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APPLICATION OF A HYPHENATED FACILITY FOR SIMULTANEOUS 
SPECIATION STUDIES OF TOXIC OXIDATION STATES [Cr3+/Cr6+]  

AND [As3+/As5+] IN PRODUCED WATER FROM CRUDE OIL 
 

*AE Pillay, M Elkadi and S Stephen 
Department of Chemistry, The Petroleum Institute, PO Box 2533, Abu Dhabi, UAE 

  
ABSTRACT 

 
Produced water is the aqueous component of crude oil and has not been previously characterized for noxious oxidation 
states: Cr3+/Cr6+ and As3+ /As5+. It is often returned to the environment where it could create an unwanted hazard. It 
remains unexplored in this context largely because standard HPLC techniques do not permit convenient simultaneous 
separation of Cr3+/Cr6+ and As3+/As5+ due to proximity of corresponding retention times. Our group has adapted a facile 
process for rapid elution and concurrent mass separation of all four species in an affiliated HPLC/ICP-MS system 
equipped with a dynamic reaction cell (DRC). Oxygen gas was circulated through the DRC to remove interferences and 
enhance detection of the eluted components, especially the arsenic constituents. The stationary phase consisted of a C8 
deactivated silica based column (length 150 mm; internal diameter: 4.6 mm; particle size: 5 µm); and the mobile phase 
was composed of a mixture of TBAH/EDTA in 2% methanol/water, adjusted to a pH of 7.2. The rate of elution was 1 
mL/min; and recorded retention times (min) were: As3+: 1.81; As5+: 5.50; Cr3+: 1.83; and Cr6+: 5.74. The oxygen flow 
rate in the DRC was 0.7 mL/min. The Cr3+/ Cr6+ constituents were detected with m/z values of 52; the arsenic species 
coalesced with oxygen and were detected as adduct ions, AsO+, m/z, 91. Standard reference materials were deployed to 
test the competency of the analytical system. Typical recorded levels in the samples were: Cr3+: 0.5 – 20 mg/L; 
Cr6+/As3+/As5+: 1-5 µg/L. Our results were evaluated in terms of the potential source of toxicity of produced water to the 
environment. The significance of the study to petroleum and environmental science is discussed.   
 
Keywords: Cr3+/Cr6+ and As3+ /As5+, HPLC/ICP-MS, produced water, crude oil. 
 
INTRODUCTION 
 
The single most important advantage of a chemical 
speciation technique (Ball et al., 1998; Benramdane et al., 
1999; Del Razo et al., 2001; Eary and Rai, 1987; Katz and 
Salem, 1993) is that it has the unique ability to accurately 
pinpoint constituent toxic agents in natural samples that 
pose an environmental threat (Korte and Fernando, 1991; 
Le et al., 2000; Burguera and Burguera, 1997; Le et al., 
1996; Van Elteren et al., 2002). In this work a rapid 
procedure for toxic speciation of chromium and arsenic 
has been adapted (Nuebauer et al., 2004) for produced-
water studies using a combined (hyphenated) high 
performance liquid chromatography DRC-ICP-MS 
system [dynamic reaction cell-inductively coupled 
plasma-mass spectrometry]. The affiliated DRC-ICP-MS 
arrangement is well known for its superior performance 
and high sensitivity. The facility was optimised with the 
express purpose of isolating these species in a single run, 
and is especially useful for low sample volumes (about 50 
µL). When precious little sample is available, more than 
one isolation procedure may not be possible and complete 
separation in a single run is a great advantage. Other 
authors have used similar systems for individual 
speciation studies (Le et al., 1996; Van Elteren et al., 

2002) but simultaneous speciation is conveniently 
accomplished with the HPLC-DRC-ICP-MS facility. 
Particularly low detection limits can be attained (ng/L); 
and the system is designed to produce results within 
minutes. A notable advantage of the technique is that 
there is no recourse to extensive sample pre-treatment or 
pre-concentration procedures. 
 
