
stress in terms of elevated levels of malondialdehyde (MDA) and nitric oxide (NO) and decreased level of 
reduced glutathione (GSH) in blood. In addition, hyperlipidemic rats exhibited high plasma viscosity, 
altered hematological indices and caused histological abnormalities manifested as perivascular 
hemorrhage, vacuolation of the tunica media and minor thickening in aorta wall. Bacteremia provoked 
inflammatory reactions and oxidative stress, elevated plasma homocysteine and caused noticeable 
considerable thickening of media-intema layer suggesting the commencement of atherosclerosis. 
Hyperlipidemic-bacteremic rats showed an additive effect. The study indicated that although 
hyperlipidemia is an apparent risk factor, homocysteinmia, the inflammatory component and the 
oxidative stress emerge to be the underlying mechanisms of atherosclerosis pathogenesis. [Nature and 
Science 2010;8(5):144-151]. (ISSN: 1545-0740).  
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1- Introduction 

 

        Clinical studies indicated that 
hypercholesterolemia is an essential risk factor for 
coronary artery disease (CAD), where low-density 
lipoprotein (LDL) cholesterol plays a major role 
in the atherosclerosis and pathogenesis of CAD 
and other vascular diseases (Trubelja et al, 2005). 
Furthermore, several studies showed that 
hyperlipidemia induces oxidative stress and the 
oxidative modification of lipoproteins in vessel 
walls might play a key role in atherogenesis 
(Wittenstein et al., 2002). Noteworthy, there is a 
substantial body of evidence challenging the 
theoretical relationship between dietary 
cholesterol and CAD. In addition, the relationship 
between cholesterol in foods and cholesterol in 
the blood has never been conclusively established 
and remains a topic of considerable debate. 
Moreover, hypercholesterolemia has been shown 
to have a protective effect against atherosclerosis 
(Ravnskov 2003). 
        On the other side, elevated C-reactive protein 
level, an important marker of inflammation, has 
been acknowledged as an independent risk factor 
for the development of atherosclerosis and 
ischemia even in normal cholesterol levels 

(Collins et al., 2004). In addition, the observation 
that lipid lowering agents other than statins, such 
as fibrates, resins, or diet has no impact on stroke 
incidence (Collins et al., 2004), might indicate 
that in absence of the inflammatory reactions and 
oxidative stress, hyperlipidemia is not the 
prominent risk factor for stroke (Ridker et al., 
2000). However, it seems that the interaction 
between the hemorheological variables (plasma 
and whole blood viscosities, hematocrit, red blood 
cell aggregation) and  hematological parameters 
[plasma fibrinogen and von Willebrand factor 
(vWf)], and platelet aggregation are 
acknowledged to play roles in atherosclerotic 
heart diseases (Kesmarky et al., 2006).  

Escherichia coli (E. coli), a Gram negative 
bacteria, is a common cause of infections in all 
populations and countries of the world (Al-Hasan 
et al., 2009). E. coli escape the intestinal tract and 
enter the abdomen through an ulcer, a ruptured 
appendix, or a surgical error. This leads to 
peritonitis and elicits a vigorous immune system 
response and consequently cause bacteremia, 
sepsis (blood poisoning) and septic shock, which 
has a relatively high mortality rate (Ruthrauff et 
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al., 2009). Endotoxin or LPS, a component of the 
wall of Gram-negative bacteria with significant 
proinflammatory properties, is a primary initiator 
of inflammatory and hemodynamic consequences 
of sepsis [Wang et al., 2007]. 
        The aim of the present study was to evaluate 
the hematological, biochemical, histopathological 
effect of hyperlipidemia and inflammation alone 
or in combination in rat.  This was achieved by 
measuring the lipid profile, the inflammatory 
parameters (C-reactive protein, erythrocyte 
sedimentation rate, (ESR); and the differential 
count of the white blood cells and platelets) and 
the plasma viscosity. In addition, the oxidative 
stress parameters (nitric oxide, NO; reduced 
glutathione (GSH); malondialdehyde (MDA) and 
homocysteine in plasma of different groups were 
determined. Moreover, the histopathological 
studying and measuring the thickness of aorta in 
different treatment were carried out. 
 
2- Materials and Methods 
        Male adult Sprague Dawley rats (150-200 g) 
were kindly provided from our breeding center of 
National Organization for Drug Control and 
Research (NODCAR) and kept for a week for 
acclimatization under normal conditions and 
constant temperature (25±1C°) with ad libitum of 
water and food. All experiments were carried out 
in accordance with research protocols established 
by the animal care committee of the National 
Organization for Drug Control and Research, 
Egypt. 
All chemicals used were of analytical grade. 
Solution of pathogenic strain of Escherichia coli 
(E. coli) bacteria was kindly provided by Mrs. 
Eqbal Abdel Hafez, microbiology department, 
NODCAR. The solution was diluted with saline to 
colony forming units 2x107 CFU/ml. Each rat 
intraperitoneally administered 0.5 ml containing 
107CFU. 
 
2.1. Induction of hyperlipidemia:   
        Hyperlipidemia in rats was done according to 
the method of Gröne et al. [1989]. In briefly, 
hyperlipidemia was induced by feeding the 
animals high-fat diet [(40%) fat / cholesterol 

(5%0)] for two months. The high-fat diet 
contained cholic acid (0.35%) to enhance the 
enteral absorption of lipids. The occurrence of 
hyperlipidemia was determined by measuring 
lipid profile(total cholesterol, triglycerides and 
HDL). The hyperlipidemic animals were only 
used. 
 
2.2. Experimental Design 
        A number of thirty hyperlipidemic rats were 
divided into two groups as follows.    

-  Positive control.(n=10) 
- Hyperlipidemic- bacteremic group: twenty 
hyperlipidemic rats injected with single dose of 
(107 CFU/rat) E.Coli and kept for two weeks. The 
group is comprised of twenty rat, because from 
previous studied the mortality rate of bacteremia 
amounted to 50%. In addition, a number of 28 
normal diet- fed animals were divided into two 
groups as follows:   
- Bacteremic group (normal diet-fed animals were 
injected with single dose of E.Coli (107 CFU/rat) 
and kept for two weeks (n=20). The group is 
comprised of twenty rat, because from previous 
studied the mortality rate of bacteremia amounted 
to 50%.  
-  A group of animals fed normal diet served as 
normal control group (n=8). 

The animals were sacrificed by 
decapitation; the blood samples were collected 
into heparinized tubes and centrifuged at 3000 
r.p.m for 10 min. for plasma separation. 
 
2.3. Methods 
        Determination of total cholesterol, 
triglycerides, and high density lipoprotein (HDL) 
were analyzed using commercial available kits 
(STANBIO Lab. TX, USA). Low density 
lipoprotein was calculated mathematically by 
Friedwald’s formula (1972). Determination of 
reduced glutathione, homocysteine, 
malondialdehyde and nitric oxide (as total nitrite 
and nitrate) levels were determined by HPLC 
methods according to the Jayatilleke and Shaw 
(1993), Or-Rashid et al. (2000), Karatepe (2004) 
and Everett et al. (1995) respectively. Erythrocyte 
sedimentation rate, leucocytes differential and 
platelets count were carried out using the method 
adapted by Simmons and Bernard (1997). Plasma 
viscosity was determined using BROOK FIELD 
DV-III ULTRA Programmable Rheometer-USA. 
CRP was detected with ELISA kit for rat 
(Genway Biotech, Inc., CA, USA), with the 
normal level being less than 0.5 mg/ml. 
 
2.4. Histopathological examination and 
Morphometric Measurements: 
        Histopathology was carried out according to 
Carleton and Drury (1973). Cuts were made at a 
right angle to aorta and fixed in 10% buffered 
formalin. Sections of 4 µm thickness were stained 
with hematoxylin and eosin, aorta with uniform 
throughout its circumference have been selected 
for morphometric measurements. Morphometric 
measurements of thickness of cross-sectionally 
cut aorta were obtained under x 450 magnification 
with a calibrated filar micrometer. 
 
2.5. Statistical analysis 
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         Data presented as means ± SE. One-way 
ANOVA followed by LSD test were used to 
evaluate significant differences from the control 
and hyperlipidemic groups. Statistical processor 
system support (SPSS) for Windows software, 
release 10.0 (SPSS, Inc, Chicago, IL) was used. 
 
3. Results 
3.1. Biochemical investigation.  
        Feeding of animals with high fat-diet for two 
month significantly increased the levels of blood 

total cholesterol, triglycerides and LDL and 
decreased the level of HDL in both the 
hyperlipidemic group and hyperlipidemic- 
bacteremic group in comparison to control group. 
Bacteremic group didn't differ from control group 
(Table 1). Hyperlipidemic, bacteremic, and 
hyperlipidemic- bacteremic groups exhibited low 
count of blood platelets, and total and differential 
(lymphocyte and monocyte) white blood 
corpuscles (WBC) in comparison to control 
(Table 2). 
 

 

 
 

Hyperlipidemic, bacteremic and hyperlipidemic-bacteremic groups exhibited heightened plasma viscosity 
in comparison to control. In addition, the ESR was higher in hyperlipidemic, hyperlipidemic- bacteremic 
and bacteremic groups in an ascending order respectively in comparison to control. On the other hand, 
bacteremic and hyperlipidemic- bacteremic groups gave strong positive indication for C-reactive protein, 
while hyperlipidemic rats gave weak positive indication (Table 3). Data in Table 4 showed that the 
hyperlipidemic, bacteremic and hyperlipidemic- bacteremic groups showed elevated level of 
homocysteine, NO and MDA and decreased GSH level in comparison to control. The hyperlipidemic- 
bacteremic group showed an additive effect. 

 
 

Table 1 Effect of high fat- diet and Escherichia coli (107 CFU/ rat i.p) treatment alone and in combination 
on plasma lipid profile in rat.  

Group 
Parameter 

Control Hyperlipidemic 
Hyperlipidemic - 

Bacteremic 
Bacteremic 

Total Cholesterol 
(Mg/dl) 

71.000 ± 1.852 105.750 ± 3.081* 93.000 ± 2.847*,+ 71.375 ± 1.679+ 

Triglyceride 
(mg/dl) 

62.375 ± 2.828 82.375 ± 2.095* 73.750 ± 4.092*,+ 65.625 ± 1.133+ 

HDL 
(mg/dl) 

42.875 ± 2.158 35.625 ± 1.752* 36.500 ± 1.439* 40.625 ± 1.475 

LDL 
(mg/dl) 

15.650 ± 1.487 53.650 ± 3.659* 41.750 ± 3.760*,+ 17.625 ± 2.884+ 

*  Significant different from control group at P< 0.05.     

+ Significant different from hyperlipidemic group at P< 0.05 

Table 2 Effect of high fat- diet and Escherichia coli (107 CFU/ rat i.p) treatment alone and in combination 
on total and differential (lymphocytes and monocytes) leucocytic and platelets count in rat.  

Group 
Parameter 

Control Hyperlipidemic 
Hyperlipidemic-  
Bacteremic 

Bacteremic 

WBCs 
(x103/mm3) 

11.179 ± 0.328 9.778 ± 0.289 * 6.330 ± 0.219 *,+ 4.534 ± 0.245 *,+ 

Lymphocyte 
(x103/mm3) 

6.077 ± 0.297 4.245 ± 0.244 * 2.116 ± 0.165 *,+ 1.069 ± 0.712 *,+ 

Monocyte 
(x103/mm3) 

0.742 ± 0.034 0.722 ± 0.024 0.438 ± 0.018 *,+ 0.257 ± 0.121 *,+ 

Blood Platelets 
(x103/mm3) 

0.381 ± 0.01 0.350 ± 0.009 * 0.299 ± 0.006 *,+ 0.243 ± 0.005 *,+ 

 *  Significant different from control group at P< 0.05.     

+ Significant different from hyperlipidemic group at P< 0.05 
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3.1. Histopathological  and morphometric investigations. 
        Figure 1 and Table 5 showed normal architecture of aorta in normal control animals and normal 
aorta thickness. Aorta of hyperlipidemic animals showed hemorrhage in perivascular tissue (Fig. 2), with 
vacuolation in the cells of the tunica media (Fig. 3), and minor increase in the thickness of aorta wall 
(Table 5). Bacteremic group showed desquamation in the lining endothelium while the tunica media was 
hyalinized (Fig. 4) and exhibited remarkable increase in the thickness of aorta wall (Table 5). 
Histopathological examination of hyperlipidemic- bacteremic animals showed hemorrhage in the 
perivascular tissue (Fig. 5), and oedema in the tunica adventitia (Fig. 6), accompanied with thickening of 
aorta (Table 5). 

 
 

Table 3 Effect of high fat- diet and Escherichia coli  (107 CFU/ rat i.p) treatment alone and in combination 
on  plasma viscosity,  erythrocyte sedimentation rate, and  C-reactive protein in rat. 

Group 
Parameter 

Control Hyperlipidemic 
Hyperlipidemic-

Bacteremic 
Bacteremic 

Viscosity (CPS) 1.188 ± 0.295 1.625 ± 0.590 * 1.300 ± 0.267 + 1.138 ± 0.324 + 
Erythrocyte 
sedimentation Rate 
(ESR)-1 hr (mm/hr) 

6.625 ± 0.420 13.250 ± 0.366 *,+ 24.250 ± 1.750 *,+ 35.000 ± 1.336 *,+ 

Erythrocyte 
sedimentation Rate 
(ESR)-2 hr (mm/hr) 

12.250 ± 0.526 24.625 ± 0.925 *,+ 43.125 ± 1.043 *,+ 59.750 ± 1.359 *,+ 

C-reactive protein 
(mg/ml) 

0.475 ± 0.033 0.520 ± 0.041 0.790 ± 0.053 *,+ 0.850 ± 0.061 *,+ 

* *  * Significant different from control group at P< 0.05.     
+ Significant different from hyperlipidemic group at P< 0.05. 

Table 4 Effect of high fat- diet and Escherichia coli (107 CFU/ rat i.p) treatment alone and in combination on 
plasma reduced glutathione, nitric oxide, homocysteine and malondialdehyde in rat.  

Group 
Parameter 

Control Hyperlipidemic 
Hyperlipidemic-  
Bacteremic 

Bacteremic 

Reduced glutathione 
(mg/ml) 

41.583 ± 2.160 33.438 ± 1.594* 27.813 ± 1.008*,+ 32.083 ± 0.932* 

Nitric oxide 
(nmol/ml) 

24.750 ± 0.491 28.750 ± 0.701* 
37.000 ± 0.655*,+ 

 
30.125 ± 0.693* 

 
Homocysteine 

(µmol/L) 
6.831 ± 0.236 13.005 ± 0.443 * 11.954 ± 0.229 *,+ 9.301 ± 0.325 *,+ 

Malondialdehyde 
(nmol/L) 

61.344 ± 3.417 103.454 ± 2.182* 133.550 ± 2.877*,+ 113.000 ±. 3.600* 

* Significant different from control group at P< 0.05.  
+ Significant different from hyperlipidemic group at P< 0.05. 

Table 5 Effect of high fat- diet and Escherichia coli (107CFU/ rat i.p) treatment alone and in combination on 

aorta wall thickness in rat.  

Group 
Parameter 

Control Hyperlipidemic 
Hyperlipidemic- 
Bacteremic 

Bacteremic 

Aorta Wall Thickness 
(mm) 

% of control 

0.071 ± 0.002 
 
       100.00% 

0.078 ± 0.002* 
 

         109.9% 

0.096 ± 0.003*,+ 
 

           135.2% 

  0.094 ± 0.003 
*,+ 

 132.4% 
* Significant different from control group at P< 0.05.  n=6 
+ Significant different from hyperlipidemic group at P< 0.05 
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Fig. (1):  Transverse section of aorta of control rat showing normal histological structure of the tunica intima (I), 
media (M) and adventitia (A).  (H & E.X 160) 
Fig. (2): Transverse section of aorta of hyperlipidemic rat showing perivascular hemorrhage 
(H).  (H&E X 40). 
Fig. (3): Transverse section of aorta of hyperlipidemic rat showing vaculation in the cells of 
tunica media (arrow). (H & E X 160 
Fig. (4): Transverse section of aorta of Escherichia coli (107CFU/ rat, i.p) treated rat 
showing focal desquamation of the endothelial cells lining the intima (arrow) with 
hyalinization in the tunica media (M). (H & E X 160). 
Fig.(5): Transverse section of aorta of hyperlipidemic and Escherichia coli (107CFU/ rat, 
i.p)  treated rat showing the perivascular hemorrhage (H).  (H & E X 160). 
Fig. (6): Transverse section of aorta of hyperlipidemic and Escherichia coli (107CFU/ rat, i.p) treated rat 
showing oedema in the adventitia (A) (H & E X 64). 
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4. Discussion 
4.1. Biochemical, hematological and histological 
effects of hyperlipidemia  
                The present data showed that feeding 
rats with high-fat diet for two months induced 
hyperlipidemia. Hyperlipidemic animals exhibited 
high plasma viscosity, elevated plasma 
homocysteine level, mild oxidative stress, altered 
hematological indices and thickening in media-
intema layer. In agreement to the present results, a 
recent study showed that feeding of albino rats 
with high fat diet increased atherogenic indices 
and induced vascular endothelial dysfunction in 
isolated aorta of atherogenic-diet rats (Nakagawa 
et al., 2009). Furthermore, feeding of rats with 
high fat diet and a single dose of vitamin D (3) 
produced atherosclerosis in Sprague-Dawley rats, 
and induced hemorrheological and 
histopathological abnormalities in the atherogenic 
diet fed rat model. (Wu et al., 2009). Moreover, 
Chen et al. (2009] studied the mechanical 
properties of aortic artery in rats with 
atherosclerosis (AS), where the relationship 
between mechanical measurements and collagen 
concentration was evaluated. A close relationship 
between the mechanical constants and the 
percentage of elastin and collagen content was 
observed. It was concluded that mechanical 
remodeling in aortic artery of AS might be related 
with histological remodeling.  
        Besides, it is likely that the elevated plasma 
viscosity might constitute a risk factor in 
hyperlipidemic subjects (Cecchi et al., 2006). In 
accordance to present finding, previous studies 
indicated that hyperlipidemia increased the levels 
of lipid parameters and induces oxidative stress 
and initiated atherosclerosis (Wittenstein  et al., 
2002, Collins et al., 2004). On the other hand, 
severe hyperlipidemia in patients with glycogen 
storage disease type Ia (GSD Ia) failed to provoke 
premature atherosclerosis (Wittenstein et al., 
2002),  which might indicate that in absence of 
the inflammatory reactions and oxidative stress, 
hyperlipidemia was not the prominent risk factor 
for stroke. In accordance to the present findings, 
hyperhomocysteinemia (hHcys) per se has been 
recognized as a new risk factor for cardiovascular 
diseases, independent of plasma lipid levels or 
other factors (Li et al., 2002). Moreover, 
hyperhomocystinemia has been found to increase 
carotid intima-media thickness which is a marker 
of early atherosclerosis (Spence 2002).  
        The present histopathological findings 
indicated that hyperlipidemia causes mild 
structural abnormalities manifested as thickened 
media-intema layer in comparison to control 
group; this effect might be due to accumulation of 
fatty vacuoles cells in the tunica media which 

resulted into narrowing of the aorta diameter. In 
accordance, a previous study indicated that 
hyperlipidemia causes accumulation of fatty 
plaque deposits in the arteries and aggravate 
narrowing of the arterial diameter, which restricts 
blood flow to vital organs (Rioufol & Finet 2002).  

  
4.2. Biochemical, hematological and histological 
effects of bacteremia  
        Bacteremic group exhibited normal lipid 
profile and manifested oxidative stress status and 
noticeable inflammatory reaction in terms of 
positive C-reactive protein, increased ESR and 
increased lymphocyte count and noticeable 
thickened media-intema layer of aorta. In 
accordance to our finding, Ross (1999) indicated 
that inflammation has a pivotal role in the 
development of atherosclerosis. Moreover, a 
previous study suggested that measurement of the 
inflammatory marker C-reactive protein, may 
provide a useful method of assessing the risk of 
cardiovascular disease in apparently healthy 
persons, particularly when lipid levels are low 
(Ridker et al., 2000). In rats, CRP is not a typical 
acute- phase protein and exists in plasma under 
basal condition in a concentration which is 100 
times higher than that in humans (Diaz Padilla et 
al., 2003). 