Produced wastewater is the aqueous component separated 
from oil, and is usually returned to the environment. If 
such wastewater is disposed of in the environment, it 
could find its way into aquifers and pollute the water 
table. It could thus create an environmental hazard 
(Shearman, 1990; Robinson, 1993) especially if it 
contains noxious species such as Cr3+/Cr6+ and As3+ /As5+. 
According to the literature, produced water remains 
uncharacterised with regard to the species of interest, 
which are often present at levels beyond the reach of most 
modern techniques. Selected samples were subject to 
investigation to assay the species concerned and optimize 
the analytical performance of the system for routine 
studies of this nature. Our primary objective, therefore, 
was to conveniently adapt and optimize an HPLC-DRC-
ICP-MS facility for rapid chromium and arsenic 
speciation studies in produced wastewater. 

*Corresponding author email: apillay@pi.ac.ae 
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MATERIALS AND METHODS 
 
HPLC 
Samples of produced water were collected from different 
sites and processed for analysis. Isolation of the species of 
interest was achieved with a Perkin Elmer quaternary LC 
pump and solvent manager. The stationary and mobile 
phases were prepared according to Perkin Elmer 
specifications (Neubauer et al., 2004) and were 
considered optimum for peak shape and retention time. 
The mobile phase was composed of 1 mM tetrabutyl 
ammonium hydroxide (TBAH) + 0.5 mM EDTA 
(potassium salt) + 2% methanol in water. The mixture 
was adjusted to a pH of 7.2 with dilute HNO3. The 
stationary phase consisted of a C8 column, packed with 
base deactivated silica; column length: 150 mm; internal 
diameter:  4.6 mm; particle size: 5.0 µm; pore size 140 Å. 
The column was conditioned with the mobile phase prior 
to analysis and rinsed thoroughly with a methanol/water 
mixture at the end of each analysis to maintain its 
stability. The rate of elution was 1 mL/min. Certified 
standards containing appropriate levels of the species of 
interest were obtained from VHG Labs, UK. 
 
DRC-ICP-MS  
 
A Perkin Elmer SCIEX DRC-e ICP-MS was 
commissioned for mass separation of the eluted species. 
The nebulizer gas flow in the instrument was 0.80 L/min. 

The eluted solutions were conveyed to the core of the 
ICP-MS (Fig. 1) which was equipped with a dynamic 
reaction cell (DRC) for the suppression and elimination of 
interferences.  In the DRC oxygen was chosen as the 
reaction gas as it subdued ArC+ interferences with Cr+ at 
m/z 52; and combined with As+ to form an adduct ion, 
AsO+, m/z 91 (Neubauer et al., 2004). The formation of 
this adduct conveniently avoids interferences with other 
undesirable species: ArCl+ and CaCl+ at m/z 75 
(Neubauer et al., 2004).  The oxygen flow rate was 0.7 
mL/min. The instrument itself was standardized with a 
certified multiple standard (Fluka 70007; 10.00 ppb per 
element) and is linear over several orders or magnitude 
for aqueous samples.  
 
The composition of samples and standards was the same 
as that of the mobile phase. Prior to each run, the 
instrument underwent linear calibration and background 
correction. Marginal drift in instrumental measurements 
was compensated for by use of an internal standard. To 
test the analytical competency of the system, the 
repeatability of the instrument was examined for a range 
of elements in the multiple-standard. Based on the relative 
standard deviation (RSD) the results showed that in 
general values <5% were attained demonstrating that the 
precision of the system for aqueous samples was 
satisfactory (Table 1). 
 
 

 

Fig. 1. Schematic of the HPLC/DRC-ICP-MS system. 
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RESULTS AND DISCUSSION 
 
Speciation/Mass separation 
Chemical speciation studies tend to be convoluted largely 
because of the complexities that accompany the isolation 
of the species. The primary difficulty encountered with 
standard HPLC techniques to isolate all four species 
(Cr3+/Cr6+ and As3+/As5+) in a single run is the proximity 
of corresponding retention times. In this study the 
recorded retention times were:  As3+/As5+: 1.81 and 5.50 
min, respectively; and Cr3+/ Cr6+: 1.83 and 5.74 min, 
respectively. Clearly, in a conventional chromatographic 
separation overlap of these time intervals would hardly 
permit convenient collective separation of all four species 
– and would necessitate more than one isolation 
procedure. This is time consuming and presents 
difficulties, especially if sample sizes are limited to low 
volumes. The combination of chromatographic isolation 
followed by mass separation for all four oxidation states 
is unique and represents a marked attainment in 
instrumental analysis of this nature. Another noteworthy 
feature of the mass separation technique is its superior 
sensitivity. 

The separation procedure itself was emulated from 
literature studies and adapted for our specific purpose 
(Neubauer et al., 2004). Baseline problems arose (Fig. 2) 
in cases where the use of oxygen in the DRC  failed to 
completely eradicate the ArC+ interference associated 
with Cr+. To resolve this situation the oxygen flow rate 
was carefully adjusted to optimize the signal to noise 
ratio. 
                
Typical separation of the As3+ and As5+ species (standard) 
appears in figure 3. The peaks are distinct and clearly 
resolved, and the asymmetry factors (Dolan, 2003) 
relating to tailing are acceptable. The “hump” at about 7.8 
min has not been identified, and it is not clear at this stage 
if this feature represents a constituent of the numerical 
analysis or is a minor perturbation due to slight 
aberrations in the solvent elution. However, it does not 
interfere with the overall analysis and could be an 
interesting subject of future investigation.  The tailing 
factor is also satisfactory for the chromium species as 
delineated in the chromatogram in figure 4, which 
represents the Cr3+ component in produced water. The 
marginal shoulder on the peak (in Fig. 4) was attributed to 

Table 1. Repeatability test of the ICP-MS for various elements (µg/L) in an aqueous standard. 
 

Element Run # 1 Run # 2 Run # 3 Run # 4 Mean RSD % 
V 9.51 9.74 9.90 9.51 9.67 1.97 
Cr 9.82 9.61 9.39 9.82 9.66 2.13 
Co 10.2 10.1 9.34 10.2 9.96 4.20 
As 10.2 9.42 9.29 10.2 9.80 5.24 
Mo 11.0 11.1 10.4 11.0 10.9 2.87 
Cd 9.51 10.1 9.82 9.51 9.73 2.74 
U 10.0 9.65 10.1 10.1 9.98 2.23 

 

 
 
Fig. 2. Poor baseline in a typical chromatogram of chromium species due to interference from ArC+ . 
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slight fluctuations in the elution rate. Table 2 presents 
typical concentrations of all species in produced water 
samples. The range of concentrations recorded in this 
study is as follows: Cr3+:  � 0.5–20 mg/L;    
Cr6+/As3+/As5+:  � 1-5 µg/L. To forecast produced water 
as a potential source of toxicity, it is necessary to consider 
acceptable levels in environmental/municipal waters 
(Neubauer et al., 2004): <1 µg/L for Cr3+; <4 ug/L for 
Cr6+; and <1 µg/L for As3+ /As5+.  From the perspective of 
a potential environmental threat to potable sources, the 
recorded values in table 2 show that Cr3+ levels are 
elevated, in some cases by a factor of more than 10. The 
levels of Cr6+, As3+ and As5+ (in some samples) are also 
pronounced, indicating that produced water can be a 
significant source of toxicity. The toxic nature of these 
species to human health has been previously documented 
(Benramdane et al., 1999; Katz and Salem, 1993) and is 
discussed in more detail below.   
 
Impact of the study 
The primary significance of the study is that all four 
species can be conveniently eluted and detected in a 
single run (Fig. 5). Simultaneous separation of this nature 
is not conveniently achieved with other contemporary 
methods or with conventional HPLC systems because 

they are not as sensitive (Korte and Fernando, 1991). As 
aforementioned, a distinct advantage of accomplishing 
this isolation all at once is that if only small volumes of 
sample are available the determination is still practicable. 
The technology has implications for other studies such as 
biomedicine and immunology where only minimal 
volumes of body fluid are available for assay. The study 
also has environmental implications because it can be 
associated with sustainable development (Shearman, 
1990; Robinson, 1993; Pillay et al., 2010). Produced 
waste water, if consigned to the environment, could affect 
subterranean sources. Many oil-bearing countries are arid 
regions, and depend on surface streams and underground 
supplies to feed livestock and for domestic purposes 
(Pillay et al., 2010). If such wastewater penetrates the 
water table, consequences could be serious. As a result, 
various components of the ecosystem could be affected 
leading to undesirable pollution. Wastewater extracted 
from oil, therefore, has the potential to become a 
significant source of ground water pollution, especially if 
it has elevated levels of chemical toxins (Benramdane et 
al., 1999; Korte and Fernando, 1991). The likely threat to 
sustainable development is therefore of material concern 
(Shearman, 1990; Robinson, 1993). The cytotoxic nature 
of chromium and arsenic species has grown in interest 

Table 2. Levels of species of interest (µg/L) in produced water samples. 
 