In addition, it's suggested that the 
inflammatory effect of bacterial endotoxin 
induced oxidative stress which oxidizes LDL. 
Oxidized LDL, in turn, activates further 
inflammatory processes at the level of gene 
transcription such as up-regulation of nuclear 
factor kappa-B, expression of adhesion 
molecules, and recruitment of 
monocytes/macrophages and the generation of 
blood C-reactive protein (Ipatova et al., 2003). 
These activated macrophages produce numerous 
factors that are injurious to the endothelium 
(Kolodgie et al., 2003). Consequently, denudation 
of the overlying endothelium or rupture of the 
protective fibrous cap may result in exposure of 
the thrombogenic contents of the core of the 
plaque to the circulating blood and increased 
blood viscosity and coagulation (Cuthbertson & 
Christophi 2006). Moreover, it is likely that 
reactive oxygen species formation by phagocytes 
and subsequent modifications of vascular wall are 
involved in the early step of atherogenesis 
(Delbosc et al., 2002).  
       Observation that bacteremic rats exhibited 
structural abnormalities and considerable 
thickening of the aorta wall, nearly equals 
hyperlipidemia-bacteremia group might indicate 
that hyperlipidemia may have minor effect.  Also, 
this might suggest that inflammation plays an 
essential role in the initiation and progression of 
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atherogenesis in presence or in absence of 
hyperlipidemia. Consistently, several studies 
indicated that inflammation causes abrasion of the 
overlying endothelium of the blood vessels 
through the exposure to the immune cells 
monocytes/macrophages and deposition of LDL-
cholesterol leading to arteries stenosis even in 
normal lipid profile individuals (Delbosc et al., 
2002). 
 
4.3. Biochemical, hematological and histological 
effects of hyperlipidemia-bacteremia  
        It’s worthy to note that the hyperlipidemic- 
bacteremic rats exhibited an additive effect 
regarding the oxidative stress parameters and the 
inflammatory reactions. This might indicate the 
pathophysiological effect is principally originated 
from the inflammation and that hyperlipidemia is 
a coordinator component. Alternatively, 
atherosclerosis could be recognized in part an 
inflammatory disease and that the lowering of 
lipid levels may represent an anti-inflammatory 
process. Consistently, oxidized low-density 
lipoprotein (LDL) cholesterol; infectious agents; 
toxins, the byproducts of cigarette smoking; 
hyperglycemia; and hyperhomocystinemia are the 
probable causes of endothelial injury (Kesmarky 
et al., 2006). 
 
5. Conclusion:  
        The study might indicate that there is a 
correlation between cholesterol level and heart 
disease but does not prove causation. Moreover, 
inflammation emerges to be independent risk 
factor for the development of atherosclerosis even 
in normal cholesterol level. In absence of the 
inflammatory reactions and oxidative stress, 
hyperlipidemia alone is not the principal risk 
factor for atherosclerosis. 
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Abstract: The study was conducted to collect and identify endoparasites of Channa punctatus (Bloch,1793) from 
different water bodies of varying water quality in Bangladesh and to determine the prevalence and intensity of 
infestation brought about by the endoparasites in the hosts. The host fishes were collected from polluted water at 
sewage treatment lagoon in Narayangong and fresh water at Tongi Hatchery in Gazipur, Bangladesh. The 
prevalence of endoparasites in the host fish Channa punctatus was 91.30% in female and 88.88% in male fishes, 
among them in polluted water fishes the prevalence was 85.71% in female and 86.66% in male and in fresh water 
fishes the prevalence was 100% in both the male and female fishes. The intensities of infestation in Channa 
punctatus was 6.78 in female and 6.55 in male fish collected from hatchery; and in sewage water fishes the intensity 
was 3.50 in females and 1.15 in males respectively. Six parasite species were found from polluted water fishes and 
seven species of parasites were recorded from fresh water fishes. The parasite groups were trematodes 
(Genarchopsis bangladensis, Allogomtiotrema attu, Phyllodistomum sp., Neopecoelina saharanpuriensis), 
nematodes (Ascaridia sp., Procamallanus sp.) and Acanthocephalan (Pallisentis nandai). Acanthocephalans were 
found in the fishes collected from sewage lagoon. Liver, stomach, intestine and body cavity of the host fishes were 
examined for parasites. Females were more infected than the males. The intensity and the prevalence were higher in 
host fishes collected from hatchery than the sewage water host fishes. The hosts of intermediate length and weight 
group were found to be more infected than smaller and larger length groups. [Nature and Science 2010;8(5):152-
156]. (ISSN: 1545-0740).  
 
Key words: Endoparasite, Channa punctatu, Hatchery, Sewage Lagoon 

 
1. Introduction 
    Parasitic diseases, either alone or in conjunction with 
other environmental stresses, may influence weight or 
reproduction of the host, alter its population 
characteristics, and affect its economic importance 
(Rhode 1993).  Parasites occupy a definite position in 
the animal kingdom for their remarkable adaptations 
and damaging activities to host. The importance of 
parasite is related directly to the fish that may affect the 
general public health (Hoffman 1967). 
Every parasite living in or on a fish extents some 
degree of harmful influence on its host. The normal 
growth of fish is interrupted or inhibited if they are 
heavily infected with parasites. The composition of the 
parasites of fish depends on various environmental 
factors such as geographical location of the habitat, 
season of the year, physico-chemical factors of the 
water, the fauna present in and around the habitat etc. 
Dogiel (1964) suggested factors that directly influence 
parasitic fauna of fish include age, diet, abundance of 
fish, interdependence of members of parasitic fauna 
within the fish and the season.  

The normal growth of the fishes is impeded if they are 
heavily infested with endoparasites.          
According to Gupta (1983) injury of fishes can carry 
heavy infection of parasites that cause deterioration in 
the food of fish and may even result in their mortality. 
Besides there are a number of “helminth parasites” 
which are transmitted to man only through fishes. The 
similarity in parasitic fauna between species utilizing 
similar food was also noted (Dogiel 1964). The 
difference in feeding habits has considerable impact on 
intestinal parasites, but related species living together 
are likely to share a similar array of ectoparasites, in 
spite of their differences.   
Study of parasites is scant and recent in Bangladesh. 
Attempts have been taken to explore the parasitic fauna 
of fishes of this country (Rahman 1989, Khan 1985, 
Ahmed and Rouf 1981). Elahi (1969) studied in some 
endo-parasites of fresh water fishes of the family 
channidae in Dhaka. He described crowcrocacum 
pakistanensis from the intestine of channa marulius. 
Bashirullah (1973) listed some helminth parasites in 
Channa striatus and Channa marulius. Chowdhury 
(1992) studied on the helminth parasites infestation and 
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histopathological changes in snake head fishes. She 
described cestode Gangesia bengalensis from the 
intestine of Channa marulius; nematode Camallanus 
ophiocephali from the intestine of Channa striatus and 
Spirocamallanus sp. in the intestine of Channa 
striatus; acanthocephalan Pallisentis nandi from the 
intestine, stomach and body cavity of Channa striatus 
collected from different fish markets of Dhaka city. 
Nahar (1993) reported incidence of endoparasites of 
Channa striatus and Channa marulius from Dhaka, 
Bangladesh. 
The aquatic environment encompasses a wide variety 
of biological, chemical and physical parameters, which 
if altered beyond acceptable limits, such as under 
culture conditions, may weaken the fish leading to 
disease outbreaks (Roberts 1989). Fish play an 
important role in economy of Bangladesh. Mortality of 
fishes occurs due to heavy infestation of parasites. For 
that reason the present work was undertaken to 
investigate the prevalence and intensity of 
endoparasites of the host fish Channa punctatus 
(Bloch, 1793) in two different water bodies of varying 
water quality. 
 
2. Materials and methods 
    The host fish, Channa punctatus (Bloch, 1793) were 
collected using traps and gill nets from Tongi 
Hatchery, Gazipur and from sewage treatment lagoon 
at Narayangonj, Bangladesh which were selected based 
on availability of laboratory space (Aloo et al.  2004). 
In the lagoon the sewage water is kept for oxygenation 
and treatment before disposal into the river (Hasan et 
al. 2006). Before dissection length, weight and sex of 
each fish were recorded. Then an incision was made 
along the mid-ventral line of the fish. The surfaces of 
the visceral organs and body cavities and serous 
membranes were examined for encysted larvae and 
parasites by using hand lens. All the organs were 
removed intact and carefully from the body and put 

into formalin solution in petridishes. After separating, 
the internal organs (stomach, intestine, liver and body 
cavity) were examined individually for parasite in 
separate petridishes under compound microscope. The 
stomach and intestine were carefully opened by an 
incision and then were shaken to dislodge the parasites 
that might remain attached to the lining of the 
epithelium by their head ends. The epithelial layers of 
the stomach and intestine were scrapped with a scalpel 
to remove any parasite that might remain attached to 
the layers, and the liver and body cavity were shredded 
with a pair of forceps and needles. The collected 
parasites were then washed in fresh saline solution. 
The contents of each petridish were then stirred well 
and allowed to settle in the bottom of the petridish. The 
sediment was then examined with a dissecting 
microscope. The collected parasites were washed in 
fresh water to clean any debris before making 
temporary mounts or permanent slides. For the purpose 
of fixation of nematode and acanthocephalan parasites 
hot glacial acetic acid and AFA (Alcohol Formol 
Acetic) were used respectively. The collected parasites 
were placed in hot fixative and left there for a few 
minutes. After fixation the parasites were preserved in 
70% ethyl alcohol in vials for prolonged storage. 
Lactophenol was used in order to clean the nematodes 
and acanthocephalan parasites. The nematodes were 
kept in lactophenol for five to seven days for visibility 
of the internal organs. The acanthocephalans required 
four to five days to be cleaned of in lactophenol. The 
cleaned parasites (nematodes and acanthocephalans) 
were mounted on slides temporarily in lactophenol. To 
make permanent slides of acanthocephalan the 
parasites were stained with borax carmine for one and 
half to two hours and then after dehydrating in alcohol 
graded series, the parasites were cleaned with xylene 
and mounted in Canada balsam. Collected parasites 
were identified with the help of Yamaguchi 1963 and 
Soota 1983. 

 
3. Results 
    In the sewage lagoon the temperature varied from 
20.5° to 32.3°C, pH 7.7 to 8.5, and dissolved oxygen 
7.0 to 8.5 mg/l (Hasan et al. 2006). Seven species of 
parasites were found among them three were identified 
to genus level. Among all of those four were 
trematodes, two nematodes and one acanthocephalan. 
In C. punctatus four trematodes (Genarchopsis 
bangladensis, Allogomtiotrema attu, Phyllodistomum 
sp., Neopecoelina saharanpuriensis), two nematodes 
(Ascaridia sp.,    Procamallanus sp.), one 
acanthocephalan (Pallisentis nandai) were recovered.  
In this study, the parasites were found in the different 
internal organs of the collected host species (Figure 1 

and 2) from both sampling points. The number of 
parasites varied in the different organs of the hosts. The 
intensity and the prevalence were highest in fishes of 
the hatchery than the sewage lagoon. Basirullah (1972) 
worked on some fresh water fishes of Dhaka and 
showed that Encredium dacci, Camallanus adamsia, 
Camallanus ophicephali, Pallisentis sp. were located in 
the intestine and Genarchopsis sp. in the stomach of 
Channa marulius, Channa striatus, Channa punctatus, 
Channa gachu. Chowdhury (1992) found all helminths 
except Genarchopsis sp. in the medle region and 
posterior region of the intestine; a few nematodes were 
also found in the body cavity of their host fishes.  
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Figure 1: Parasites present in different organs of Channa punctatus collected from hatchery 
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Figure 2: Parasites present in different organs of Channa punctatus collected from sewage lagoon 
 
 
4. Discussion  
    The prevalence of endoparasites in the host fish C. 
punctatus was 91.30% in females and 88.88% in males, 
among them in polluted water fishes the prevalence 
was 85.71% in female and 86.66% in male and in fresh 
water fishes the prevalence was 100% in both the male 
and female fishes. The intensities of infestation in C. 

punctatus was 6.78 in female and 6.55 in male fish 
collected from hatchery; and in fishes of the sewage 
lagoon the intensity was 3.50 in females and 1.15 in 
males (Table 1). The intensities varied significantly in 
the different water bodies. It was observed that female 
fishes were more infected than the male fishes in this 
study.  

 

Table 1: Prevalence and intensity of infestation in the fishes of hatchery and the sewage lagoon 

 
Hatchery 

 

 
Sewage lagoon 

 

 

Sex of fish 
Prevalence 

(%) 
Intensity 
(± SD) 

Prevalence 
(%) 

Intensity 
(± SD) 

Male 100 6.55 (± 4.91) 86.66 1.15 (± 2.33) 

Female 100 6.78 (± 5.54) 85.71 3.50 (± 4.01) 

 
The cause of higher intensity in female fishes may be 
ecological habitat and sex hormones responsible for 
depressing the level of infestation. According Aloo et 
al. (2004) the main reason for the differences in 

parasitic load with sex is physiological. In the present 
study, it was found that the prevalence and intensity of 
parasites of different groups varied for water quality 
and sex of hosts (Table 2). 
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Table 2: Prevalence and intensity of different groups of parasites in host fishes  
 

 
Hatchery 

 

 
Sewage lagoon 

 
Prevalence (%) Intensity Prevalence (%) Intensity 

 
 

Name of parasites 

Male Female Male Female Male Female Male Female 
Genarchopsis 
bangladensis 

45.45 55.55 1 1 12.50 0 1.5 0 

Allogomtiotrema 
attu 

45.45 55.55 1.8 1.5 6.25 7.14 2 2 

Phyllodistomum sp. 18.18 44.44 3 1.5 0 7.14 0 2 

Neopecoelina 
saharanpuriensis 

36.36 33.33 2 2 12.50 14.28 1 1 

Ascaridia sp 100 100 1.27 1.22 43.75 57.14 1.14 1.5 

Procamallanus sp. 90.90 100 2.4 2.4 50 64.28 1.12 1.66 

Pallisentis nandai 36.36 22.22 1.75 2 0 0 0 0 

 
 
5. Conclusion 
    Polyanski (1961) reported that the major factors 
determining the fish parasite fauna as well as intensity 
and prevalence of infestation in aquatic environments 
can be summarized as being: the diet of the host, 
lifespan of the host, the mobility of the host throughout 
its life including the variety of habitats it encounters, 
its population density and the size attained, with large 
hosts providing more habitats suitable for parasites 
than small ones. In most cases intensity does not differ 
for sex in same habitat, but it is observable that 
intensity differs strongly for habitat. It also differs from 
species to species. In this study, the hosts of 
intermediate length and weight were found to be more 
infected than the hosts of smaller and larger length. 

One major reason is that as the fish grows, the amount 
of food it consumes, which includes the larval stages of 
the parasites, increases (Paling 1965, Mashego 1989, 
Davey and Gee 1976). Intestinal parasites inhibit the 
digestive activity of the host and indirectly inhibit 
vitamin and blood sugar metabolism and growth; 
parasites in the liver affect glycogen metabolism and 
growth (Rhode 1993). Since fish play vital role in the 
economy of Bangladesh, more emphasis should be 
given on such type of negative interactions that can 
cause huge damage to the fish population and more 
importance should also be given to the water quality 
because the prevalence of parasites can vary for 
different water bodies. 
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Comparison of digesting capacity of nitric acid and nitric acid-perchloric acid 
mixture and the effect of lanthanum chloride on potassium measurement 
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Abstract: Nitric acid-perchloric acid mixture is the renowned digesting reagent in the scientific world of plant 
nutrition. Beside this, some other inorganic acids can be used as the digester of plant samples. Therefore, this 
experiment was conducted to find out if there is any difference between the digesting capacity of nitric acid (HNO3) 
and nitric acid-perchloric acid mixture (HNO3-HClO4) or not. The hydroponic experiments were conducted with 
barley (Hordeum vulgare L. cv. Minorimugi) and rice (Oryza sativa L. cv. Akihikari) seedlings. At suitable stage, 
the plant samples were collected, washed with deionized water, separated into shoot and root, dried, grinded and 
then divided into two groups for shoot and root individually for two types of seedlings. One group was for only 
HNO3 acid and the other group was for HNO3-HClO4 acid mixture. Phosphorus (P), potassium (K), calcium (Ca), 
magnesium (Mg), iron (Fe), manganese (Mn), zinc (Zn) and copper (Cu) were measured after digesting the samples. 
There was no significant difference between the digesting capacity of HNO3 acid and HNO3-HClO4 acid mixture. 
Potassium was measured by diluting the samples (200-600 times) containing lanthanum chloride (LaCl3) or without 
LaCl3. Lanthanum chloride did not have any significant effect on K measurement in this dilution system. [Nature 
and Science 2010;8(5):157-162]. (ISSN: 1545-0740).  
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1. INTRODUCTION 

Before determination of inorganic elements from plant 
tissues it is necessary to destroy the organic matter in 
plant substances. However, such a destructive method is 
not necessary for some inorganic ions like K, Na, Ca and 
Mg, which do not form any organic complex in plant 
tissues (Imamul Huq and Didar-ul-Alam, 2005). The 
methods which are used to bring about the destruction of 
organic matter fall into two main groups such as “wet 
oxidation and dry ashing”. The wet oxidation includes 
those methods in which the destruction of organic matter 
is brought about by oxidation in a liquid medium, while 
dry ashing refers to processes in which the sample is 
ignited. Generally the methods of wet oxidation include 
the digestion of the samples with aqua regia (HCl: HNO3 

= 3:1), ternary acid mixture (HNO3: H2SO4: HClO4= 
5:1:2), nitric acid-perchloric acid mixture 
(HNO3-HClO4), sulfuric acid-nitric acid mixture 
(H2SO4-HNO3), sulfuric acid-perchloric acid mixture 
(H2SO4-HClO4), nitric acid-hydrogen peroxide mixture 
(HNO3-H2O2) and/or sulfuric acid-hydrogen peroxide 
mixture (H2SO4-H2O2). In the wet oxidation methods, the 
greater part of the oxygen (O) is required for the 
oxidation is supplied by the nitric acid (HNO3). For the 

most efficient use of HNO3, digestion must be carried out 
at a low temperature, which helps to minimize the 
excessive losses of the elements by evaporation in the 
early stages. In wet oxidation methods, HClO4 acid 
prevents the excessive frothing which occurs frequently 
when HNO3 or H2SO4 acid is used singly. Wet oxidation 
results in the conversion of the elements P, Na, K, Ca, 
Mg, Fe, Mn, Zn, Cu and others to proper forms for 
analytical determination. Some elements like chlorine 
(Cl) and P may be lost at the time of wet ashing as 
volatile compounds (Imamul Huq and Didar-ul-Alam, 
2005). From the historical period, HNO3-HClO4 mixture 
is being used as the suitable digester in wet oxidation 
method for the determination of inorganic nutrient 
elements of plant tissues. But there are some elements 
[e.g. - arsenic (As)] which determination procedure may 
be affected by chloride (Cl-), because of antagonistic 
effect between arsenite (AsO2

-) or arsenate (AsO4
3-) and 

Cl-. Carbonell-Barrachina et al. (1998) found that the 
increasing level of As in the nutrient solution 
significantly decreased the Cl concentration and uptake 
in the root system. Therefore, at the time of As 
determination Cl may show antagonistic effect on As if 
the solution contains excess Cl. The antagonisms 
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between Cl- and NO3
- ; and Cl- and SO4

2- are well known 
phenomenon (Mengel and Kirkby, 1987; Marschner, 
1995). It seems, Cl- reduces the uptake of different 
anionic ions. Therefore, there is a possibility to interfere 
As determination if the solution contains Cl-. In the 
digested solution As may exist as arsenate (AsO4

3-) 
anion. In this study the samples were digested with 
HNO3 acid and HNO3-HClO4 mixture to find out if there 
is any difference between the digesting capacities of 
these two. This study will provide some basic 
information for the future to find out the effect of HClO4 
on As determination, because loss of As can occur in 
presence of high halide concentration (Frankenberger, 
2002) or during determination, halide may interferes As 
determination. The other objective of this report was to 
show the effect of LaCl3 on K determination.   
 