Specie
s 

Sample 
#1 

Sample 
#2 

Sample 
#3 

Sample 
#4 

Sample 
#5 

Sample 
#6 

Sample  
#7 

Sample  
#8 

Sample  
#9 

Sample 
#10 

Cr 3+ 434± 9 1816±  
9 

2275± 
8 

867± 9 1965± 
9 

1725±  
8 

622±     
18 

1209±   
33 

1023±   
30 

624±     
23 

Cr 6+ 4.51± 
0.13 

4.94± 
0.14 

4.97± 
0.10 

7.63± 
0.29 

7.21± 
0.14 

6.77± 
0.16 

7.23± 
1.30 

6.55± 
0.17 

6.44± 
0.19 

4.39± 
0.11 

As 3+ 2.36± 
0.04 

4.16± 
0.14 

5.36± 
0.12 

15.5± 
0.4 

3.33± 
0.07 

3.74± 
0.05 

11.5±   
0.2 

10.3±   
0.2 

9.86± 
0.20 

6.97± 
0.17 

As 5+ 0.79± 
0.02 

1.30± 
0.04 

1.58± 
0.05 

2.68± 
0.10 

0.85± 
0.02 

0.78± 
0.02 

1.04± 
0.03 

0.99± 
0.03 

2.05± 
0.04 

1.26± 
0.04 

 

 
Fig. 3. Eluted arsenic species portraying distinct features of As3+ and As5+ 
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(Benramdane et al., 1999; Katz and Salem, 1993). The 
hexavalent form of chromium (Cr6+) is more toxic than its 
trivalent form, Cr3+ (Benramdane et al., 1999). However, 
elevated levels of Cr3+ in humans tend to inhibit iron 
uptake, which could lead to multiple disorders. On the 
other hand, trivalent arsenic (As3+) is known to be more 
cytotoxic than the pentavalent species, As5+ (Katz and 
Salem, 1993). The presence of elevated levels of 
inorganic arsenic in humans leads to vascular diseases and 
cancer (Katz and Salem, 1993). Our results show Cr3+ 
concentrations represent a significant source of toxicity 
and could pose a hazard if produced water of this nature 
reaches potable water supplies. The Cr6+/As3+/As5+ levels 
also appear menacing and remedial measures for removal 
of Cr and As species by chemical means would be apt 
prior to disposal of the produced water by-product. 
Another option would be either to immobilize the water 
by storing in vitreous slabs or in underground bunkers; or 
to convert it to a sludge using sand and aggregate, and 

subsequently constructing concrete blocks for storage in 
subterranean caverns (Pillay et al., 2010).     
 
CONCLUSIONS 
 
Our study provides significant speciation data (Cr3+/Cr6+ 
and As3+ /As5+) for produced water, which is of 
considerable practical interest to petroleum engineers and 
environmentalists. This essential information is not 
available in the documented literature and from this 
perspective our research breaks new ground. The fact that 
all four species can be isolated in a single run employing 
an HPLC/DRC-ICP-MS system implies the facility could 
be extended for rapid simultaneous assay of other toxic 
species including Se4+/Se6+ and Hg2+/Hg+. The notable 
feature of this instrumental arrangement is that it caters 
for comparatively low sample volumes, which makes it 
useful for applications in other disciplines such as 
biomedicine and immunology. Our results were evaluated 

 
Fig. 4. Chromatogram of Cr3+ from produced water. 