2. MATERIALS AND METHODS 

Two experiments were conducted in this study. 
Experiment 1 (barley plants in minus iron [-Fe] 
condition) was conducted to compare the digesting 
capacity of HNO3 acid with HNO3-HClO4 acid mixture 
and to determine the effect of LaCl3 on K determination. 
Experiment 2 (rice in plus [+Fe] condition) was 
conducted to verify the effect of LaCl3 (purity 98% and 
2% in final solution) on K determination that was 
obtained from the first experiment. 
 
(1) Experiment 1:  
Seed germination (Barley in -Fe condition) 

Barley seeds were (Hordeum vulgare L. cv. 
Minorimugi) surface sterilized with 2% chlorinated lime 
[Ca(OCl)2] for 45 minutes rinsed with tap water 
continuously for 1 hour and sandwiched between 
moistened towels covered with wrapping paper at 25˚C 
for 24 hours in electric incubator. Germinated seeds were 
placed on plastic net in the seed box containing 2 mM 
CaCl2 solution in the greenhouse. After 7 days, the 
solution in the seed box was replaced with 1/5-strength 
modified Hoagland-Arnon solution containing 4.0 µM 
Fe3+-EDTA. The plants were allowed to grow (another 7 
days) until the length of the second leaf was about 20% 
of that of the first leaf.  
 
Plant culture (Barley in -Fe condition) 

The seedlings were transplanted after 14 days of 
germination (7 days in CaCl2 solution and 7 days in 
1/5-streangth modified Hoagland-Arnon solution) in 
bunches (5 plants were wrapped with sponge rubber to 
make one bunch). 50 bunches were placed in one bucket 
(capacity 35 liters) filled with ½-strength modified 
Hoagland-Arnon solution containing 10 µM Fe3+-EDTA 
in the greenhouse for two days. Then the treatment was 
started (-Fe condition). The full-strength of modified 
Hoagland-Arnon solution contained 6.0 mM KNO3; 4.0 
mM Ca(NO3)2 ; 1.0 mM NH4H2PO4; 2.0 mM MgSO4; 

20.0 µM Fe3+-EDTA; 3 µM H3BO3; 0.5 µM MnSO4; 0.2 
µM CuSO4; 0.4 µM ZnSO4 and 0.05 µM H2MoO4, 

(Kawai et al., 1993). The –Fe medium was prepared by 
removing Fe3+-EDTA and substituting NH4H2PO4 with 
the same concentration of NaH2PO4 (Takagi 1993). The 
pH (6.5) of the solutions was adjusted daily with 1 M 
HCl and/or 1 M NaOH. The solutions were aerated 
throughout the experiment and the water level was 
maintained by adding deionized water. The nutrient 
solutions were renewed every week. The plants were 
grown up to 28 DAT (days after treatments). In this 
experiment the treatment was only –Fe modified solution 
of Takagi (1993). The typical photograph of –Fe 
experimental plants was presented in the Plate 1. 
 

 
Plate 1: Typical photograph of barley seedlings at 28 
DAT grown hydroponically in -Fe condition. 
 
Heating procedure (Barley in -Fe condition) 

For shoot, around 0.5 g and for root around 0.3 g 
samples were taken in 100 mL acid washed glass beaker. 
Almost 20 times HNO3 was added for each sample and 
was heated at 100ºC continuously for 10 hours on 
electric hot plate (National Electronics Company, Japan, 
Model-NF-HG 59). After cooling (over night 7 hours), 
the samples were again heated at 140ºC for 7 hours. After 
cooling (over night 7 hours), additional 5 mL HNO3 was 
added with one group and for other group 5 mL HClO4 

was added and again heated for 11 hours at 140ºC. Then 
the digested samples were cooled and were volume in 50 
mL volumetric flask and stored in 50 mL acid washed 
plastic bottle. 
 
Sample collection and preparation (Barley in -Fe 
condition) 

The plant samples were collected and washed with 
deionized water three times. Shoot and root were 
separated with sterilized scissor and dried at 55-60˚C for 
48 hours in electric oven. The oven dried plant samples 
were grinded properly in mortar with pestle to make it 
homogenous and then the samples were divided into two 
groups. One group was treated with HNO3-HClO4 acid 
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mixture (Piper, 1942) and the other group was treated 
with HNO3 acid only. For each group 4 replications were 
used. 
 
(2) Experiment 2:  
Seed germination (Rice in +Fe condition)  

Rice (Oryza sativa L. cv. Akihikari) seeds were 
surface sterilized with 2% chlorinated lime [Ca(OCl)2] 
for 45 minutes and rinsed with tap water continuously for 
1 hour. After washing, the seeds were wrapped between 
moistened towels and were kept in a seed growth 
chamber at 25˚C for 72 hours. Then the seeds were 
transferred on a net in a plastic seed box containing 2% 
CaCl2 for 9 days in the greenhouse. Then the seedlings 
were transferred in ½-strength nutrient solution for 
another 9 days. 
 
Plant culture (Rice in +Fe condition) 

When the seedlings were suitable for transplantation 
(18 days after germination, at 3rd leaf stage of the 
seedlings), the treatments were started with full-strength 
rice solution containing 1 mM NH4NO3, 1 mM K2SO4, 

0.8 mM MgSO4, 0.5 mM CaCl2, 0.5 mM NaH2PO4, 10 
µM MnSO4, 1 µM CuSO4, 1 µM ZnSO4, 3 µM H3BO3, 
0.05 µM H2MoO4 and 10 µM Fe3+-citrate. 5 plants were 
taken in one bunch and each bucket (10 liter) containing 
16 bunches. The treatments were T1 (control, containing 
full-strength solution), T2 (control + aeration), T3 (control 
+ 13.4 µM As), and T4 (control + 13.4 µM As + 
aeration). The pH (5.5) was adjusted daily with 1 M HCl 
and/or 1 M NaOH at around 16.00 hours during the 
experiment (22.09.2004 to 01.11.2004). The solution 
was renewed every weak and was not aerated. Basically 
experiment 2 was conducted to observe the effect of 
aeration on As in hydroponic culture up to 21 DAT but 
we collected the samples to verify the result of 
Experiment 1. The typical photograph of +Fe rice 
seedlings was presented in the Plate 2. 
 

 
Plate 2: Typical photograph of rice seedlings at 21 DAT 
grown hydroponically in +Fe condition. 
 
 

Sample collection and preparation (Rice in +Fe 
condition):  

After 21 DAT, 3 bunch were taken and the plants were 
washed with deionized water properly and separated into 
shoot and root with sterilized scissor and were dried for 
48 hours at 55-60˚C in electric oven. The samples were 
cut into small pieces suitable for digestion. 

Heating procedure (Rice in +Fe condition): The 
individual sample was taken in acid washed 100 mL 
glass beaker, 3 mL analytical grade H2SO4 was added 
and covered with glass coverer and heated at 100˚C for 
1.5 hours, at 140˚C for 1.5 hours and at 180˚C for 2 hours 
on an electric hot plate (National Electronics Company, 
Japan, Model NF-HG 59). After that the samples were 
cooled and 2 mL analytical grade H2O2 was added to the 
each sample and heated at 180˚C for 5 hours. The 
samples were kept for over night for cooling. In the 
following day another 3 mL H2SO4 and 2 mL H2O2 was 
added to the each samples and heated at 180˚C for 9 
hours continuously. At the last stage of the digestion, all 
the samples were clear. After cooling, the samples were 
volumes at 50 mL were transferred in 50 mL acid washed 
plastic bottle. This extract was used for mineral elements 
determination. 
 
Chemical analysis (Experiment 1 & 2):  

Potassium, Ca, Mg, Fe, Mn, Zn and Cu were 
determined with atomic absorption spectroscopy (AAS) 
(Hitachi 170-30, Japan) from the digested solution. 
Phosphorus was determined colorimetrically using a 
UV-visible spectrophotometer (model UV mini 1240, 
Shimadzu Corporation, Kyoto, Japan) at 420 nm 
wavelength after developing the yellow color with 
vanadomolybdate as described by Barton (1948) and 
Jackson (1962). 
 
Experimental design (Experiment 1 & 2):  

The experiments were a completely randomized block 
design with 4/3 replications. Data were subjected to 
ANOVA. Differences between means were evaluated 
using a Ryan-Einot-Gabriel-Welsch multiple range test 
(P = 0.05) (SAS Institute, 1988) using computer origin 5 
at Iwate University, Morioka, Japan. 
 
3. RESULTS AND DISCUSSION 
(1) Digesting capacity of HNO3 acid and 
HNO3-HClO4 acid mixture 

The concentration data of K, Ca, Mg, Fe, Mn, Zn and 
Cu were slightly higher or almost no change in shoot and 
root samples of HNO3-HClO4 digested samples as 
compared to only HNO3 acid digested samples (Fig. 
1bcd and 2abcd). However, the concentration data of P 
in HNO3-HClO4 digested samples were slightly lower as 
compared to only HNO3 acid digested samples (Fig. 1a). 
These higher or lower values were not significant 
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(p<0.05). In the case of K, Ca, Mg, Fe, Mn, Zn and Cu it 
could be said that, HNO3 acid could digest the samples in  
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Fig. 1 Comparison of concentration of (a) P, (b) K, (c) 
Ca and (d) Mg of barley seedlings digested with HNO3 

acid and HNO3-HClO4 acid mixture. Bars with same 
letters are not are not significantly different (p < 0.05). 
Ni-acid indicates HNO3 acid and Ni-per acid indicate 
HNO3-HClO4 acid mixture. 

better way in presence of HClO4 acid as compared to 
without HClO4 acid and gave the higher concentration 
data. In this experiment, slightly lower concentration of P 
was found in HNO3-HClO4 acid digested samples as 
compared to only HNO3 acid digested samples. This may 
be due to the fact that in presence of HClO4, oxidation of 
P might be little higher and evaporation loss of P might 
be occurred as compared to only HNO3 acid digested 
samples. Phosphorus may be lost as a volatile compound 
at the time wet digestion (Imamul Huq and 
Didar-ul-Alam, 2005).  
 
(2) Effect of LaCl3 on K measurement 

Potassium concentration was determined by diluting 
the samples 200 to 600 times with or without LaCl3. 

Magnesium was also determined from the samples 
containing LaCl3 both for shoot and root (data were not 
presented). It was observed that there was no significant 
difference of K concentration data between the samples 
of with or without LaCl3 solution (Table 1). The 
concentration of K was also measured to verify the result 
of the first experiment from the digested samples of As 
containing solution. It was also found that LaCl3 did not 
have any significant effect on K measurement (Table 2) 
and confirming the result of the first experiment. 
 
Table 1 Concentration of K (mg g-1) in presence or in 
absence of LaCl3 of –Fe barley seedlings 
 
 Shoot Root 
Solution  HNO3 HNO3+ 

HClO4 

HNO3 HNO3+ 
HClO4 

Without 
LaCl3 

82.42 A 87.97 a 58.73 B 62.25 b 

With 
LaCl3 

83.66 A 86.06 a 60.63 B 61.39 b 

Note: Means followed by same letters in each column are 
not significant (p = 0.05) according to 
Ryan-Einot-Gabriel-Welsch Multiple Range Test. 
 
Table 2 Concentration of K (mg g-1) in presence or 
absence of LaCl3 of +Fe rice plants  
 
Treat. Shoot Root 
LaCl3 without with  without with  
T1 47.32 a 48.85 a 32.94 A 33.09 A 
T2 49.94 b 48.37 b 34.13 B 35.55 B 
T3 41.96 c 44.38 c 29.21 C 29.48 C 
T4 45.96 d 45.97 d 34.28 D 34.32 D 
Note: Means followed by same letters in each row (for 
shoot or root individually) are not significantly different 
(p = 0.05) according to a Ryan-Einot-Gabriel-Welsch 
Multiple Range test. T1 (control, containing full-strength 
nutrient solution), T2 (control + aeration), T3 (control + 
13.4 µM As), T4 (control + 13.4 µM As + aeration).  
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(3) Effect of LaCl3 on Ca measurement 
The Ca concentration was also measured from the 

solution with or without LaCl3. Higher amount of Ca was 
found in LaCl3 containing solution both for shoot and 
root (Table 3). Shoot solution was diluted 20 times but 
the root solution was diluted 4 times in this case.  
 
Table 3 Concentration of Ca (mg g-1) in presence or 
absence of LaCl3 of +Fe rice seedlings 
 
Treat. Shoot Root 
DT  1 20  1 4  

T1 0.64 a 1.09 b 0.15 a 0.20 b 
T2 0.63 á 1.11 b́ 0.10 á 0.22 b́ 
T3 0.64 A 1.04 B 0.21 A 0.25 B 
T4 0.52 A ́ 1.31 B ́ 0.13 A ́ 0.30 B ́ 
Note: Means followed by same letters in each row (for 
shoot or root individually) are not significantly different 
(p = 0.05) according to a Ryan-Einot-Gabriel-Welsch 
Multiple Range test. DT (Dilution times), T1 (control, 
containing full-strength nutrient solution), T2 (control + 
aeration), T3 (control + 13.4 µM As), T4 (control + 13.4 
µM As + aeration).  
 

It is well known that when the plant samples are 
digested with a concentrated acid digester, the inorganic 
elements in plants tissues are available in solution like 
PO4

3-, K+, SO4
2-, Ca2+, Mg2+, Fe2+, Mn2+ , Zn2+and Cu2+. 

At this condition the pH of the solution is as below as 2 
and there is no precipitation of nutrient elements 
(Koshino, 1988). Above pH 2 (after dilution), the 
minerals in the solution may form complex with each 
other (Koshino, 1988) like Ca and Mg with P. When the 
diluted samples are passed through the tube of AAS, it is 
spilled up in presence of air pressure and reaches at the 
burner chamber where mist is formed in presence of 
acetylene gas and is burnt into flame (Koshino, 1988). In 
the flame, ion is transferred into atom. The samples 
containing Ca2+, Mg2+, PO4

3- and SO4
2- may form 

complexes like- CaSO4, Ca3(PO4)2, MgSO4 and 
Mg3(PO4)2. Thermal dissociation is one of the complex 
phenomenon occurred in the flame of atomic absorption 
without CaSO4, Ca3 (PO4)2, MgSO4 or Mg3 (PO4)2.  After 
adding 2% LaCl3 with the solution, LaCl3 may react with 
SO4

2- and PO4
3- of Ca and/or Mg and may form insoluble 

complex like La2 (SO4)3 and LaPO4. As a result Ca and or 
Mg may be free from those anions and the atoms could 
be measured. May be K does not form any complex with 
SO4

2- or PO4
3-

 in the flame and therefore, LaCl3 may not 
have any effect on K measurement. May be LaCl3 could 
free Ca from the insoluble complex as a result; higher Ca 
concentration was recorded in LaCl3 treated samples 
(Table 3). 
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Fig. 2 Concentration of (a) Fe, (b) Mn, (c) Zn and (d) Cu 
of barley seedlings digested with HNO3 acid and 
HNO3-HClO4 acid mixture. Bars with same letters are 
not are not significantly different (p < 0.05). Ni-acid 
indicates HNO3 acid and Ni-per acid indicate 
HNO3-HClO4 acid mixture. 
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After adding LaCl3 with the acid extract the probable 
reaction may be as follow 
Ca3 (PO4)2  +  2 LaCl3  ====== 2 LaPO4 +  3CaCl2 

Mg3 (PO4)2  + 2LaCl3 ====== 2LaPO4  +   3MgCl2 

3CaSO4    + 2LaCl3 ====== La2 (SO4)3     +   3CaCl2 

3MgSO4   + 2LaCl3 ====== La2 (SO4)3  +   3MgCl2 

(Insoluble) (Soluble)    (Insoluble)          (Soluble) 
 
4. CONCLUSION 

The results of the present study showed that there were 
no significant differences between the digesting 
capacities of HNO3 acid and HNO3-HClO4 acid 
mixtures. With the present heating procedure only HNO3 

acid could be used for the digestion of plant samples 
especially which contains elements, which determination 
could be affected by HClO4. Moreover, we found less P 
in HNO3-HClO4 acid digested samples as compared to 
only HNO3 acid digested samples. Therefore, it was 
suggested that only HNO3 acid is a good digester for P 
and may be for As containing samples also. It was also 
revealed that there was no significant difference of K 
concentration data between the solutions containing 
LaCl3 or without LaCl3 for both experiments. Therefore, 
it is suggested that the K can be measured from the LaCl3 

containing solution especially when the mother solution 
was diluted enough in this experiment. In this laboratory, 
K and Mg could be measured from the same solution if 
the solution is diluted appropriately.  
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Abstract: In India a leading News paper Times of India published an unconfirmed report citing the use of Country 
made Liquor by the farmers in the National Capital Region Gurgaon for the cultivation of Brinjal crop. It was 
reported that use of CML increased the production of Brinjal by 06to 08 times. The brinjal thus produced were 
reported to be of good quality and appearance. An experiment was conducted to study the seed germination and 
growth behavior of brinjal (Solanum melongena L.) with country made liquor under environmental conditions. 
Seeds of Solanum melongena L. var. BR 112, were sown at the depth of 2.5 cm. with different treatments i.e. S1 
(Control- Without Country made liquor 36 %V/V), S2 (Soil + 10% solution Spray of Country made liquor at 
intervals of 03 days  with original Concentration 36% V/V ). 1000 replicates of each treatment were used for the 
study. Total numbers of germinated plants were counted from each set of all treatments, at the interval period of 5 
days after sowing, and reported as emergence count. For growth study plant height, number of leaves, length and 
width of leaves and root length were measured from all the treatments. Result revealed that CML treated batch 
showed maximum germination% i.e. 700 plantlets from 1000 seeds then control i.e. 500 plantlets. After 20 days of 
Growth  plantlets also showed maximum plant height (7.1 cm.), number of leaves (4.5) length of leaves (2.5 cm.), 
width of leaves (2.6 cm.) and root length (4.3 cm.) in S2 treatment then control S1  plant height(6.5 cm), number of 
leaves(3.8), length of leaves(2.0 cm), width of leaves(1.0 cm ), root length(4.7 cm). [Nature and Science 
2010;8(5):163-166]. (ISSN: 1545-0740). 
 
Key Words: Solanum melongena BR 112, Country Made Liquor, Tharra. 
 
Introduction  

The eggplant, aubergine, begun, or brinjal, or 
baygan (Solanum melongena), is a plant of the family 
Solanaceae (also known as the nightshades) and genus 
Solanum. It bears a fruit of the same name, commonly 
used as a vegetable in cooking. As a nightshade, it is 
closely related to the tomato and potato and is native 
to India. One of the Sanskrit names of brinjal, vartaku, 
is considered to be a pre-Sanskrit word, derived from 
an ancient Indian language spoken by the Mundas or 
Austrics (one of the oldest inhabitants of India), who 
now live mostly in the state of Jharkhand. 

Brinjal is used in all over the world as an 
edible vegetable crop. Brinjal or egg-plant (Solanum 
melongena L) is one of the most commonly grown 
vegetable crops of solanaceae family in India. India, 
China, Turkey, Japan, Philippines are the major brinjal 
production countries. India contributes 6,44,3062 MT 
to the global production of brinjal and ranks 2nd to 
China (Thamburaj and Singh, 2003). In Uttarakhand 
hilly regions it is grown only in summer. As we know 
the population of India increases day by day and by this 
region the scarcity of food also increases. To fulfill all 
human needs or to meet the demand of today’s peoples, 
farmers generally used inorganic fertilizers to increases 

the quality and quantity of the crop. Although 
fertilizers increase the yield of crop but this create an 
adverse effect on consumer health and as well as on 
environment (Biswas and Mukharjee, 1994).  