 
Fig. 5. All chromium and arsenic species in a single run. 
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in terms of the potential hazard to the environment that 
produced water could cause if it were a source of toxicity. 
The relevant levels recorded in our study were elevated 
suggesting they could pose a threat to potable water 
supplies if such wastewater is returned to the ecosystem. 
One suggested remedial measure is to immobilize the 
produced water in vitreous or concrete slabs for 
subterranean storage. 
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ABSTRACT 

 

Addition of biochar to soils has the potentials to reduce the emission of greenhouse gases from soil. The primary 

objectives of this study were to see the impacts of biochar and the corresponding biomass application on the emission of 

carbon dioxide (CO2), carbon monoxide (CO), phosphine (PH3) and volatile organic compounds (VOCs) from soil 

investigated in a closed container experiment. Three replications of seven different treatments were applied: i) soil only 

(control), soil incorporated with - ii) rice husk,  iii) biochar produced from rice husk, iv) straw, v) biochar from straw, vi) 

saw dust and vii) biochar produced from saw dust. The study reveals that addition of biochar had significant effects 

(P<0.05) on reducing CO2 and PH3 emission while no statistically significant effects on VOCs emanation was evident.  

Application of biochar could not suppress the CO emissions. Our study indicates that, different types of biochars have 

different effects on the emission of different gases.  

 

Keywords: Biochar, gas emission, soil health. 

 

INTRODUCTION 
 

Climate change is one of the most important challenges 

facing the modern world. Carbon dioxide (CO2), methane 

(CH4) and nitrogen oxides (NOx) are important drivers of 

the anthropogenic greenhouse effect, which are released 

both through burning of fossil and biomass fuel as well as 

decomposition of above and below-ground organic 

matter. Over time, these emissions have contributed to the 

overall effects of global warming. Every year the world 

wide carbon dioxide (CO2) emissions from energy needs 

increases, and by the year 2020 the world will produce 

33.8 billion metric tons up from 29.7 billion metric tons in 

2007 (US Energy Information Administration, 2010). 

  

A growing body of evidence suggests that agricultural 

emissions contribute to environmental and human health 

problems. The Carbon dioxide emission from the soil to 

the atmosphere is the primary mechanism of carbon loss 

from the soil (Parkin and Kaspar, 2003) which in turn 

contribute to the global greenhouse gas emission. Forest 

ecosystems that are now net sinks for CO2 might become 

net sources after about 2050, if the projected temperature 

rise becomes a reality (Cox et al., 2000). Agricultural 

intensification comes with a downside:  a number of 

nitrogen-sulfur- and carbon-containing compounds, 

including ammonia, nitrogen oxides, nitrous oxide, 

hydrogen sulfide, methane, carbon dioxide and volatile 

organic compounds are emitted through agricultural 

operations (Aneja et al., 2006). Some agricultural air 

pollutants (for example, ammonia, hydrogen sulfide, toxic 

organic compounds, pesticides, insecticides, and 

particulate matter) can affect human health as well as the 

comfort, health and production efficiency of animals 

(Donham et al., 1982). According to some schools of 

thought, applying biochar into the soil to sequester carbon 

as well as to limit the emission of nitrogenous gases from 

soil is a realistic platform. The emergence of biochar, 

from the pyrolysis of biomass, as a carbon sink is not new 

and has been proposed before (Seifritz, 1993) but was not 

explicitly linked to an application to soil. The introduction 

of biochar (charcoal or carbon derived from biomass via 

pyrolysis) to the soil produces a long-term carbon sink in 

terrestrial ecosystems (Lehmann et al., 2006). Biochar 

slows down the decaying and mineralization of the 

biological carbon cycle to establish a carbon sink and a 

net carbon withdrawal from the atmosphere. Additionally 

calculations have shown that putting this biochar back 

into the soil can reduce emissions by 12-84 percent of 

current values; a positive form of sequestration that offers 

the chance to turn bio-energy into a carbon negative 

industry (Lehmann, 2007). 

 

Albeit the promising prospect of biochar utilization, with 

some observations reporting negative consequences on 

soil and crop production along with the high initial energy 

consumption during the manufacturing of biochar, (Laird 

et al., 2008) however, the specific objectives of this study 

were to examine: (1) the comparative effectiveness of 

biochar and biomass application in suppressing the 

emission of carbon dioxide (CO2), carbon monoxide 

(CO), phosphine (PH3) and volatile organic compounds 

(VOCs) from soil and (2) the comparative effectiveness of 

the biochars of different provenances. 
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MATERIALS AND METHODS 

 

Biochar production 

Biochar was produced from the raw materials of disparate 

sources; rice husk, straw and saw dust, employing the 

process of slow pyrolysis. A large hollow earthen pot was 

filled with dry wooden chips (smeared with some diesel) 

and the opening end of the pot was covered with an iron 

net of considerable resilience to withstand high 

temperature. Four small earthen pots, filled with 

biomasses and made impregnable to air penetration, were 

placed upon the iron net. Wooden chips were kindled and 

the pyrolysis initiated. Forty five minutes later, the fire 

was put off and after considerable cooling period the 

small pots were inspected to confirm the biochar 

production. This system can be termed as open fire 

system. 

 

The produced biochar were then subjected to further 

processing. The biochar particles were passed through a 

set of sieve of 2 to 0.2mm. Biochar samples were 

preserved in plastic containers. Labeling of the produced 

biochars was as follows: 

1.  Rice Husk-Biochar: BC-1,  

2.  Straw- Biochar: BC-2, and  

3.  Saw Dust- Biochar: BC-3 

 

Biochar can be produced from different types of organic 

feedstock but for this study biomasses were collected 

from different corners of Bangladesh. For instance, rice 

husk was collected from a rice mill, straw from a rice 

field and saw dust from (mango wood) from a saw mill. 

 

Biomasses were excised into small pieces only in case of 

straw and then were flailed in a grinder machine. Ground 

samples were screened through a 0.2mm stainless still 

sieve. The sieved samples were then mixed thoroughly for 

making a composite sample. Biomass samples were 

preserved in plastic containers. The labeling of the 

biomasses was as follows:  

1.  Rice Husk-Biomass: BM-1 

2.  Straw-Biomass: BM-2 and  

3.  Saw Dust-Biomass: BM-3 

 

Soil sample collection 

Soil samples were collected from a depth of 0-15cm by 

composite soil sampling method as suggested by Imamul 

Huq and Alam (2005) from Manikganj Sadar upazila, 

Manikganj, Bangladesh (51°.884 N and 90°06.219 E). 

The soils thus collected belong to the Young Brahmaputra 

Floodplain representing the Melandaha series (Fig. 1). 

The soil texture is silt loam (sand: 13.9%, silt: 74.1%, 

 
 

 Fig. 1. The GPS-GIS based location map of the soil sampling site. 
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clay: 12.0%). The Melandaha series consists of 

intermittently or seasonally very shallowly flooded, 

imperfectly to poorly drained, very weakly developed 

medium textured soil. They have grey to olive grey, finely 

mottled, usually structure less, very fine sandy loam to silt 

loam below top soil. They are near neutral in reaction.  

The soil is Aeric Haplaquepts (Imamul Huq and Shoaib, 

2013). 

 

The collected soil samples were dried in air for 3 days (at 

~40°C), freed from visible roots and debris. To expedite 

the drying process, the soil samples were exposed to 

sunlight and a consequent hammering (with a wooden 

hammer) to get rid of massive aggregates. Ground 

samples were screened through a 5mm stainless still 

sieve. The sieved samples were then mixed thoroughly for 

making a composite sample. Soil samples were preserved 

in plastic containers.  

 

The experimental setup 

For detecting and measuring the emissions of different 

gases, plastic containers of 5 liter capacities were 

procured from the local market. A total of 21 containers 

were used and each received a special modification 

treatment for capturing evolved gases. At first, the 

containers were washed properly with distilled water and 

dried in sunlight and stored. The containers were made 

completely air tight thus had no leaks in them. Two vents 

were made deliberately on each of the containers for two 

different purposes. The first one was made on the top of 

the lid in order to make a passage for inserting the probes 

which detected and measured evolved gases. The other 

one was made on the sides of each container to insert a 

canola for application of water during the incubation 

period. Plastic funnels were used to hold water and a 9 

inches rubber tube acted as conduit between the funnel 

and the canola. A small piece of bamboo stick was tied to 

each container to hold the funnel on top of the whole 

system. Each funnel was wrapped with cotton and 

aluminum foil for proper concealment (Fig. 2). The foil 

and cotton were only removed when it was time to apply 

water to the system. A 2.5kg of the 5mm sieved soil was 

used for each pot. The sieved soil was mixed with 

biomass and biochar at the rate of 5ton/hectare (each pot 

with 2.5kg of soil received 5gm of biochar or biomass). 