        In this study BR 112 variety was chosen to see 
the effect of country made liquor on its productivity. 
This variety of Brinjal is grown widely in the National 
Capital Region of Delhi. Recently an Article in a leading 
News Paper (Times of India, Dated: Feb 22, 2010) 
published an unconfirmed report that farmers in and 
around Gurgaon are using C.M.L to increase the yield of 
brinjal crop. Farmers of every village growing the crop 
spray country-made as well as India-made foreign liquor 
(IMFL) on the soil and they claim that this practice not 
only results in better shape of the crop but also leads to 
increased yields. Farmers said that this practice of using 
alcohol had been going on for the past several years and 
that it ensured that there were more flowers on a brinjal 
plant thus boosting production.  
        We sprinkle alcohol in the soil right from the 
time we sow the seeds. In the last few years, it was 
observed that the brinjal crop yield had increased 
manifold. This study is focused on this aspect and to 
verify the effects of CML on seed germination and 
growth behavior of Solanum melongena BR 112 variety. 

http://en.wikipedia.org/wiki/Solanaceae
http://en.wikipedia.org/wiki/Solanum


Nature and Science                                                         2010;8(5)       

http://www.sciencepub.net/nature   naturesciencej@gmail.com 164 

This variety is largely grown in the National Capital 
Region of India and well adapted to the environmental 
conditions of this region. 

 
MATERIAL AND METHODS:  

The present study was carried out with the 
objective to evaluate the effect of Country made Liquor 
on seed germination, growth of Brinjal cultivar BR 112. 
Following treatments were used for the study:  
Control (Only Soil): S1  

Soil + Spray 10 % solution of Country made 
Liquor (Original Concentration 36 % V/V) at intervals 
of 03 days: S2  

1000 replicates for each treatment were used 
for the study. Some important descriptions of the layout 
are given below:  
Total number of seeds used in the experiment: 2000 
Number of plants used for each treatment: 1000  
Country made liquor used in S2 treatment: 36 % v/v 
 

The country made Liquor was sprayed before 
sowing of seed in S 2 treatment as well after every 03 
days of interval. There was no use of country made 
Liquor in S 1 treatment. Total numbers of germinated 
plants were counted from all treatments at interval 
period of 5 days after sowing and reported as 
emergence count. Plant growths were observed with 
different parameters i.e. plant height, number of leaves, 
length and width of leaves and root length. Ten normal 
seedlings were randomly taken at the end of the 
germination count for the study of plant height (shoot 
length); length and width of leaves were measured in 
cm. The no. of leaves was counted after 20 days of 
germination. Three plants of each treatment were 
randomly selected to measure the root length, which 
were already used to measure the other growth 
parameter, and the mean values were arrived at 
different growth stages.  
 

• Country Made Liquor (CML) Tharra is 
locally brewed alcoholic drink, or moonshine; 
from yeast fermentation of sugarcane, or 
wheat husk; in regions of northern India 
especially Bihar, Uttar Pradesh, Punjab, Nasik 
(Maharashtra) and Haryana. Due to the 
pungent smell of the distilling 
process, Tharra is often prepared in remote 
fields, away from human settlements. It 
recycles some of the waste products of 
agricultural economy of the region. It is often 
consumed by poor or landless tillers as well as 
migrant laborers. It is typically distilled with 
connivance of officials and police officers, 
generating huge profit margins. 

 

RESULT:  
 
Germination Study: The germination was influenced 
by different treatments. Result shows that the 
maximum number of seedling emergence was in S2 
treatment, which contains CML, in contrast to followed 
by S1 (Table-1). 
  
Growth Study:  
Plant height: Maximum plant height was recorded in 
S2 treatment, at 20 days after sowing which are higher 
than S1.  
 
Number of leaves per plant: Number of leaves was 
recorded higher in S2 treatment in contrast to S1. (At 
27 days after sowing).  
 
Length & Width of leaves per plant: The leaf length 
and width were recorded up to 27 days after sowing of 
seeds in all the treatments. The length and width of 
green active leaves in S2 treatment is much higher than 
S1. 
  
Root length: Three plants of each treatment were 
randomly selected to measure the root length, which 
were already used for other growth parameter. The root 
length in S2 treatment was recorded higher than all 
other treatments i.e. S1. 
  
DISCUSSION:  
        The result of this investigation shows that the 
effect of the CML has been very much pronounced. 
The number of germinated seeds is 20% more in CML 
treated soil, plant height, Number of leaves, leave 
width is also more in CML treated soil. 
        Day by day the use of CML has increased 
rapidly, in all Brinjal growing fields of National Capital 
Region of Delhi, India. Farmers are using CML in 
more quantity to increase the yield and economy, now 
the use of these is 6 to 8 times more than the time was 
first reported and growing with every passing season of 
Brinjal. The use of the CML, affect the soil as well as 
the crop characteristics and the product from the crop is 
also influenced. How CML influences the soil, seed 
germination and growth of the Brinjal plant is a matter 
of extensive research. 
  
        The main advantage of CML is that it doesn’t 
pollute the soil and not give any negative effect to 
environment because of its biodegradable nature. Also 
the effect of CML on other crops can be studied. 
Because of the use of CML is very cost effective. The 
farmers reported that though the cost of production has 
increased a little, the high yield makes up for it as far 
as Brinjal is concerned. 
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Conclusion: 
 
        The results are quite promising and we are 
very much optimistic about future of this study. 
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Table: 1. Effect of different treatments on germination:  
 

Germination counts (%)   Treatments  

1-5 DAYS  5-10 DAYS  10-15 DAYS  15-20 DAYS  TOTAL 

S1  0  200 100 200 500 

S2  0  200 300 200 700 

 
Table: 2. Effect of different treatment on Seedling growth:  
 

S.N  Treatment  Plant height  No. of 
leaves  

Length of 
leaves  

Width of 
leaves  

Root length  

1.  S1  6.0 ±0.5  3.0 ±0.8  1.53 ±0.5  0.9 ±0.1  4.05 ±0.7  

2.  S2  7.0 ±1.0  4.0 ±0.5  2.0 ±0.5  2.0 ±0.6  4,0 ±0.3  
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ABSTRACT: Floating inductor circuits using minimum number of passive elements namely two resistors 
and one capacitor is reviewed in this paper. All the circuits considered in this paper are floating. Previously 
reported non-floating circuits are modified to be floating and new floating circuits are introduced as well. 
The active elements used in this paper are floating conveyor building blocks as well as pairs of non-floating 
conveyor blocks acting as a floating pair. Simulation results of second order lowpass filters realized using 
different types of floating inductors are included. [Nature and Science 2010;8(5):167-180]. (ISSN: 1545-
0740).  
 
Keywords: Floating inductors, current conveyors, gyrator, DVCC, FDVCC. 
 
 
1. INTRODUCTION  
   The classification of active RC circuits 
simulating floating inductors was given in [1]. The 
floating inductor circuits reported in [1] employ 
the operational amplifier (Op Amp) or the nullor 
element [2] known also as the operational floating 
amplifier (OFA) [3] as the active building block. 
Detailed derivation of the admittance matrix 
equation of different types of gyrators was given in 
[1]. A single Op Amp gyrator realization was 
introduced in [4]. Gyrator realization using two 
second generation current conveyors (CCII) with 
opposite Z polarities was introduced in [5].The use 
of single CCII- in realizing non-ideal inductor was 
first introduced in [6] followed by a single CCII+ 
gyrator circuit [7]. 
Simulated ideal floating inductors using CCII and 
transconductance amplifiers (TA) was classified 
and reviewed in [8] and new CCII floating gyrator 
circuits were given. 
Most recently generation method of floating ideal 
inductors based on using nodal admittance matrix 
(NAM) expansion [9-10] was introduced in [11].   
This paper concentrates on the realization of 
floating inductors using floating gyrator circuits 
and a single capacitor. The total number of 
resistors in each of the gyrator circuits considered 
is limited to two resistors.   

 
2. GENERALIZED INDUCTOR 
CONFIGURATIONS 
 
   Figures 1(a) and 1(b) represent the two 
generalized configurations defined as types A and 
B realizing floating inductors in accordance with 
the classification given in [1]. The circuit shown in 
Figure 1(a) includes two general cases depending 
on the summation of the four currents. 
If the summation I1+ I2+ I3+ I4 is not zero the 
circuit is not floating. On the other hand a 
necessary condition that the circuit is floating is 
given by [1]: 
 
I1+ I2+ I3+ I4 = 0                                     (1) 
 
Most of the floating inductor circuits that belong to 
the generalized configuration shown in Figure 1(a) 
in which the capacitor is grounded are not floating. 
Table 3 in [8] includes nine gyrator circuits that 
belong to this case. 
Six generalized configurations that belong to type 
A, and realize floating inductors satisfying the 
condition of equation (1) are given in this paper. 
Six generalized configurations that belong to type 
B are also given in this paper.  
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Figure 1(a) Generalized Type A configuration 
 

 
 

Figure 1(b) Generalized Type B configuration 
 
 
The first active building block that is used in the paper is the generalized conveyor (GC) defined by the 
following matrix equation: 
 
 

  

Y Y

X X

Z Z

I 0 0 0 V
V = a 0 0 I
I 0 K 0 V

     
     
     
          

                                                                                    (2) 

 
 
 The parameter a determines the type of the GC, a CCII is realized if a =1 and ICCII is obtained if a = –1. 
The parameter K determines the Z polarity of the GC, for Z+ the parameter K =1 and for Z– the parameter 
K = –1.  
The GC includes four different types; the CCII– and the ICCII– are floating whereas the CCII+ and ICCII+ 
are not floating. The CCII+ and ICCII+ although non-floating can also be used in realizing floating circuits 
provided they are used in pairs as will be demonstrated in the next section. 
Table 1 includes a summary of the floating conveyor building blocks that will be used in this paper.  
 

3.    TYPE A INDUCTOR CIRCUITS  

    In this section six floating circuits realizing floating inductors satisfying the condition of equation (1) 
and using two resistors and one capacitor are given. 
 
 
 

C
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Table 1 Floating building blocks used in the paper 

  
Conveyor 
 

Definition Floating Building Block Symbol 

 
 
CCII- [5] 

 

Y Y

X X

Z Z

I 0 0 0 V
V = 1 0 0 I
I 0 1 0 V

     
     
     
     −     

 

 
 
 
ICCII-[12] 

 
 

Y Y

X X

Z Z

I 0 0 0 V
V = 1 0 0 I
I 0 1 0 V

     
     −     
     −     

 

 
 
 
 
DVCC-  [13] 

 
 

Y1 Y1

Y2 Y2

Z- Z

x x

-

V 0 1 1 0 I
I 0 0 0 0 V
I 0 0 0 0 V
I 1 0 0 0 V

−     
     
     
     
     −     

=  

 
 
 

FDVCC 
[New] 

 
X

Y1

Y2

Z+

Z1

Z2

  

1   0    0     0    0

0    1  1    0    0     0V
I 0    0     0    0    0     0
I 0    0     0    0    0     0
I 1    0     0    0    0     0
I 1  0    0     0    0    0
I

− 
 
 
 
  =
 
 
 
 −  −

− −

X

Y1

Y2

Z+

Z1

Z2

I
V
V
V
V
V     0  

   
   
   
   
   
   
   
   
  −  

−

 
 

 
 
 
3.1. Four Generalized Conveyor Circuit 
 

The configuration shown in Figure 2 using four nullors was first reported in [1]. The generalized 
configuration using four CCII+ realized from operational  amplifiers (Op Amps) together with current 
mirrors was first reported in [14] and republished in [15] with a comment given in [16]. The generalized 
configuration using four CCII– (equivalent to four nullors) was reported in [8]. The same generalized 
configuration using four ICCII– was reported in [17]. 

The circuit shown in Figure 2 employs four GC and a necessary condition for V1 and V2 to appear 
in a subtraction form is that a1 = a2. A necessary condition for the circuit to be floating is that K1 = 
K2.These two conditions imply that GC1 and GC2 must be matched.  
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 X  Z2– 
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Figure 2. A floating inductor using four generalized conveyor  

 
A necessary condition for the current I1 to equal to –I2 is that K3 = K4. 
Although a3 can be either 1 or –1 and has no effect on circuit operation it is taken equal to a4 for a 
symmetrical circuit. Therefore GC3 and GC4 are taken to be matched. 
 By direct analysis it can be shown that: 
 
 

1 1 3 3
1 21 2 =

1 2
V VI = I  [a K a K ]sCR R−

−
                                                                                          (3)                                        

 
 
A necessary condition for a floating inductor realization is that a1K1a3K3 must be +1. Eight possible 
conveyor realizations are given in Table 2 that satisfies this coefficient condition. It is seen that this 
approach of analysis resulted in five new conveyor circuits. 
 
 
3.2     DVCC– and Two CCII– Or Two ICCII– Circuits 
 
The circuit shown in Figure 3(a) is a modified version of the newly reported DVCC and two CCII+ circuit 
shown in Figure 14 of [11] by replacing the two CCII+ by two CCII– .The circuit is floating since IG is zero 
and it realizes a floating inductor given by CR1R2.   
Figure 3(b) represents a second equivalent floating circuit which uses two ICCII– instead of the two CCII– 
in Figure 3(a). 
 
3.3     Two Floating DVCC Circuits 
 
The two floating circuits shown in Figure 4 are new and they are obtained from the newly reported circuit 
shown in Figure 16 of [11]. The circuits employ the DVCC– and the newly defined floating DVCC 
(FDVCC) given in Table 1.  
The third circuit is shown in Figure 5 is a modified version of the floating inductor circuit proposed in [18] 
by using the FDVCC instead of the DVCC+ in [18].   
The three circuits shown in Figures 4 and 5 are floating since IG is zero and each realizes a floating inductor 
given by CR1R2.  
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Figure 3(a) A floating inductor using a DVCC and two CCII- [11] 
 

 
 
                     Figure 3(b) Alternative floating inductor using a DVCC and two CCII- 
 
 

 

    4.    TYPE B INDUCTOR CIRCUITS  

      The circuit shown in Figure 6(a) is a modified version of the circuit of Figure 2. It was introduced in 
[1] using four nullors and in [19] using four CCII– or four CCII+, it was also reported in [8] using four  
CCII–.The GC1 and GC2 must be identical types; also GC3 and GC4 must be identical types. The types of 
conveyors given in Table 2 apply to this floating circuit also.   
An alternative generalized configuration realizing a floating inductor is shown in Figure 6(b). The GC1 and 
GC2 must be identical types; also GC3 and GC4 must be identical types. By direct analysis it can be shown 
that: 
 

1 1 3 3
1 21 2 = 

1 2
V VI = I  [a K a K ]sCR R− −

−
                                                                                        (4)                                    
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A necessary condition for a floating inductor realization is that a1K1a3K3 must be − 1. Eight possible 
conveyors realizations are given in Table 3 that satisfies this coefficient condition. It is seen that seven new 
circuits are generated based on this circuit topology. 
 
 

 
 

Figure 4(a)  
 

 
4(b) 

                                   Figure 4 Two floating inductor circuits using DVCC and FDVCC [11] 
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Figure5 A modified floating inductor using DVCC and FDVCC [18] 
 
 

 
 

Figure 6(a) A floating inductor using four generalized conveyors [19] 
 

Figure 7(a) represents a floating inductor circuit using two CCII+ and one CCII– [20]. This is among the 
four floating gyrator circuits reported in [8]. A new modified floating inductor circuit using two ICCII– and 
one CCII–is shown in Figure 7(b).  
Figure 8(a) represents a modified floating inductor circuit to the two DVCC circuit reported in [21] using 
two FDVCC in order to have a floating circuit with IG equal to zero. An alternative new equivalent circuit 
is shown in Figure 8(b). Both circuits realize an inductor of magnitude CR1R2. 
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Figure 6(b) Alternative floating inductor using four generalized conveyors 

 

 
Figure 7(a) A floating inductor using two CCII+ and one CCII– [20] 

 

 
 

Figure 7(b) A new floating inductor using two ICCII– and one CCII– 
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Figure 8(a) A modified floating inductor using two DVCC [21]. 

  

 
Figure 8(b) Alternative modified floating inductor using two DVCC. 

 

 
 

Figure 9 CMOS circuit of the floating DVCC [21] 
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    5.    SIMULATION RESULTS 
 
The CMOS circuit realizing the FDVCC is obtained directly from the well known DVCC [21] by adding 
the two MOS transistors M19 and M20 as shown in Figure 9. 
The transistor aspect ratios are given in Table 4 based on the 0.5µm CMOS model from MOSIS. The 
supply voltages used are ± 1.5 V and VB1= –0.52 V and VB2 = 0.33 V. 
This circuit will be used in the following simulations to realize different types of conveyors.  
As an application of some of the floating circuits reported, a floating inductor of magnitude 0.253 m. H is 
realized taking the capacitor C =100pFand R1 = R2 = 1.59 kΩ. The floating inductor is used to realize a 
maximally flat (Q=0.707) second order low-pass filter with cutoff frequency of 1MHz using a series 
resistor of RS = 2.25 kΩ and CS of 100pF. 
Figure 10(a) represents the simulated magnitude and phase responses together with the ideal responses 
using the inductor circuit of Figure 2 with four ICCII+. 
Figure 10(b) represents the simulated magnitude and phase responses together with the ideal responses 
using the inductor circuit of Figure 3(a).  
Figure 10(c) represents the simulated magnitude and phase responses together with the ideal responses 
using the inductor circuit of Figure 5.  
Figure 11(a) represents the simulated magnitude and phase responses together with the ideal responses 
using the inductor circuit of Figure 6(b) with four ICCII+. 
Figure 11(b) represents the simulated magnitude and phase responses together with the ideal responses 
using the inductor circuit of Figure 7(b).  
Figure 11(c) represents the simulated magnitude and phase responses together with the ideal responses 
using the inductor circuit of Figure 8(b).  
 
Table 2 Eight alternative conveyor circuits based on Figure 2 
  

Ref GC3,GC4 GC1,GC2 K3, K4 a3, a4 K1, K2 a1, a2 Circuit 
14–16 CCII+ CCII+ + + + + 1 

   1, 8 CCII– CCII– – + – + 2 
New CCII+ ICCII– + + – – 3 
New ICCII– CCII+ – – + + 4 
New ICCII+ ICCII+ + – + – 5 
New CCII– ICCII+ – + + – 6 
New ICCII+ CCII– + – – + 7 
17 ICCII– ICCII– – – – – 8 

 
 
Table 3 Eight alternative conveyor circuits based on Figure 6(b) 
 

Ref GC3,GC4 GC1,GC2 K3, K4 a3, a4 K1, K2 a1, a2 Circuit 
8 CCII+ CCII– + + – + 1 

New CCII– CCII+  – + + + 2 
New CCII+ ICCII+ + + + – 3 
New ICCII+ CCII+ + – + + 4 
New ICCII– CCII– – – – + 5 
New ICCII– ICCII+ – – + – 6 
New CCII– ICCII– – + – – 7 
New ICCII+ ICCII– + – – – 8 

 
 
6.    CONCLUSIONS 
 
      Realization of ideal inductor circuits using different types of conveyor building blocks is reviewed. 
Two types of inductor circuits are defined as was originally classified in [1]. The FDVCC is defined and is 
used in several circuits in this paper. Spice simulation results are given. Although this paper is partially a 
review paper it includes several new floating circuits 
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Figure 10(a) Simulation results of a lowpass filter using L of Figure 2 

 
 

 
Fig 10(b) Simulation results of a lowpass filter using L of Figure 3(a) 

 
Fig 10(c) Simulation results of a lowpass filter using L of Figure 5 
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Fig 11(a) Simulation results of a lowpass filter using L of Figure 6(b) 

 

 
Fig 11(b) Simulation results of a lowpass filter using L of Figure 7(b) 

 

 
Fig 11(c) Simulation results of a lowpass filter using L of Figure 8(b) 
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Table 4  Transistor aspect ratios of the FDVCC of Figure 9 

MOS Transistors W(µm)/L(µm) 

M1, M2, M3,M4  8/1 

M5 , M6 8/1 

M12, M13, M14, M15, M16, M17 20/2.5 

M7, M8 10/1 

M9, M10, M11, M18, M19, M20  40/2  
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Abstract: This study was conducted to evaluate the effect of a probiotic mixture and chromium as food supplementation on
broiler chicks’ performance. The experiment was conducted, to determine the effect of a probiotic mixture (BiovetYC) and
chromium chloride supplementation on growth performance, carcass traits and immune response against Avian Influenza
virus from 0- to 42-d-old broiler chicks as well as to determine the anti-stress effect of the dietary probiotic mixture and
chromium chloride supplementation on broiler chicks (0-42days old) when subjected to high stocking density (15 birds/m2

in open-system) as a stress factor. Growth performance, carcass traits and Avian Influenza immune response were recorded.
At 42-d of age, 50 birds were randomly selected from each group for blood samples collection and slaughtered for carcass
traits. Stress indicators in blood (cortisol and L/H ratio) were measured. The current results revealed: (1) The activation
effect of the probiotic mixture on growth performance (2) Chromium chloride supplementation improves growth
performance, carcass traits, and immune response and had a strong anti-stress effect. [Nature and Science
2010;8(5):181-189]. (ISSN: 1545-0740).