All treatments were in triplicates. Volume inside each 

container after filling them with soil was 3.3liter. Surface 

area of the soil inside the container was calculated by the 

“πr
2”

 formula as the shape of the container was round. 

Impacts of the biochars as well as of the corresponding 

biomasses on the greenhouse gas emission from soil were 

observed over a period of 60 days. In the first month of 

incubation, observations were made on every alternate 

day. In the second month, observations were made every 

week for 4 consecutive weeks. The designs of the 

experiments are shown in table 1. 

 

Table 1. Design of the container arrangement. 
 

Treatment 

No. 
Treatments Symbols 

1-3 Control soil (only soil) C 

4-6 Soil + Rice husk (Biomass) BM-1 

7-9 Soil + Rice straw(Biomass) BM-2 

10- 12 Soil + Saw dust (Biomass) BM-3 

13-15 Soil + Rice straw (Biochar) BC-1 

16-18 Soil + Rice husk (Biochar) BC-2 

19-21 Soil + Saw dust (Biochar) BC-3 

 

Detection and measurement of greenhouse gases 

For the determination of CO2 and CH4 a portable CO2 

meter manufactured by Columbus Instruments was used. 

The results shown by this instrument is in percentage of 

the volume of air in the container. On the other hand, NO, 

PH3, H2S, VOCs, CO and NH3 were detected and 

measured by an Indoor Air Quality monitor kit 

manufactured by Wolf stream which gave the data on 

parts per million basis. 

  

The amount of gas emitted was converted to Kg/ha or 

gm/ha as follows: 

 

For CO2 (lit/ha) = (amount in ml × 10,000) / (surface area 

of the soil in the container ×1000)  

 

As per law: V1/T1 = V2/T2   

 

Here, 

V1 = Volume of the CO2 in the container; T1 = 

Temperature of the observation day; V2 = Volume of gas 

at S.T.P.  And T2 = Standard temperature = 293 K 

 

So volume of CO2 in the container = (V2 × T2) / T1 

 

Again, we know, ρ = m × v 

 

Where,  

 ρ = Density of CO2 at standard temperature and pressure; 

v = Volume of CO2 determined at standard temperature 

and pressure and m = Mass of CO2  

 

Now, m = (ρ × V1) Kg/ha of CO2.  

 

For the gases other than CO2, observed values in parts per 

million (ppm) were converted into percentage and then 

calculated as above.  

 

Statistical analysis  

All the data in the present experiment were statistically 

analyzed by using Microsoft Excel and/or MINITAB 

(version 16) Packages.      
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Fig. 2. Containers to capture evolved gases.  

 

RESULTS AND DISCUSSION 

 

Impact of Biochar and Biomass on the Evolution of 

Carbon Dioxide from Soil 

The effects of biochar and biomass on the evolution of 

carbon dioxide (kg/ha) as affected by the various sources 

of biomasses and biochars were observed for over a 

period of 60 days. The gas evolved is expressed as kg ha
-1

 

and the results are presented in the table 2 and the pattern 

of CO2 evolution is graphically presented in the figures 3 

(a, b, c). 

The average emission of carbon dioxide from control soil 

(63.1kg/ha) is considerably lower compared to all the 

biomass treated soils (Table 2). Soils treated with 

biochars indicate higher average emission of carbon 

dioxide than the control soils, except for rice husk biochar 

treated soil (Table 2). While comparing the average 

carbon dioxide emission from biochar treated soils with 

their corresponding biomass counterparts, saw dust 

biochar application showed higher average values (87.6 

kg/ha) while the remaining other two stated the opposite 

(Table 2).   
 

Table 2 and the figures 3 (a, b, c) show the emission 

trends over 60 days of all the treatments and reveal 

somewhat resemblances in emission trends among each 

other except for saw dust treatment (both biomass and 

biochar). Throughout the entire experiment, the emission 

of carbon dioxide from BM-1 and BM-2 soils show 

increasing trends compared to BC-1 and BC-2 soils which 

exhibit a continuous declining trend (Fig. 3 a and b). The 

average carbon dioxide emissions from BM-1 and BM-2 

soils were 98.2 kg/ha and 99.0 kg/ha, respectively, and 

are significantly higher compared to the average 

emissions from BC-1 and BC-2 soils (59.5 kg/ha and 71.1 

kg/ha, respectively) (Table 2). The validation of these 

empirical data yielded significant results (P value 0.00) at 

Table 2. Quantities of carbon dioxide (kg ha
-1

) emitted from differently treated soils. 
 