Keywords: Functional food; Performance; Immune response.

1. Introduction
The microbial populations in the gastrointestinal

tracts of poultry play a key role in normal digestive
processes and in maintaining animal health. In Greek
probiotic means “for life” and can be defined as a
live microbial feed supplement, which beneficially
affect the host animal by improving its intestinal
balance (Huang et al., 2004). The inclusion of
probiotics in foods is designed to encourage certain
strains of bacteria in the gut at the expense of less
desirable ones. The use of probiotics, yeast cultures
and acidifiers in poultry feeds generated because of
increased public awareness and objection to the use
antibiotics as growth promotant feed additive.

The combine use of lactobacillus and yeast
cultures in the feed and water has been shown to be
effective in reducing morbidity and mortality and
improving growth performance and production.
(Choudhari, et al; 2008). Live yeast culture (S.
cerevisiae) plus lactic acid producing bacteria (L.
acidophilus and S. faecium) was supplemented in
broiler (1 kg/ton) and the results showed improved
weight gain and feed conversion. With laying hens
lactobacilli resulted in an improvement in egg
production and feed efficiency (Mohan et al., 1996).
In commercial broilers the inclusion of L.sporogens
@100 mg/kg feed resulted into increased body
weight gain, improved FCR and humoral immune
response in broiler chicks during 0-6 weeks of age
(Panda et al ., 2005). Over the last several years
considerable attention has been given. The

mechanism of action of probiotics had not been fully
explained although there are several hypotheses. The
health-promoting effect of probiotics in the
gastrointestinal tract had been mainly associated with
their capacity to stimulate the immune response and
to inhibit the growth of pathogenic bacteria. (Barnes
et al., 1972 and Gérard et al., 2008), as well as to
modulate the immune markers (Dekker et al., 2007).
Lactobacillus administration had been shown to
enhance nutrient absorption, improve growth rates
and feed conversion in broiler chickens (Kalavathy et
al., 2003).

On the other hand, with the success of the Human
Genome Project and the advances in molecular
biology, a new discipline, namely nutrigenomics, in
the field of nutrition research has emerged (Kaput
et al., 2007). The goal of nutrigenomics -- short for
nutritional genomics -- is to develop foods and feeds
that can be matched to genotypes of animals to
benefit health and enhance normal physiological
processes. Chromium has been demonstrated to
enhance the expression of plasmalemmal
calcium-ATPase in smooth muscle cells; it is possible
that chromium may influence calcium homeostasis
by increasing the calcium storage capacity through
up-regulation of calsequestrin (Moore et al., 1998).

The intriguing possibility that supplementation
chromium increased longevity and retarded aging by
improving immune function and enhancing resistance
to infectious diseases is being investigated (Burton et
al., 1996). Currently, the predominant hypothesis on
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the Cr (III) action is the chromodulin-mediated role
on the insulin-activated glucose uptake by cells.
(Hamilton and Wetterhahn, 1986 and EFSA, 2009).
Besides the effects on blood glucose clearance, Cr(III)
via insulin action is thought to participate also in the
protein metabolism by stimulating the amino acids
uptake by cells (Evans and Bowman, 1992).

In poultry, studies using supplementation with
Cr-picolinate, Cr-yeast and Cr-nicotinate at doses up
to 0.8 mg Cr kg-1feed did not show consistent effects
on performance and carcass traits in chickens or
turkeys for fattening (Lee et al., 2003 and Debski et
al., 2004). Piva et al. (2003), could not show adverse
effects in laying hens fed with a basal diet containing
3.4 mg Cr kg-1 feed after a five-week
supplementation with 24.1 mg Cr kg-1 feed from
Crchloride,36.3 mg Cr kg-1 feed from yeast and 47.5
mg Cr kg-1 feed from aminoniacinate,respectively.

Similarly to cattle, birds under stress conditions
tend to show reduced mortality. The only relatively
consistent effects of Cr (III) supplements occur in
serum lipid profile and reduced egg cholesterol.
(Lindemann, 2007).

The aim of current study was to examine the
effects of a probiotic mixture as functional-food and a
trivalent chromium chloride as nutrigenomics
additives on growth performance (feed intake, body
weight gain , food conversion rate), carcass traits
(dressing %, liver somatic indices), immune response
( against AIV) and stress conditions( high stocking
density) in broiler chickens.

2 - Materials and Methods
These experiments were conducted from January

to March of 2009. A total 2700 of commercial one
day-old Hubbard chicks of both sexes were used. All
pens contained litter top-dressed with 10 cm of clean
wood shavings. The broiler chicks had ad libitum
access to feed in mash form and water for the
duration of the experiment .The chicks were brooded
between 31 and 32°C on wk 1, and the temperature
was lowered gradually each week until 24 to 27°C
was achieved. The 2-phase feeding program consisted
of starter, and finisher diets (Table 1) fed from 0 to 21,
and 22 to 42.

The experiment was conducted to determine the
effect of a probiotic mixture (Biovet) and chromium
chloride supplementation on growth performance,
carcass traits and AI immune response of broiler
chicks (0-42-d-old) also, to determine the anti-stress
effect of the dietary probiotic mixture and chromium
chloride supplementation on broiler chicks when
subjected to high stocking density (15 birds/m2 in
open-system) as a stress factor. The experiment was
consisted of 6 treatments x 3 replication, each 150
broiler chicks of both sexes per pen.

Table 1. Composition of basal diets (%)
Ingredients Starter

(0 – 21 d)
Finisher

(22 – 42 d)

Yellow corn
Corn gluten
Soybean meal
Soy oil
Dicalcium
phosphate
Lime stone
Common salt
DL-Methionine
L-lysine
Broiler premix1

50.86
5.00
35.0
5.80
2.50

0.13
0.33
0.05
0.03
0.30

58.66
3.00
30.00
5.00
2.50

0.13
0.33
0.05
0.03
0.30

Nutrient Profile:
ME (kcal/kg)
Crude protein%
C / P ratio
Crude fat%
Crude fibre%
Total ash%
Calcium%
Non-phytate
phosphorus%

3184.21
22.82
139.5

7.3
4.3
6.1
0.9
0.46

3187.81
20.00
159.4

6.1
4.8
6.2
0.9

0.48

1 Supplied per kilogram of diet: vitamin A, 10000 IU;
vitamin D3 , 9790 IU; vitamin E, 121 IU; B12, 20 µg;
riboflavin, 4.4 mg; calcium pantothenate, 40 mg;
niacin, 22 mg; choline, 840 mg; biotin, 30 µg; thiamin,
4 mg; zinc sulfate, 60 mg; manganese oxide, 60.

On 0-d, chicks were randomly divided into 18
floor pen groups containing 150 birds each. Mortalities
were recorded daily, and the weights of the dead birds
were recorded weekly to adjust gain, feed consumption
(feed intake, and gain: feed) and body weights .At 42-d
of age, 50 birds were randomly selected from each
group for blood sample collection and slaughtered for
evaluation of carcass traits, stress indicators in blood
(cortisol and L/H ratio). All chicks were s\c immunized
with killed vaccine of Avian Influenza (H5N1) virus at
age of 7 days (each chick was given 0.05 mL of
vaccine). On day 21, 28, 35 and 42, blood samples were
collected from the wing vein of 15 chicks per the two
replicates and serum antibody titer against Influenza
(H5N1) virus were determined by Haemagglutination
Inhibition (HI) test and were expressed as logarithm
base 2 (OIE,2005).

Experiment
This experiment was conducted to:
1- Evaluate the effect of a probiotic mixture and
chromium chloride supplementation on growth
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performance, carcass traits and AI immune response
of broiler chicks in 0-42-d-old commercial broilers.
The supplemented and non-supplemented diets were
assigned to be isocaloric and isonitrogenous. All
groups were stocked at 10 birds/m², group A
consumed non-supplemented diets and served as a
negative control group. Group B fed on probiotic
mixture supplemented diets and served as a
positive control group. Group C fed on chromium
chloride supplemented diets with 10 birds/m2 and
served as a positive control group. Probiotic mixture
was used in the diet to provide 5 g/kg. Chromium
chloride was included in the diet to provide 200 ppm
(0.2 g/kg) supplemental.
2- To determine the anti-stress effect of the dietary
probiotic mixture (Biovet) and chromium chloride
supplementation on broiler chicks in 0- to 42-d-old
broilers and stocked at 15 birds/m2 as a stress factor.
Group D consumed non-supplemented diets with 15
birds/m2 and served as a negative control group.
Group E fed on probiotic mixture supplemented diets.
Group F fed on chromium chloride supplemented
diets with 15 birds/m2.

Probiotic
A commercially available probiotic mixture (Biovet)
was used. Each kg of the probiotic mixture contains a
combination of Lactobacillus sporogenes (75x108

c.f.u.), Lactobacillus acidophilus (330x109 c.f.u.),
Saccharomyces cerevisiae 125x109 c.f.u.), alpha-
amylase 5 g and sea weed powder 100g. Biovet is a
commercial feed additive used by an inclusion rate of
500 g/tone and marketed by WOCKHARDT Limited,
Mumbai, India.

Chromium chloride
Chromium chloride (anhydrous Merck-Germany)
was used in the diet in the rate of 200 mg/kg in basal
diet (NRC, 1997 and Ahmadi et al., 2004).

Basal diets
Corn-soybean meal based diets (Table 1) as mash
form were formulated to meet the nutrient
requirements of broilers (NRC, 1994). Feed and
water were provided ad-libitum during the entire
experimental period (42 d).

Growth performance
Feed consumption (FC) throughout the experimental
period (6 wks), feed efficiency (FE), and final Live
body weight (LBW) as well as body weight gain
were determined for each group separately (Feddes et
al., 2002).

Immune response
Hemagglutination (HA) and Hemagglutination

Inhibition (HI) tests. The recommended method use
V-bottomed micro well plastic plates were applied. In
which the final volume for both types of HA and HI
test was 0.075 ml. The reagents required for these
tests are isotonic PBS (0.1 M), pH 7.0-7.2 and RBCs.
Positive and negative control antigens and antisera
should be run with each test. The test was applied to
quantify AIV antibodies in chicken sera according to
OIE (2005).

Carcass traits
Carcass yield (dressing %) was obtained by
expressing the dressed carcass weight as a percentage
of live body weight (Brake et al., 1993). The birds
were then processed by removing the head, neck,
shanks and feet, and eviscerated by cutting around
the vent then carefully removing the viscera.

Haematological analysis
Blood samples were collected from randomly
selected 50 birds from each group at the end of the
experimental period and the number of heterophils
and lymphocytes were determined using the
haemocytometer method. Also the plasma cortisol
level was determined (Gross and Siegel, 1983)

Statistics analysis
All data were statistically analyzed using SPSS®

version 11.0 software for personal computer (2005).
Means were compared by the Post-Hoc test.

3- Results

Growth performance

Results in group A,B and C, showed that addition
of the probiotic mixture and chromium chloride
supplementation improved significantly (P<0.05)
performance (feed gain and feed conversion),
increase immune response and carcass traits in group
B and C compared with group A. Broiler chicks in
group C recorded highest performance, immune
response and carcass traits compared with group B.
The highest performance (growth rate and feed
efficiency) noticed in group C post Cr
supplementation. Results in group D, F and E
(Anti-stress) showed that, the lowest performance
parameters and highest feed conversion (P<0.05)
were recorded in the high stocking density group D,
which consumed non supplemented diets.
Furthermore, BiovetYC affected positively the
chicken performance under the stress of high
stocking density in group E and the bird performance
parameters recorded in that group were significantly
different from those in the control group D.
Immune response

Antibody titers against Influenza virus (H5N1)
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are shown in Table 4, at age 21 days, antibody titer
was significantly affected by supplemental chromium
and probiotic mixture (groups C and B respectively)
in comparison with group A (P < 0.05). At age 28
and 35 days, chicks in group C were showed a highly
significant improvement of antibody titers against
Influenza virus (H5N1) (P < 0.05).

Carcass traits
Table 5 demonstrated the results of dressing, liver
weights and their percentages of live body weights
(somatic index). Dressing weights were improved
significantly (P<0.05) versus group A with
chromium and probiotic supplementation in groups B
and C. The highest carcass traits (P<0.05) were
recorded with chromium supplementation in group C.
These results confirmed that chromium
supplementation had a benefit health effect and
enhanced normal physiological processes.

Dressing weights were improved significantly in
groups B and C (P<0.05) versus group A with

chromium and probiotic supplementation. Group E
recorded significant difference (P<0.05) compared
with the control negative group D.The highest
carcass traits (P<0.05) were recorded in the high
stocking density group F, which consumed chromium
supplemented diets. These results revealed that the
chromium used had strong anti-stress effects and
thereby the overcrowded conditions in group F which
did not negatively affect carcass traits of broiler
chickens.

Stress indicators
Blood Stress indicators in (Table 6) significantly

increased (P<0.05) in group D, while there was no
significant difference between the other groups
Conclusively; the present research showed: (1) the
activation effect of the probiotic mixture on growth
performance and stress (2) Cr3+ supplementation
improved aspects of growth performance, carcass
traits, immune response and has a strong anti-stress
effect.

Table 2. Effect of the dietary supplementation of probiotic mixture and chromium chloride on weekly body weight,
feed intake, body weight gain and feed conversion factor (FCR) in broiler chickens (mean+SD)
Age (d) Group A Group B Group C

7
Body weight (g/bird)
Feed Intake (g/bird)
Body weight gain (g/bird)
FCR

138.50+2.7
127.21+4.5
98.5+1.87
1.29

142.33+3.9
126.51+6.40
100.34+1.68
1.25

148.8+3.3
127.14+5.2
100.12+1.82
1.25

14
Body weight (g/bird)
Feed Intake (g/bird)
Body weight gain (g/bird)
FCR

385.87+3.5 a

365.4+6.7 a

247.37+7.5 a

1.48

404.1+4.8 b

374.3+7.50a

263.76+5.13 b

1.41

407.1+4.8 b

374.3+7.50 a

263.76+5.13 b

1.40

21
Body weight (g/bird)
Feed Intake (g/bird)
Body weight gain (g/bird)
FCR

720.45+4.65 a

557.2+8.84
334.58+2.18a

1.67 a

823.43+6.12 b

563.81+2.93
423.33+4.14 b

1.34 b

840.42+4.5 b

564.90+2.14
434.84+5.82 b

1.31 b

28
Body weight (g/bird)
Feed Intake (g/bird)
Body weight gain (g/bird)
FCR

1095.00+9.84a

884.60+8.93 a

375.0+4.44 a

2.36

1124.50+5.72b

718.80+124.24 b

305.07+8.50 b

2.39

1174.50+7.38 b

867.30+10.65 a

355.08+13.68 c

2.32

35
Body weight (g/bird)
Feed Intake (g/bird)
Body weight gain (g/bird)
FCR

1654.20+6.80a

877.10+6.65
559.20+9.76 a

1.57

1720.23+10.10 b

864.9+8.82
609.73+12.90b

1.45

1835.78+6.45 c

876.68+10.43
582.29+4.19 a

1.44

42
Body weight (g/bird)
Feed Intake (g/bird)
Body weight gain (g/bird)
FCR

2000.5+20.92 a

675.35+13.74 a

346.30+16.87 a

1.95 a

2160.45+14.00 b

818.57+14.77b

446.27+15.50 b

1.85 b

2202.88+24.58 b

825.86+23.52 b

467.07+22.86 b

1.81 b

Total
Body weight (g/bird)
Feed Intake (g/bird)
Body weight gain (g/bird)
FCR

2000.5+20.92 a

3486.86+17.89
1960.5+8.17 a

1.78 a

2160.45+14.00 b

3449.87+13.37
2118.48+16.24 b

1.61 b

2242.88+25.66 c

3492.13+24.08
2287.85+16.34 c

1.58 b

Figures in the same row with different letters are statistically significan tly different (P<0.05)
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Table 3. Effect of the dietary supplementation of probiotic mixture on weekly body weight, feed intake, body
weight gain and feed conversion factor (FCR) in broiler chickens under stress conditions (mean+SD)

Age (d) Group D Group E Group F

7
Body weight (g/bird)
Feed Intake (g/bird)
Body weight gain (g/bird)
FCR

139.2+4.1
131.62+6.37
98.2+2.19
1.32

140.32+3.8
125.50+6.40
99.42+178
1.28

140.32+3.8
125.50+6.40
100.32+1.68

1.25

14
Body weight (g/bird)
Feed Intake (g/bird)
Body weight gain (g/bird)
FCR

383.3+5.8 a

384.5+9.23 a

248.1+14.32 a

1.59

388.2+4.7 a

366.3+8.60 b

241.88+5.12 b

1.47

402.1+4.7b

370.3+7.50 b

261.78+5.12 b

1.41

21
Body weight (g/bird)
Feed Intake (g/bird)
Body weight gain (g/bird)
FCR

710.5+5.23 a

540.6+8.68
326.2+2.25 a

1.66 a

760.53+8.14 b

558.80+2.83
350.43+5.14 b

1.64 a

820.43+6.12 c

558.80+2.83
418.33+4.14 c

1.34 b

28
Body weight (g/bird)
Feed Intake (g/bird)
Body weight gain (g/bird)
FCR

1001.60+10.48 a

887.20+7.22 a

291.10+17.02 b

3.05 a

1110.52+5.82 b

875.80+124.24 a

380.17+7.56 b

2.34 b

1120.50+5.72 b

715.80+124.24 b

300.07+8.50 b

2.39 b

35
Body weight (g/bird)
Feed Intake (g/bird)
Body weight gain (g/bird)
FCR

1561.89+9.99 a

826.55+9.46
561.29+8.51 a

1.47

1710.23+10.10 b

854.9+8.82
589.73+12.90 b

1.5

1710.23+10.10 b

854.9+8.82
589.73+12.90 b

1.45

42
Body weight (g/bird)
Feed Intake (g/bird)
Body weight gain (g/bird)
FCR

1803.35+24.52 a

484.92+13.77 a

242.46+26.86 a

2.00 a

2050.25+16.11 b

714.76+13.87 b

350.44+14.60 b

1.9 a

2150.45+14.00 b

814.57+14.77 c

440.22+14.50 c

1.85 b

Total
Body weight (g/bird)
Feed Intake (g/bird)
Body weight gain (g/bird)
FCR

1804.35+24.52 a

3258.39+18.79 a

1764.35+28.22 a

1.86 a

2000.45+14.00 b

3439.87+13.37 b

2000.46+1 a 6.26 b

1.8

2150.45+14.00 c

3439.87+13.37 b

2110.45+15.24 c

1.63 b

Figures in the same row with different letters are statistically significantly different (P<0.05)
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Table 4. The immune response of broiler chickens vaccinated by AIV inactivated oil -emulsion vaccines H5N1
Immune response§ (log-2) of post-vaccination

Group Titers(Log2)

At age42At age35 dAt age 28 dAt age21 dAt age14Group

A 1.8 ±0.22 a 2.2±0.42 a 3.2±0.52 a 3.31±0.72 a 2.56±0.44 a

B 2.2±0.34 a 4.4±0.44b 4.2±0.72 b 3.81±0.72 a 3.76±0.42 b

C 2.3±0.24 a 4.4±0.42b 4.8 ±0.52 b 6.31±0.92 b 5.56±0.48 b

D 1.8 ±0.24 a 2.4±0.42 a 3.2±0.62 a 2.8±0.72 a 2.26±0.62 a

E 2 ±0.24 a 3.4±0.42b 3.2±0.52 a 3.31±0.94 a 2.56±0.42

F 2.2±0. 48 a 4.4±0.72 b 6.2±0.82 b 4.31±0.62b 4.56±0.42 b

.
All chicks were S\c immunized with 0. 5 mL of killed vaccine of Avian Influenza (H5N1) virus at age of 7 days. On
day 21, 28, 35 and 42, blood samples were collected from the wing vein of 15 chicks per the two replicates and
serum antibody titres against Influenza (H5N1) virus were determined by Haemagglutination Inhibition (HI) test and
were expressed as logarithm base 2. Figures in the same column with different letters are statistically significantly
different (P<0.05).

Table 5. Effect of the dietary supplementation of probiotic mixture and chromium chloride on dressing weight
percentage, liver weight and percentage (mean+SD)

Group Group A Group B Group C Group D Group E Group F

Dressing weight
(%) 73.31 74.50 76.45 73.80 74.37 75.25

Liver weight
(g) 45.8+2.19 a 53.5+3.11 b 55.8+2.19 b 42.95+4.21 a 44.5+3.02 a 48.5+3.11 b

Liver weight
(%) 2.31 2.53 2.72 2.39 2.42 2.53

Figures in the same row with different letters are statistically significantly different (P<0.05)

Table 6. Effect of the dietary supplementation of probiotic and chromium chloride on physiological stress indicators
(mean+SD)

Parameter Group A Group B Group C Group D Group E Group F

H/L Ratio 0.39 ± 0.04a 0.38 ± 0.05 a 0.37 ± 0.06a 0.82 ± 0.09b 0.45 ± 0.06a 0.41 ± 0.06a

Cortisol level (ng/ml) 3.79 ± 0.17 a 3.69 ± 0.09 a 3.79 ± 0.09a 8 ± 0.12b 4.82 ± 0.08a 4.12 ± 0.08a

).Figures in the same row with different letters are statistically significantly different (P<0.05
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4-Discussion
The highest growth rate and feed efficiency

were noticed in group C post Cr supplementation was
confirmed by many researchers (Lien et al., 1999;
Uyanik et al ., 2002; Sahin et al., 2002; Amayta et al.,
2004; Jackson et al., 2008; Samanta et al ., 2008).

In addition, Lien et al., (1999) had
demonstrated that a supplement of 1600 mg/kg of
chromium picolinate in the ration influences the
growth, carcass, serum traits and lipid metabolism of
broilers, while Jackson et al., (2008) had used Cr as
chromium propionate and recorded improved feed
efficiency in the later phases of growth and decreased
mortality as well as no effect on carcasstraits.

Chromium supplementation in diet had been
related to increased protein deposition (Seerley,
1993; Ward et al., 1995), with decrease in muscle fat
(Ward et al ., 1995). It also affects body mass and
feed conversion ratio (Moore et al., 1998 and
Hossain et al., 1998). The enhancing effect of
Chromium supplementation could attributed to its
involvement in stimulating the biological activity of
insulin by increasing the insulin-sensitive cell
receptors or binding activity (Mertz et al.,1974;Lien
et al.,1999) . Insulin can also stimulate anabolism
and inhibit catabolism (Lien et al., 1999). The
improved BW, FI, FE, in group A is confirmed by
Yeo and Kim (1997).

Moreover, chromium is involved in protein
metabolism and may have a role in nucleic acid
metabolism (Lukaski, 1999). Its role in stress
condition in animals and birds is more appreciated
where it alleviate the negative influence of
environmental and nutritional impacts.
The observed improvement in immune responses
with chromium supplemented to broilers in groups
B and C especially at 28 and 35 days old is coincide
by results of (Luo et al ., 1999 and Toghyani et al.,
2007).As well previously elevated antibodies titer
against Newcastle disease virus in broiler chicks
with supplement of 2 or 10 mg\kg chromium either in
the form of CrCl3 or yeast (Guo et al., 1999) and
infectious bronchitis titer in broiler chicks fed on 400
ug\kg Cr picolinate (Lee et al., 2003). Beside Cr
supplementation enhance the IFN-c m-RNA
expression in response to Newcastle disease vaccine
according to (Bahgat et al., (2008).

The highest carcass traits recorded in group F
confirmed that the probiotic mixture used had anti-
stress effects and thereby the overcrowded conditions
in group E did not negatively affect carcass traits of
broiler chickens. These data coincided with that
findings reported by Yeo and Kim (1997), and may
reflect the activation effect of the probiotic mixture
on the liver cells which improved the overall growth
performance.

The results also, showed that Cr supplementation
improved aspects of growth performance, carcass
traits, (Steel and Rosebrough, 1981; Hossain et al.,
1998; Lein et al., 1999; Uyanik et al.,2002;Sahin et
al.,2002; Amayta et al.,2004; Jackson et
al.,2008;Samanta et al.,2008) and immune response
(Lou et al.,1999; Toghyani et al.,2007; Bahgat et
al.,2008;Kheiri and Toghyani,2009) .The review by
the NRC (NRC. 1997) regarding the variability of Cr
supplementation agreed with some researchers (Kim,
et al,1996; Lien et al.,1999;Sahin et al.,2002 and
Kim et al.,2002). (Lee et al., 2003) reported that
CrPic had no effect on growth, but feed efficiency
was improved. Also, researchers (Chen et al., 2001;
Sahin et al., 2002; Kroliczewska et al., 2004) had
shown that Cr as CrPic improved growth
performance of broilers during heat stress. Similarly,
others (Kim et al., 2002) had reported that 1,600 ppb
Cr as CrPic improved gain in broilers. However, not
all research showed positive effects of Cr as CrPic on
growth performance in broilers (Sahin et al., 2002).
The use of probiotic in broiler chick’s diets
significantly improved the daily body weight gain,
feed intake and feed efficiency as reported by Yeo
and Kim (1997).The obtained results confirmed that
the chromium supplement had good anti-stress
effects and thereby the overcrowded condition in
group F did not negatively affect performance,
immune response and carcass traits of broiler
chickens. Although, probiotics as feed additive can
act as an anti-stress factor and has positive effects on
broiler chickens performance as well as carcass traits,
chromium chloride supplementation significantly
acted as a powerful anti-stress factor and improved
performance (decreased mortality rate, feed intake,
feed gain, feed conversion, and body weight),
immune response and carcass traits as well as its
economic nature. Similarly, CrPic and Cr yeast had
been reported to decrease mortality in broilers (Kim
et al., 1996a; Kim et al., 1996b; Jackson et al., 2008).
These results confirmed that the probiotic mixture
used had anti-stress effects and thereby the
overcrowded conditions in group E which did not
negatively affect carcass traits of broiler chickens.
These results might reflect the activation effect of the
probiotic mixture on the liver cells which improved
the overall growth performance .This may be due to
the anti-stress effect of: (1) the chromium supplement
where, its role in stress condition in animals and
birds is more appreciated as it helps to reduce the
negative influence of environmental and nutritional
stress (Seerley, 1993; Ward et al., 1995), (2) the anti-
stress effect (Gross and Siegel, 1983).

5-Conclusion
The present research confirmed: (1) the activation
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effect of the probiotic mixture on growth
performance (feed intake, body weight gain , food
conversion rate), carcass traits (dressing %, liver
somatic indices), and stress conditions ( stocking
density) in broiler chickens and stress (2) Cr3+
supplementation improved aspects of growth
performance, carcass traits, immune response (against
AIV) and has a strong anti-stress effect.
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Abstract: : In this article we studied the epidemiology and the role of risk factors of Brucella infection in
ruminants, besides the methods concerning the evaluation of biosecurity measures which are taken against the
disease in farms. A cross sectional study was carried out on different Governorates representing allover Egypt
to evaluate the potential major risk factors, mal- biosecurity practices and their role in the maintenance of the
disease among farm animals. Serum samples (1670) were collected from 126 Herds / Flocks of sheep, goats
and cattle and analyzed using Rose Bengal Plate test and iELISA test. A structured questionnaire was designed
to identify and evaluate the role of risk factors for Brucellosis. .The results pointed out that, prevalence of
brucellosis among herds/flocks of sheep, goats and cattle were; 26.66%, 18.88% and 17.22% respectively.And
the seropositive percentages in blood samples were 21.20%, 14.5 % and 2.16% respectively. Major risk factors
play a very important role in the prevention and maintenance of the disease among farm animals. The role and
magnitude of risk factors varied but the presence of good sanitary measures in farms are considered as a
protective factor, where R.R was less than 1 and the attributable risk was -0.01. [Nature and Science
2010;8(5):190-197]. (ISSN: 1545-0740).

Keywords: Seroprevalence, Questionnaires, Role and magnitude of risk factors, Relative and
Attributable risk, Brucellosis. Abbreviations: R.R: Relative risk A.R: Attributable risk: Omega.

1. Introduction
Brucellosis is a contagions disease caused by

bacteria of genus Brucella; it is an animal disease in
origin and is a disease of the sexually mature animals
with predilection of placenta, fetal fluids and tests of
male animals. It has been recognized as a global
problem of wild and domestic animals, especially
cattle, sheep and goats (Rijpens, 1996).

Brucellosis is the most important zoonosis in
terms of human suffering and is a true zoonosis in
that almost all human cases are acquired from
animals , in particular goats and sheep . In Egypt,
brucellosis is still remaining one of the major disease
problems that affect animal industry as well as human
health and is still an endemic serious disease among
domestic animals and humans in spite of attempts
that were implemented to control the disease through
bilateral projects with some agencies or international
organization (Şahin et al., 2008). It has been recorded
in Egypt since 1939 (Ahmed, 1939), and the
estimated annual economic losses due to brucellosis
were about 60 million Egyptian pounds yearly
(AOAD, 1995).
In one hand, the annual incidence of brucellosis in

people in the Mediterranean and Middle East
countries varies from 1 to 78 cases per 100.000 (OIE,
2000, El Sherbini et al., 2007). In Egypt, many
authors had reported the incidence of brucellosis
among animals (Refai, 1994, and Abdel Hafeez et al.,
2001) but only few reports concerning the role of risk
factors and the epidemiologic evaluation of the
disease ( Al-Majali et al.,2007)

On the other hand animal brucellosis is well
established in the Middle East and affect both cattle
and small ruminants (Abdel- Ghani et al., 1983,
Ismaily et al., 1988, Aldomy et al., 1992 and Darwish
& Benkirane 2001) .Infection with Brucella spp.
continues to pose a human health risk globally
despite strides in eradicating the disease from
domestic animals (Mantur et al.; 2007).

The main objectives of this study were to
declare the role of risk factors in the maintenance of
the disease among farm animals and to suggest a
model of control of brucellosis in Egypt.

2. Materials and Methods
The study was carried out through the period from
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March, 2006 to March, 2008 on different
Governorates representing allover Egypt. A total of
126 herds/flocks of different species included 45
flocks of sheep, 55 flocks of goats and 26 herds of
cattle were selected for this study. In each region,
blood samples were taken from herds /flocks with no
previous history of vaccination against Brucella. The
number of samples was collected according to
Thrusfield (1995) and Kaoud (2001) in simple
and\or systemic random sampling as follows:
Animals from each herd were randomly selected
using a table of random digits. Only female cows
older than 6 months of age were sampled. The herds
were stratified into three herd sizes: small herds (≤
50), medium herds (50-150) and large herds (150).

1-Questionnaire
A questionnaire, for each farm, was completed by
the farm owner or manager to identify possible
independent variables associated with the presence
of seropositive cattle on the farm:
a- Precautions taken to visitors.
b- Addition of new animals
C-Multiple raising of animal species
d- Exogenous fertilizing system.
e- Lack of common sanitary measures which
include routine or regularity of disinfection program,
disposal of carcasses & wastes, control of traffic &
vehicles and regular veterinaryservices).

Calculation:
•Biosecurity practices and mal- practices as a risk
factor concerning seropositives:

Risk factors Seroprevalence

Positive Negative

Exposed

Not-Exposed

A:Number of
seroprevalence

C:Number of
seroprevalence

B:Number of
seroprevalence

D:Number of
seroprevalence

A + B

C + D

A + C B + D

AR= Incidence of exposed – Incidence of
non exposed
OR= ad / cb
Omega Risk Measure= a+c/b+d

2-Collection of bloodsamples
Approximately 7- 10 ml of blood was down from
Jugular vein of apparently healthy animals using plain
vacutainer tubes and needles. Samples were kept
overnight at 4◦C to allow the separation of serum then
centrifuged at 3000 rpm for 10 minutes. The collected

sera were coded and kept at -20◦C up to the time of
the test.
3-Serologial examination ofthe samples

The collected sera were screened for the presence
of antibodies against Brucella antigens (Alton et al.,
1988) by using the Rose Bengal plate test “RBPT”
and a commercially available indirect enzyme linked
immunosorbent assay (iELISA)

3. Results

Prevalence of Brucellosis among herds/flocks of
sheep, goats and cattle

Prevalence of Brucella among herds/flocks of
sheep, goats and cattle in the studied
Governorates using RBPT are shown in Figure
(1a).
The results of RBPT pointed out that, prevalence
of brucellosis among herds/flocks of sheep, goats
and cattle were 26.66%, 18.88% and 21.6%,
respectively. When RBPT positive samples were
subjected to iELISA test, 21.20%, 14.5 % and
17.22%, respectively showed positive reactions to
brucellosis (Figure 1-b).

Prevalence of Brucellosis of the seropositive
blood samples in animals (sheep, goats and
cattle).

The seropositive percentages in blood
samples (subjected to iELISA test) of sheep, goats
and cattle were 21.20%, 14.5 % and 2.16%
respectively.

Risk factors and their role in the introduction
and maintenance of Brucella infection in animal
farms.

Figure(2) indicated that there was an
association concerning the applied biosecurity
practices in farms and seropositive reactors of
brucellosis, where the relative risk of: farm
visitors, addition of new animals, multiple
raising of animal species, exogenous fertilizing
system and presence of common sanitary
measures were: 1.14 , 5 , 8.33 , 2.27 and 0.96,
respectively. The presence of good sanitary
measures in farms considered as a protective
factor where R.R was less than 1 (negative
association) and the attributable risk was - 0.01.

The magnitude of the risk factors.
Figures (3) declared the magnitude of the risk

factors (Farm visitors, addition of new animals,
multiple species rearing and exogenous fertilizing
system) were 0.03, 0.32, 0.66 and 0.28,
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respectively; in other meaning these risk factors
are responsible for the introduction of Brucella
infection in farms in percentages of 3 %, 32%,
66% and 28%, respectively. Multiple raising of
different animal species is considered as highly
risk factors.

Odds in favor of acquiring Brucella
infection in animal farms and the risk
of having risk factors.

The degree of association between risk
factors and Brucella occurrence was calculated by
omega measure as shown in Figure (4). According
to this measure, risk factors were arranged as
following: visitors, exogenous fertilization & lack

of sanitary measures (0.31) addition of new
animals (0.26) and rearing of multi-species(0.25).

Odds ratio (Psi) and the relative frequency of risk
factors for Brucellosis.

Odds ratio (Psi) measures the relative
frequency of risk factors for brucellosis to be
occurred in farms. According to Odds ratio (Psi)
measure, the frequency of risk factors was
arranged as following: visitors (1.20), addition of
new animals (7.77), rear ing of multi-species
(28.80) exogenous fertilization (3.2) and lack of
sanitary measures (1.7 ) as shown in Figure (5).

Table 1. Distribution of the Brucella seropositive and seronegative herds/flocks of sheep, goats

and cattle and the relevance with different investigated variables

Yes: means the presence of the factor No: Means the absence of the factor

Table 2. The magnitude and association between different risk factors and seropositive reactors
of brucellosis in Egypt

Biosecurity practices Relative risk Attributable risk Omega
measure

Odds ratio

-Farm visitors
-Addition of new animal
-Multiple raising of species
-Exogenous fertilizing system
-Lack of sanitary measures

1.14
5.00
8.33
2.27
0.96

0.03
0.32
0.66
0.28
- 0.01

0.31
0.26
0.25
0.31
0.31

1.20
7.77
28.80
3.2
1.7

Brucella result

Variable Category Number Positive No.
(%)

Negative
No. (%)

Visitors
biosecurity

Yes
No

80
46

20 (25)
10 (21.74)

60 (75)
36 (78.26)

Addition of
New animals

Yes
No

50
76

20 (40)
6 (7.89)

30 (60)
70 (92.11)

Rearing of
multiple-species

Yes
No

20
106

15 (75)
10 (9.43)

5 (25)
96 (90.57)

Exogenous
fertilizing

Yes
No

10
116

5 (50)
25 (21.55)

5 (50)
91 (78.45)

Sanitary
measures

Yes
No

26
100

6 (23.08)
24 (24)

20 (76.92)
76 (76)
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Figure (1-a)

Figure (1-b)

Figure (1-a&1-b) Prevalence of Brucella in Governorates and among herds/flocks using iELISA and RBPT

Figure (5) The association between the risk
factors and occurrence of brucellosis in
animal farms

Figure (4) Odds in favor of acquiring
Brucella infection

Figure (3) The magnitude of the risk factorFigure (2) Relative Risk
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4. Discussions

This study was conducted with the aim of
identifying herd and biosecurity characteristics as
potential risk factors associated with brucellosis
seroprevalence in ruminants in Egypt. This
information is required in order to outline measures
to control zoonotic brucellosis (Lithg-Pereira, 2001).

Small ruminant brucellosis is still endemic in most
countries of the Mediterranean basin, the Middle
East and Central Asia (Aldomy et al., 1992 and
Radostitis et al., 2000). The public health and
economic impact of brucellosis remains of particular
concern in developing countries. The clinical
manifestations of brucellosis in goats are similar to
those in cattle in regard to abortion, stillbirth and
reprod uctive failure. Thus this disease causes
heavy economic losses in animal
production resulting form abortions, sterility,
decreased milk production, and the costs of
replacer animals (Ariza et al., 1995 and Radostitis et
al., 2000). In addition, the disease is an impediment
to free animal movement and export.

The prevalence of bovine brucellosis in Egypt
was lower than those reported by Refai et al., (1990)
and Ahmed et al., (2002) and it was higher than
those reported by Darwesh and Benkiran (2001) in
Syria, Amin et al ., (2005) in Bangladesh and Silva et
al.,( 2000) in Srilanka. The prevalence of brucellosis
in sheep and goats in Egypt was lower than that
reported by AL-Majali (2005) in Jordan, Radwan et
al., (1982) in Saudia Arabia, Jackson et al., (2004) in
Kosovo and it was higher than those reported by
Abdel-Hafeez (2001), Shalaby et al.( 2002) & (2003)
and Noha Oraby et al.( 2007).

The Seroprevalence of brucellosis in sheep,
goats and cattle were widely but unevenly distributed
throughout flocks and provinces (Jackson et al.,
2004, Al- Ani et al., 2004 and Muma et al.; 2006).

Risk factors and their role in the introduction
and maintenance of Brucella infection in animal
farms

Major risk factors play very important role
in the maintenance and spreading of the disease
among farm animals and their human contacts.
Relative risk used as a measure to determine if an
association exists, and whether there is an excess
risk of the disease in populations who have been
exposed to disease (Gordis, 2004). Figs (3) and (4)
indicated that there was an association concerning
the applied biosecurity practices in farms and
seropositive reactors of brucellosis, where the
relative risk of farm visitors, addition of new
animals, multiple raising of animal species,

exogenous fertilizing system and presence of
common sanitary measures were 1 .14, 5, 8.33,
2.72 and 0.96, respectively. The presence of good
sanitary measures in farms considered as a
protective factor where R.R was less than 1
(negative association) and the attributable risk was
- 0.01, this means that the sanitary measures
(routine farm disinfection, disposal of carcass &
wastes, vehicle disinfection and the presence of
veterinary service) play a minor role in preventing
the introduction of infection, while its role in
preventing the spread of the infection inside the
farms or herds has a major property. These results
indicated that farm visitors, addition of new
animals, multiple species rearing and exogenous
fertilizing system were considered as very
important risk factors for the introduction and
spread of Brucella infection among animal farms.
Reviriego et al., (2000),Al-Majali (2005) and
Earhart et al.,( 2009) suggested that the addition
of new animals or contact with other small
ruminants flocks might be a risk factor for
brucellosis at the herds /flocks level, in addition
the contact between animal herds/flocks will
increase the chance for disease transmission to
susceptible animals (Crespo, 1994). On contrary,
Izquier and Villanueva (1996), Al-Majali et al.,
(2009) stated that the contact between small
ruminant flocks had no impact on seropositivity to
Brucella. Veterinary services play a minor role in
preventing the introduction of infection, while its
role in preventing the spread of the infection inside
the farms or herds has a major role. These
results are coincide with Crespo (1994),
Mainar–Jaine & Vazquez- Boland (1999) and
AL-Majali (2005), who suggested that the absence
of disinfection programs in raising farms
considered a risk factor for Brucella seropositivity
in small ruminants. Proper disposal of aborted
materials and highly hygienic procedures are
extremely important steps in any successful
Brucella control program. It is well known that
delivering adequate animal health services results
in a low incidence of diseases, and especially those
diseases that have an infectious nature. In addition,
controlling brucellosis in small ruminants (mainly
by Rev-1 vaccination) will indirectly reduce the
prevalence of this disease in other animal species
especially cattle. Poor veterinary service has been
identified as a risk factor for brucellosis in
Argentina (Samartino, 2002) and Mexico
(Luna-Martínez and Mejía-Terán ,2002).

Attributable risk is a measure of how
much of the disease risk is attributable to a certain
exposure, and is useful in answering the question of
how much can be prevented. The magnitude of the
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risk factors (Farm visitors, addition of new animals,
exogenous fertilizing system and multiple species
raising) were 0.03, 0.32, 0.28 and 0.66, respectively,
in other meaning these risk factors are responsible
for the introduction of Brucella infection in farms in
percentages of 3 %, 32%, 28% and 66%,
respectively. In this study, multiple species raising,
addition of new animals and the exogenous
fertil izing system were identifi ed as the risk
factors associated with seropositivity to Brucella
antigen . Prevention or at least the reduction of
brucellosis can be achieved through the satisfactory
or strict application of biosecurity measures in animal

farms. The use of disinfectants and the presence

of adequate veterinary services were identified

as the factors that protect against bovine

brucellosis. Similar observations were reported

for sheep, goats and camels (AL-Majali, 2005).

Odds in favor of acquiring Brucella infection in
animal farms and the risk of having risk factors
(Fig.5)

Odds are commonly used as measures in
epidemiology (the odds of Brucella infection is the
ratio of the number of ways the infection can
occurred to the number of ways the infection cannot
occurred). The chance and the probability of
Brucella occurrence in animal farms and the degree
of association between risk factors and Brucella
occurrence were calculated by omega measure.
According to the association by this measure, the
risk factors were arranged as following: visitors,
exogenous fertilization & lack of sanitary measures
(0.31), addition of new animals (0.26) and rearing of
multi-species (0.25).
Odds ratio measures the relative frequencyof the risk
factors for brucellosis to be occurred in farms or the
degree of association between the risk factors with
brucellosis. According to this measure, the frequency
of risk factors was arranged as following: rearing of
multi-species (28.80), addition of new animals (7.77),
visitors (1 .20), lack of sanitary measures (0.95) and
exogenous fertilization (0.40). The OR value showed
that the farms that rear multi-species, added
continuously new animals and didn't made
biosecurity measures against visitors were about
28.80, 7.77 & 1.20 times more at risk to brucellosis
than those rear only one species, didn't add new
animals from external sources and made a strict
biosecurity measures against visitors. Mixed farming
which raising sheep and/or goats along with cattle,
was reported by many researchers to be a risk factor
for Brucella transmission between different animal

species (Abbas and Agab 2002, Al-Majali et al.,
2007). In addition, producers introduced new animals
into the herd on a more frequent basis, and stock
interchange for breeding is most frequent when the
herd is large. This increase the risk of introducing an
infected animal into the herd. Practices that involve
movement of animals between herds are also likely
to carry risks (Kabagambe et al., 2001). Such
husbandry practices, with animals of different species
being herded together, increase the likelihood of
animals being exposed to the disease. This factor
should be taken into consideration in the planning
and execution of control programs. Movements of
animals should be controlled by appropriate
legislation and regulations.
This study indicated high prevalence of Brucella
seropositive reactors which pose a human health risk.
Lack or mal-practices in the application of sanitary
program in farms (such as rearing of multi-species,
addition of new animals, and lack of sanitary
measures) are highly risk factors which result in the
maintenance and spread of brucellosis among animal
farms and humans.

5 .Conclusions
Our results could make a useful contribution

towards preventing brucellosis in small ruminants
and decreasing losses in the livestock industry. More
attention should be paid towards implementing a
proper control program for brucellosis and more
efforts should be directed towards improving the
animal health biosecurity program in those
Governorates that are large in size. In addition,
controlling brucellosis in small ruminants (mainly by
Rev-1 vaccination) will indirectly reduce the
prevalence of this disease in other animal species
especially cattle. Control progress should be
monitored serologically and evaluated
epidemiologically; Veterinary extension should be
played a major role to guarantee the application of
the sanitary procedures and measures in rearing,
raising and breeding places and education of
personnel and dissemination of awareness as well as
veterinary public health culture through various
multimedia.
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Abstract: Ismailia Canal is considered as one of the most important irrigation and drinking water resources. During 
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1. Introduction 
     Ismailia Canal was constructed in 1862. It 
transports fresh water from River Nile in North Cairo 
at El-Mazalat square (mouth of canal) to El-Khanal 
Cities (Ismailia, Port Said and El-Suez) for water 
supply. The original canal dimensions average 2.1, 18 
m depth and width respectively. It extends for about 
128 km and has more than one regulator bridges 
constricted along the canal. The first is a head 
regulator at the mouth of the canal, the second at 13.8 
km far from the canal mouth and the third at 75 km 
far from mouth of canal. The water canal discharge is 
433.56 m3/sec. The total area surrounded the canal is 
about 108.200 fedden and transported 5.000.000 m3 
per day for drinking, industrial and irrigation 
purposes. It is worthy to note that some factories are 
constructed on the two banks of the canal, 
discharging their wastes into the canal water, leading 
to change in the water quality of the canal El-Hadad, 
(2005) and El-Sayed, (2008).  
 Saad, (2003) reported that the current 
configuration of Nile Delta Lakes is changing rapidly, 
due to man’s activities and natural processes. Most of 
their water supply comes from polluted agricultural 
drains several problems affect the conservation of the 
Nile Delta Lakes mainly pollution, land reclamation, 
intensive aquatic vegetation, over fishing and coastal 
erosion. Erection of Aswan High Dam accompanied 
by considerable increase in population and 
consequently in man’s activities constitutes the main 
causes of pollution. 
        Water quality of Ismailia Canal from EL- 
Mazalat square to EL- Khosose city studied by Abdo 
(1998) and concluded that, there is an adverse effect 
of industrial wastes of different factories on two 

banks of canal on the distribution of the most 
physical and chemical parameters. Also, during 
drought period the values of some physical and 
chemical parameters were increased.  
 El-Hadad, (2005) studied the distribution and 
concentrations of Fe, Mn, Zn, Cu and Pb in water and 
sediment of Ismailia Canal and were found that the 
ranges of these metals in water are: Fe: 110 – 640, 
Mn: 40 – 360 µg/l, Zn: 1.8 – 54.8, Cu: 3.6 – 18.9 and 
Pb: 7.5 – 35.7 µg/l. In sediment: 7500 – 26900, 150 – 
710, 31.1 – 78.5, 3.3 – 56.5 and 12.8 – 32.5 µg/g for 
the same metals respectively. 
 El-Sayed , (2008) determined that physical and 
chemical variables of Ismailia Canal water and 
recorded that the ranges of these variables were found 
to be water temperature: 16.5 – 34.6 0C, transparency: 
50 – 140 cm, EC: 246 – 510 µmohs/cm. pH: 7.17 – 
8.17, DO: 8.4 – 13.6 mg/l, BOD: 0.8 – 6.0 mg/l, COD: 
4.2 – 35.6 mg/l, CO3

--: nil – 15.1 mg/l, HCO3
-: 172 – 

250 mg/l, SO4
--, 31.1 – 40.6 mg/l, NO2

-: 7.77 – 10.22 
µg/l, NO3

-: 17.00 – 19.38 µg/l, NH3: 1.03 – 1.94 mg/l 
and PO4

3-: 30.6 – 90.2 µg/l. 
 The quality of water is now the concern of 
experts in all countries of the world. The water 
quality depends on the location of the source and the 
state environmental protection in a given area. 
Therefore, the quality and the nature of water may be 
determined by physical and chemical analysis (Abdo, 
2005).  
 The contamination of soil, sediment, water 
resource and biota by heavy metals is one of the 
major concern especially in many industrialized 
countries because of their toxicity persistence and 
bioaccumulation (Iken et al., 2003).    
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 The aim of the present study is to determine the 
spatial and temporal distribution of physical variables 
(air and water temperatures, EC, Transparency, TD, 
TDS and TSS) chemical variables (DO, BOD, COD, 
pH, CO3

--, HCO3
-, Cl-, SO4

--, NO2
-, NO3

-, NH3, PO4
3-, 

TP and SiO2
-) in addition to Fe, Mn, Zn, Cu, Pb, Cd, 

Al, Co, Ni, Cr, Ba, As, Sr, V, Sb, Se, Sn and Mo) in 
water and sediment of Ismailia Canal during three 
months of drought period to assess the environmental 
status of the water-sediment of Ismailia Canal.   
  

2 - Materials and Methods 
2.1 water-sediment samples collection and 
analyses:- 
 The present study was done during drought 
period (January, February and March 2007). The 
water and sediment samples were collected during 
three successive months of drought period. Six 
stations were selected along Ismailia Canal extended 
from El-Mazalat square to Abu Za’baal City. These 
stations are represented in Fig (1). The locations of 
these stations are: 
Station I: The mouth of Ismailia Canal branched from 
River Nile at El-Mazalat square. 
Station II: In front of the water inlet of El-Amyria 
drinking water purification station. 
Station III: In front of El-Delta company for iron and 
steel production. 
Station IV: In front of El-Cablate company for 
electrical wire production. 
Station V: In front of Shiny company for ceramics 
production. 
Station VI: At Abu Za’baal company for fertilizer and 
chemical products.  
  
 Water samples were collected at 60 cm depth 
(sub surface layer), using polyvinyl chloride Van 
Dorn bottle and kept in plastic bottle, preserved in an 
ice-box then returned immediately to the laboratory 
for analysis. Surficial sediment samples were 
collected using Eckman Dredge and kept in plastic 
bags. Then dried at 105 0C and preserved for analysis. 
 
2.2 Field measurements:- 
 Air and water temperatures, electrical 
conductivity, as well as pH values were measured, 
using Hydrolab, Model “Multi 340I/SET”. The 
transparency of water was measured in the field, 
using Secchi-disc (diameter 25 cm). 
 
2.3 Laboratory analyses:- 
 Water samples for all selected parameter, were 
analyzed according to procedures specified in APHA, 
(1998). Total solids (TS) were measured by 
evaporating a known volume of well mixed sample at 

180 0C. TDS were determined by filtrating a known 
volume of water sample with glass microfiber filter 
(GF/C) and evaporating at 105 0C. TSS is direct 
obtain by subtracted of TS-TDS. Concentrations of 
CO3

-- and HCO3
- were measured titrimetric against 

0.025 N H2SO4, using phenolphthalein and 
methylorang indicator. Cl- was determined by 
argenometric method. SO4

-- was determined using 
turbidimetric method. DO was determined by azide 
modification method. BOD by 5 days incubation 
method. COD was performed by potassium 
permanganate oxidation method. Ca2+ and Mg2+ were 
determined by EDTA titrimetric method. Na+ and K+ 
were measured directly using the flame photometer 
"Model Jenway PFP, U.K.". Concentrations of NO2

-, 
NO3

-, NH3, PO4
3- and SiO3 were determined using the 

colorimetric techniques with formation of reddish 
purple azo-dye, Copper-Hydrazin salphat reduction, 
phenate, stannous chloride reduction and 
molybdosilicate methods respectively. Total 
phosphorus (TP) was measured as reactive phosphate 
after persulphate digestion. 
 Total Fe, Mn, Zn, Cu, Ni, Co, Pb, Cd, V, Cr, Al, 
Sr, As, Sn, Ba, Sb, Mo and Se in water after digestion 
by conc. HNO3. And in sediment after digestion 
according to Jackwerth and Würfels, (1994), using 
Inductive Coupled Plasma Spectrometer "ICP, Model: 
Elan 9000, Perkin Elmer, USA". 
 
2.4 Statistical Analysis 

In order to study the different relationships 
among physical and chemical parameters of the area 
under investigation the correlation coefficient matrix 
(r) were calculated using the computer program 
EXCEL (Office XP). 
 
   
3- Results and Discussion: 

The physico-chemical parameters are 
considered as the most important principles in the 
identification of the nature, quality and type of the 
water (fresh, brackish or saline) for any aquatic 
ecosystem (Abdo, 2005). 
 
3.1 Physical measurements:- 
3.1.1 Air and water temperatures           
 Temperature was the water quality indicator that 
exhibited little variance between the sites and months 
of water collection. The highest values were recorded 
during March (31 – 35, 30 – 34 0C) for air and water 
respectively. The lowest in February (18.5 – 21.0, 
20.0 – 26.0 0C).   
 
3.1.2 Transparency 
 The lowest values of transparency were showed 
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at sites receiving the effluent discharge of the 
companies e.g. V, VI (40, 30 cm) respectively during 
January. Also, the changes in visibility of canal is 
generally low due to shallowness and the drought 
period effect, the water level decrease and suspend 
organic-inorganic particles increase. This is agree 
with that reported by Abdel-Satar, (2008) on Manzala 
Lake. 
 
Electrical conductivity (EC) 
 EC is a good indicator parameter on the total 
dissolved ions in aquatic ecosystem. The EC values 
were ranged between 340 – 742 µmohs/cm during the 
investigation period. The maximum values 392, 742 
and 369 µmohs/cm were recorded at VI which may 
be receiving the effluents of Abu Za’baal company. 
These results agree with that finding by El-Sayed, 
(2008) on the same area.   
 
3.1.4 Solids (TS, TDS and TSS) 
 The distribution of TS, TDS and TSS in Ismailia 
Canal water are relatively increase during drought 
period due to the decay and degradation of the most 
microorganism species in the lower water level 
(Abdo, 1998). The present values of TS, TDS and 
TSS in Table (1) were found in the same ranges that 
recorded by El-Hadad, (2005) during winter on the 
same area. The highest values of TS were found at VI 
during three months, and reached to 742.630 and 112 
mg/l in February. This mainly attributed to the waste 
water discharge of Abu Za’baal fertilizers company at 
this site. 
 
3.2. Chemical variables:- 
 3.2.1 Hydrogen ion concentration (pH)  
 The pH of Ismailia Canal water at most sites are 
around to 8 and the lower values recorded during 
February Table (1). This may be due to fermentation 
of the organic matter which increase during this 
month of the drought period and coincident with 
Abdel-Satar, (2008) for Lake Manzalah. The 
minimum value of 3.9 and acidity 150 mg/l were 
recorded at stationVI representing good evidence on 
the effect of the effluent of Abu Za’baal fertilizers 
company at this site. 
 
3.2.2 Carbonate and bicarbonate:- 
 CO3

-- and HCO3
- results are present in Table (1). 

The CO3
-- were not detected during February at all 

sites and the HCO3
- were increased at all sites during 

this month. This mainly attributed to the presence of 
high amount of organic matter during drought period, 
especially during February and its accessible to 
bacterial decomposition and fermentation, where the 
HCO3

- is the final product of the decomposition. 
These results agree with that reported by Ali, (2008) 

on the Manzalah Lake. The ranges of CO3
-- and 

HCO3
- were found to be ND – 14.2, 162 – 222 mg/l 

respectively.        
3.2.3 Chloride and sulphate 
 Concentrations of chloride varied between 30 – 
40 mg/l at all sites during three months, where site VI 
showed the highest levels 62,60 and 124 mg/l during 
January, February and March respectively. Also, 
sulphate concentrations was taken the same behavior 
of chloride. The sulphate concentrations ranged 
between 21.0 – 36.6 mg/l at all sites during three 
months, where the maximum values 39, 156 and 38 
mg/l were recorded at site VI. The high  values of 
SO4

-- and Cl- at site VI are strongly attributed to 
effluent discharging from Abu Za’baal fertilizers 
company at this site. This results coincident with that 
finding by Elewa et al., (2001).    
 
3.3 Calcium and magnesium 
 The monthly variations of Ca2+ and Mg2+ in 
Ismailia Canal water during drought period are 
present in Table (1). The ranges of Ca2+ and Mg2+ 
concentrations were found to be 31 – 36 and 11 – 20 
mg/l respectively at different sites during three 
months. The highest values of Ca2+: 44, 64, 38 and 
Mg2+: 22, 58 and 18 mg/l at site VI opposite to the 
discharge point of Abu Za’baal fertilizer company. 
Comparison of the present results with the reported  
by El-Hadad, (2005) for the same area were showed 
similar levels during winter (2005) and the lower 
values were recorded during other seasons. This 
mainly attributed to the lower and staining of Ismailia 
Canal water during drought period, the death and 
decaying of most phyto-zooplanktons may be leading 
to facilitate in the liberation of different ions (Abdo, 
1998 and El-Hadad, 2005).      
 
3.4 Dissolved Oxygen (DO), Biochemical (BOD) 
and Chemical Oxygen Demand (COD):- 
 DO, BOD and COD were ranged between 6 – 
10, 2.8 – 5.2 and 6 – 16 mg/l respectively. Generally 
the DO at all selected sites of canal water were within 
the guideline values cited by USEPA, (1999) for the 
protection of aquatic life [for warm water biota: early 
life stages = 6 mg/l, other life stages = 5.5 mg/l]. For 
cold water biota: carly life stages = 9.5 mg/l, other 
life stages = 6.5 mg/l. BOD and COD values were in 
agreement with these obtained by El-Hadad, (2005).  
He reported that the BOD and COD were varied in 
the ranges of 2.4 – 3.6 and 8.0 – 19.2 mg/l 
respectively during winter season.   
 
3.5 Nutrient salts   
 Nitrogen and phosphorus limit the growth of 
terrestrial plants, phytoplankton, macroalgae and 
vascular plants in fresh water and marine ecosystem, 
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and silicon additionally limits the growth of diatoms 
(Rabalais, 2002).  
 
3.5.1 Nitrite and Nitrate  

 
 NO2

- and NO3
- concentrations were found 

slightly variations at different locations and during 
three collection months, Table (1). NO2

- and NO3
- 

were ranged between 9 – 18 and 20 – 52 µg/l 
respectively. The maximum value of NO3

- 516 µg/l at 
site VI during February, mainly related to the waste 
water of Abu Za’baal fertilizers company discharge at 
this site. 
 
3.5.2 Ammonia 
 Ammonia-N accounted for the major proportion 
of total soluble inorganic nitrogen. It fluctuated in the 
ranges of 0.108 – 0.50 mg/l during drought period at 
different sites. The values of ammonia at different 
sites of Ismailia Canal (Table 1) were within chronic 
guide lines recommended by USEPA (1999) at pH 8, 
ammonia (1.27 – 8.41 mg/l). 
 
3.5.3 Ortho and total phosphate  
 Ortho-P and Total-P values exhibited local 
variations with interrupted monthly trends and total-P 
increase during February, while ortho-P increase 
during January. The ranges of ortho and total-P were 
found to be 23 – 165.5 and 109 – 1478 µg/l 
respectively at different sites. The high values of TP 
at all sites of Ismailia Canal during February could be 
attributed to the lower and staining water during this 
month may be facility the death and decaying of the 
most microorganism in column water, which leading 
to liberation different ions especially ortho and total-P. 
This interpretation was supported by Nesbeda, (2004) 
showing that phosphorus enters the lakes through 
anthropogenic sources, such as fertilizer runoff into 
either inorganic or organic fractions. Also the 
maximum values of ortho-P were reached to 607, 
3503, 605, 713, 4415 and 879 µg/l at site VI opposite 
to the discharge point of the Abu Za’baal fertilizers 
company. These results coincide with that reported by 
Abdel-Satar, (2005) on the River Nile at the Sugar 
Integrated Industries Company. 
 
5.3.4 Reactive silicate 
 Silicate fluctuated between 2.45 – 7.70, 1.44 – 
4.00 and 3.12 – 4.00 mg/l during January, February 
and March months respectively, (Table 1). The lower 
values of silicate were recorded during February 
compare with other months is related to the silicate 
consumption by diatoms which bloom at low 
temperature and water level (Wetzel, 2001).  
3.6 Trace metals 
 Trace metals are considered harmful to 

environment and belong to one of the most toxic 
groups of water pollutants. There has been increasing 
concern and more stringent regulation standards 
pertaining to the discharge of heavy metals to the 
aquatic environment, due to their toxicity and 
determint to living species including humans. Heavy 
metals are non-degradable and can accumulate in 
living tissue (Ikem et al., 2003). 
 
3.6.1 Trace metals in water 
 To assessment the water quality of Ismailia 
Canal water the eighteen trace elements were 
determined in water and sediment of the canal. There 
are some detected trace elements in Ismailia Canal 
water e.g. Fe, Mn, Zn, Cu, Cd, Pb, Al, As, Ba and not 
detected elements e.g. Co, Ni, Cr, Sr, V, Sb, Sn and 
Mo during three months at all collection sites,(Table 
2). 
 The concentrations of studied trace metals in 
water are present in (Table 2). They declare that the 
ranges of detected trace elements were found to be 
Fe; 0.19 – 0.30, Mn; 0.10 – 0.18, Zn; 0.040 – 0.095, 
Cu; 0.005 – 0.0161, Pb; 0.0150 – 0.029, Cd; 0.001 – 
0.003, Al; < 0.1 – 0.8, As; < 0.01 – 0.100 and Ba; < 
0.0005 – 0.002 mg/l during investigation period at all 
sites. 
 The concentration levels of all studied heavy 
metals are within permissible limits of WHO, (1995) 
except for Al, Mn, and Zn up to 0.2, 0.1 and 0.05 
mg/l respectively. 
 Generally, the main natural source of heavy 
metals in water is weathering of minerals (Klavins et 
al, 2000). Industrial effluents and non-point pollution 
sources, as well as changes in atmospheric 
precipitation can lead to local increase in heavy 
metals concentration water. Also, total heavy metals 
concentrations in aquatic ecosystem can mirror the 
present pollution status of these areas (Haiyan and 
Stuanes, 2003). 
 
3.6.2 Trace metals in sediment 
 The analysis of heavy metals in the sediment 
permits detection of pollutants that may be either 
absent or in low concentrations in the water column 
(Binning and Baird, 2001). The accumulation of 
metals from the overlying water to the sediment is 
dependent on a number of external environmental 
factors such a pH, EC, the ionic strength, 
anthropogenic input, the type and concentration of 
organic and inorganic ligands and the available 
surface area for adsorption caused by variation in 
grain size distribution (Awfolu et al., 2005). 
 The determination of eighteen trace elements in 
Ismailia Canal sediment during three months of 
drought period revealed that Mo, Sb, Se and Sn were 
not detected, but Fe, Mn, Zn, Cu, Pb, Cd, Al, Ba, As, 
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Co, Cr, Ni, Sr and V were detected as present in Table 
(3). 
 The ranges of thirteen elements were detected in 
sediment varied between, Fe; 8112 – 26688, Al; 
11496 – 47680, Mn; 169.6 – 780.00, As; 115 – 350, 
Ba; 109.2 – 332.0, Sr; 66 – 223.6, Zn; 28 – 193.2, V; 
18 – 169.2, Cr; 12 – 118, Pb; 10 – 43.2, Co; 2 – 36.4, 
Cu; 16.2 – 73.2, Ni; 2.8 – 74 and Cd; 1.6 – 9.2 mg/kg 
during drought period at all sites, Table (3). 
 In view of the concentration levels of studied 
trace elements, the highest values were Fe, Al at all 
station. This may be attributed to the fact that Fe, Al 
are the most abundant elements in earth crust and is 
also confirmed with that reported by Abdel-Satar, 
(2005) on Nile sediment. The concentration levels of 
Fe, Mn, Zn, Cu and Pb were found in the same ranges 
determined by El-Hadad, (2005) on the same area. 
Also, the values of Ni, Co and Cd in Ismailia Canal 
sediment were taken in the same ranges of Nile 
sediment determined by Abdel-Satar, (2005). The 
other studied elements Ba, As, Sr, V and Cr were 
measured in canal sediment and can not compared 
with other studies because of the lack in 
determinations in aquatic ecosystem researches. 
 The heavy metals concentrations of Zn, Ni, Cu, 
Pb and Cd from the Ismailia Canal sediment 
compared with the probable-effects-level (PEL) 
guidelines for toxic biological effects established by 
USEPA, (1997), sediment-quality guidelines cited by 
Salomons & Förstner, (1984), and USPHS, (1997) in 
Table (4). 
 
Table (4): Sediment- quality guidelines of trace 
elements (µg/g) measured in fresh water 
sediments.  

USEPA 
(1997) 

Salomons & 
Förstner, 

(1984), USPHS 
(1997) 

Present trace 
metal levels Metal 

TEL PEL   
Zn 124 271 < 100 28 – 193.2 
Ni 15.9 42.8 45 – 65 2.8 – 74 
Cu 18.7 108 45 – 50 16.2 – 73.2 
Pb 30.2 112 20 - 30 10 – 43.2 
Cd 0.68 4.21 1 1.6 – 9.2 
 
 The previous table revealed that, these elements 
in Ismailia Canal sediments did not exceed the PEL 
guidelines for USEPA, (1997) except for Ni. On the 
other side the sediment concentrations of these 
elements showed higher level than acceptable 
guidelines cited by Salomons & Förstner, (1984), and 
USPHS, (1997). 
 
4. Statistical analysis 

 Correlation coefficient "r" is one of the most 
important statistical test to evaluate the strength or 
weakness relationships among physical and chemical 
parameters as well as trace metal concentrations 
determined in the this study. 
 The obtained results of correlation coefficient 
"r" revealed that water temperature showed positive 
correlations (n = 10, P < 0.05) among different 
physical and chemical parameters e.g. EC, TS, TDS, 
Cl-, SO4

2-, Ca2+, Mg2+, NO3
-, PO4

3- and SiO3
- (r = 0.56, 

0.53, 0.57, 0.51, 0.52, 0.49, 0.60, 0.46, 0.52 and 0.63 
respectively). It's showed that the important role of 
water temperature in the distribution of physical and 
chemical parameters in aquatic ecosystem. The 
negative correlation coefficient "r" between 
transparency with TS, TDS and TSS (r = -0.85, -0.84 
and -0.79) represented the inverse relationship 
between transparency and different solids forms. TS 
was found positive correlations with TDS and TSS (r 
= 0.99 and 0.93) revealed that the strong 
interrelationship among these solids. pH was 
controlled in the distribution of CO3

2- and HCO3
- 

related to through the positive correlations of pH with 
CO3

2- and HCO3
- (r = 0.5 & 0.79). Both of (Cl-, SO4

2-) 
and (Ca2+, Mg2+) were similar behaviour through the 
high significant correlation "r" at (n = 10, P < 0.05) (r 
= 1.0 and 0.98 respectively). The obtained results 
coincide with that finding by Abdel-Satar, (2008) on 
Manzalah Lake. Cl- & SO4

2- fulfilled a significant 
positive relationship with Ca2+ and Mg2+ (r = 1.0, 
0.98 and 1.0, 0.99) but CO3

2- and HCO3
- with two 

cations were negative correlations (r = -0.45, -0.59 
and -0.83, -0.87), this means that Ca2+, Mg2+ may be 
present in chloride or sulphat salts and not found as 
carbonate or bicarbonate salts in Ismailia Canal water. 
Also, the present results coincide with that reported 
by Elewa et al., (2001) on River Nile. Nutrient salts; 
NO2

-, NO3
-, NH3, PO4

3-, TP and SiO3
- through the 

statistical analysis "r" declared that high significant 
correlation between NO3

- and PO4
3-, TP and SiO3

- (r = 
0.99, 0.96 and 0.68) respectively, as well as PO4

3- 
with TP (r = 0.98) revealed the strong relationship 
between ortho and total phosphate.  
 The correlation coefficient among eighteen trace 
elements showed a positive correlation between Fe 
and Mn in water and sediment (r = 0.57 and 0.83) (n 
= 10 at P < 0.05) indicating that the association of 
two elements originates from a common source 
during transportation and/or depositional reactions. 
The positive correlation between concentrations of 
Mn/Zn, Mn/Cu, Mn/Pb and Mn/Al (r = 0.97, 0.66, 
0.36 and 0.49 respectively) indicates Mn oxide or 
hydroxide as part from the suspended matter plays an 
important role in the distribution dynamic of total 
trace metals in the canal water. These results agree 
with that reported by Abdel-Satar, (2008) on 
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Manzalah Lake. For other trace element 
concentrations in water and sediment were positively 
correlated with each other e.g. Fe, Mn, Cu and Pb (r 
= 0.62, 0.95, 0.58 and 0.72 respectively) revealing 
that the concentrations of these elements are 
dependent on each other. The other relationships 
among other trace elements (Ni, Co, Cr, Sr, V, Sb, Sn 
and Mo) were found not significant may be related to 
these elements were not detected in Ismailia Canal 
water and sediment.               
  
4. Conclusion 
 From previous discussion mentioned we can 
concluded that, the water quality parameters were 
slightly increase especially PO4

3- and TP during 

drought period. The point discharged of Abu Za’baal 
fertilizers company (VI) act as source of pollution in 
the Ismailia Canal. The order of detected trace 
elements in water and sediment were arranged from 
high to low concentrations as follows:  
Al > Fe > Mn > As > Zn > Pb > Cu > Cd > Ba and Al 
> Fe > Mn > As > Ba > Sr > Zn > V > Cr > Pb > Co 
> Cu > Ni > Cd  respectively.    
       The correlation coefficient showed that the 
strong inter-relationships among physical, chemical 
and trace metal concentrations measured in the 
Ismailia canal water and sediment. 

 

 

 
 

Fig. 1. The sampling locations of smailia Canal
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Table (1): Physicochemical parameters of the Ismailia Canal water during January, February and 

March 2007. 

Month January February March 

Parameters 
Sites 

I II III IV V VI I II III IV V VI I II III IV V VI 

Air Temp. (0C) 19 23 20 20 25 24 19 20 19 18.5 18.5 21 35 35 32 32 35 31 

Water Temp. (0C) 22 24 23 23 24 23 19.5 20 20 20 20.5 26 32 33 31 31 35 30 

Transparency (cm) 70 80 60 70 40 30 90 60 94 65 65 60 90 65 75 60 80 60 

EC (µmohs/cm) 340 341 346 348 358 392 358 375 361 360 367 742 342 347 346 343 350 369 

TS (mg/l) 252 222 222 288 232 398 272 300 256 270 262 742 260 276 232 260 290 300 

TDS (mg/l) 208 212 218 230 208 304 234 266 224 219 216 630 240 220 200 220 260 264 

TSS (mg/l) 44 10 4 58 24 94 38 34 32 51 46 112 20 56 32 40 30 36 

pH 8.3 8.1 8.2 8.2 8.1 7.3 7.5 7.9 7.4 7.4 8.0 3.9 8.2 8.3 8.4 8.5 8.2 8.0 

CO3
— (mg/l) 

ND 14.2 14.2 10.2 ND ND ND ND ND ND ND ND 4.84 4.84 2.42 2.42 ND ND 

HCO3
- (mg/l) 203 162 186 195 162 162 226 227 219 203 203 

150 
Acidity 220 180 180 180 196 211 

Cl- (mg/l) 38 40 38 40 38 62 36 36 34 34 32 60 30 30 30 30 30 124 

SO4
—(mg/l) 29.7 31.2 32.0 36.6 29.1 39 28.9 36.6 33.7 32 35 156 25 25 23 21 23 35 

Ca2+ (mg/l) 32 33 34 32 32 44 32 34 36 36 34 64 32 32 31 31 31 38 

Mg2+ (mg/l) 11 12 12 15 18 22 20 20 19 19 21 58 15 16 17 17 16 18 

DO (mg/l) 
10 9 8 8 8 7 8 8.4 7.2 8 7.2 6 8 8 8 8 7.6 8 

BOD (mg/l) 
3 4 4 4.4 4.6 3.3 2.8 5.6 3.6 3.6 5.2 2.4 4.4 4.4 4.4 4 4.4 4.4 

COD (mg/l) 
16 8 16 16 13 13 8 8 6 8 8 8 8 8 8 8 8 8 

NO2
-  (µg/l) 

12.2 18 16 15 9 12 16 17 10 11 12 15 12 11 10 9 10 11 

NO3
-  (µg/l) 

43 23 27 28 22 23 30 25 20 26 24 516 21 52 50 32 20 28 

NH3  (mg/l) 
0.40 0.50 0.50 0.41 0.40 0.43 0.18 0.36 0.45 0.11 0.12 0.19 0.15 0.18 0.14 0.15 0.26 0.29 

PO4
---  (µg/l) 

76.6 99.1 118.5 165.5 131.2 607 30.6 36 37 23 43 3503 25 49 34 38 54 605 

TP  (µg/l) 
160 109 207 427 167 713 147.8 1107 445 556 1177 4415 215 213 195 244 191 879 

SiO2
-  (mg/l) 7.70 5.70 3.4 2.73 2.45 5.5 1.7 1.6 1.52 1.44 2.31 4.0 3.43 3.55 3.12 3.20 3.5 4.0 

 
Table (2): Monthly variations of studied trace metals of Ismailia Canal water (mg/l) during January, 
February and March 2007. 

Month January February March  
Parameters 

Sites I II III IV V VI I II III IV V VI I II III IV V VI 

Fe 0.26 0.28 0.37 0.25 0.19 0.24 0.25 0.27 0.28 0.23 0.29 0.26 0.30 0.25 0.21 0.20 0.27 0.25 

Mn 0.12 0.18 0.17 0.15 0.100 0.14 0.15 0.17 0.16 0.11 0.13 0.12 0.10 0.15 0.13 0.12 0.11 0.16 

Zn 0.06 0.09 0.085 0.075 0.05 0.07 0.07 0.095 0.095 0.050 0.040 0.040 0.05 0.075 0.065 0.06 0.055 0.08 

Cu 0.018 0.019 0.009 0.008 0.005 0.007 0.017 0.019 0.019 0.015 0.014 0.014 0.015 0.017 0.0161 0.016 0.015 0.018 

Pb 0.028 0.029 0.019 0.018 0.015 0.017 0.027 0.029 0.010 0.016 0.016 0.018 0.025 0.027 0.021 0.020 0.020 0.020 

Cd 0.003 0.003 0.002 
0.001

8 
0.001

5 
0.001

8 
0.003 0.003 0.001 

0.001
6 

0.001
6 

0.001
8 

0.002
5 

0.002
7 

0.0016 
0.001

6 
0.001

5 
0.001

8 

Al 0.8 0.6 < 0.1 < 0.1 < 0.1 0.6 0.209 0.409 0.312 0.29 0.396 0.682 < 0.1 0.4 0.2 < 0.1 < 0.1 < 0.1 

Co ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Ni ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Cr ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Ba 
< 

0.000
5 

< 
0.000

5 

< 
0.000

5 

< 
0.000

5 

< 
0.000

5 

< 
0.000

5 
0.002 0.001 

< 
0.000

5 

< 
0.000

5 

< 
0.000

5 

< 
0.000

5 
0.002 0.001 

< 
0.0005 

< 
0.000

5 

< 
0.000

5 

< 
0.000

5 

As 
< 

0.01  
< 

0.01 
< 

0.01 
0.039 0.026 0.025 0.051  0.058 0.118 0.118 0.068 0.069 0.061  0.068 < 0.1 0.080 0.1 0.09 

Sr ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

V ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Sb ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Se ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Sn ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Mo  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
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Table (3): Monthly variations of studied trace metals of Ismailia Canal sediment (mg/kg) during January, 
February and March 2007. 

Mont
h 

January February March  
Paramete
rs Sites I II III IV V VI I II III IV V VI I II III IV V VI 

Fe 
183
48 

253
52 

217
64 

1756
8 

8112 
1642

0 
173
40 

230
52 

266
88 

1566
4 

1929
6 

1844
4 

139
00 

201
92 

1464
0 

1460
0 

2543
2 

2068
0 

Mn 
644.

8 
683.

6 
611.

2 
514.

0 
192.

8 
197.

2 
411.

2 
780.

0 
731.

6 
317.

2 
446.
84 

400.
8 

169.
6 

598.
4 

535.2 
504.

8 
226.

8 
645.

6 

Zn 59.2 
119.

2 
65.2 73.6 38.4 36.8 

118.
4 

141.
6 

134.
4 

51.6 
193.

2 
28.0 71.6 28.0 48.0 74.0 66.8 69.2 

Cu 31 60 28.3 45 16.2 19.6 32.1 27.6 27.8 30.2 19.8 13.2 29.7 33.5 26.3 52.2 15.0 25.6 

Pb 31.6 10.0 36.8 25.2 15.6 18.4 36.0 43.2 12.0 18.8 16.8 14.8 18.8 14.8 17.2 13.2 14.0 14.8 

Cd 3.6 2.4 1.6 4.8 5.2 6.0 2.80 2.04 2.52 3.40 2.56 3.60 3.6 9.2 4.8 4.0 7.6 4.0 

Al 
162
52 

476
80 

318
36 

2103
2 

1876
0 

1149
6 

187
88 

360
96 

369
08 

2341
2 

3338
8 

1974
0 

117
40 

303
00 

1867
2 

1892
4 

1712
8 

2614
0 

Co 6.0 6.0 16.8 6.4 2.0 4.0 4.0 11.6 16.4 23.2 2.0 26.0 34.0 30.4 35.2 25.2 23.6 36.4 

Ni 30.0 40.4 36.0 38.4 30.4 30.4 44.8 57.2 61.2 2.8 56.8 58.4 58.4 74.0 59.6 62.0 52.4 59.2 

Cr 12.0 44.8 76.8 40.4 32.8 14.8 81.6 66.4 
118.

0 
21.2 51.6 29.2 34.8 79.2 53.6 88.0 52.8 50.0 

Ba 132 332 
169.

2 
130.

4 
110.

8 
174.

8 
135.

2 
213.

6 
197.

2 
212.

8 
179.

6 
137.

6 
109.

2 
207.

2 
200.4 

208.
4 

168.
4 

191.
2 

As 160 350 180 150 120 190 166 225 210 230 200 150 115 218 220 225 210 212 

Sr 77.6 
223.

6 
200.

4 
124.

4 
70.8 66.0 92.4 

126.
8 

175.
6 

214.
8 

107.
2 

87.6 96.8 
108.

8 
109.6 79.6 84.4 

128.
4 

V 
125.

6 
169.

2 
118.

8 
57.6 43.2 42.4 44.0 30.8 24.4 

168.
0 

26.0 14.0 18.4 24.8 152.8 
151.

6 
107.

2 
111.2 

Sb ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Se ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Sn ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Mo  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
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