Day Control BM-1 BC-1 BM-2 BC-2 BM-3 BC-3 

1 83.3 86.5 107.5 87.8 114.9 144.5 265.7 

3 51.4 85.9 80.0 91 112.6 123.5 216.3 

5 62.0 91.5 83.0 96.8 107.2 95.7 186.1 

7 52.8 92.9 79.2 117.9 99.2 85.5 148.8 

9 54.9 100.4 76.1 109.7 94 80.3 136.3 

11 59.0 178 77.9 131 93.7 67.4 107.4 

13 55.6 136.4 76.6 119.2 88.1 71.3 88.1 

15 58.1 118.3 67.6 107.6 89.8 83.5 71.8 

17 56.5 108.8 61.8 107.6 75.7 80.0 57.6 

19 48.0 89.2 60.5 96.7 63.7 62.7 49.9 

21 54.4 91.7 49.0 96.1 59.7 70.4 43.7 

23 123.8 122.7 52.3 156.8 56.6 65.1 40.6 

25 115.0 104.6 44.7 130.4 60.7 78.8 36.2 

27 88.7 91.9 41.2 93.1 43.3 65.5 33.8 

29 73.6 96.7 41.0 78.3 51.5 72.5 41.0 

38 47.8 88.2 30.8 67.7 44.6 82.9 47.8 

45 41.2 80.3 40.1 74.5 42.3 60.2 40.1 

52 37.2 54.2 27.6 63.5 28.7 39.9 24.4 

59 35.7 48.4 33.6 55.6 24.2 41.0 29.4 

Average 

emission 
63.1 98.2 59.5 99.0 71.1 77.4 87.6 
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5% level. However, the observations indicated that 

biochar had a visible positive effect in reducing carbon 

dioxide emission from soil only after a certain period (16 

days after the initiation of the experiment). It concurs with 

the findings of Yoo and Kang (2012) and Kammann et al. 

(2012) who stated that biochar created at higher pyrolysis 

temperatures caused a greater reduction in cumulative 

CO2 release.  Similar findings have also been mentioned 

by Qayyum et al. (2012) who measured cumulative CO2 

released from three soils amended with either nothing, 

 

Fig. 3 (a). Emission trends of carbon dioxide from Control, BM-1 and BC-1 soils. 

 

Fig. 3 (b). Emission trends of carbon dioxide from Control, BM-2 and BC-2 soils. 

 

Fig. 3 (c). Emission trends of carbon dioxide from Control, BM-3 and BC-3 soils. 
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wheat straw (biomass), hydrochar (200°C), low-

temperature biochar (sewage sludge pyrolyzed at 400°C), 

or charcoal (550°C). Cumulative CO2 released generally 

followed the order: wheat straw (biomass) > hydrochar > 

low temperature biochar > charcoal = control. In our 

experiments, however, few erratic features were observed 

for carbon dioxide emission from BC-3 soil. In contrast to 

a high initial emission quantity (265.7kg/ha on day 1), the 

emission however gradually reduced eventually at the 

termination of the experiment. The soil incorporated with 

the corresponding biomass, BM-3, showed a low and 

steady pace throughout (Table 2 and Fig. 3c). The average 

emission of carbon dioxide from BC-3 soil and BM-3 soil 

were 87.6 kg/ha and 77.4 kg/ha, respectively (Table 2). 

Regardless of the treatments, Control, BM-1 and BM-2 

soils showed a similar high emission peak at the fourth 

week of emission while  the soils treated with the 

corresponding biochars did not show the peak, rather they 

exhibited a declining trend throughout (Figs. 3 a, b, c). 

 

Impact of Biomass and Biochar on the Evolution of 

Carbon Monoxide from Soil 

Results relating to the evolutions of carbon monoxide 

(kg/ha) are presented in the table 3 and the pattern of CO 

evolution is graphically presented in the figures 4 (a, b, c). 

In contrast to what has been observed for carbon dioxide 

emission, the soils treated with biochars, regardless of 

their disparate sources showed no significant effect in 

reducing carbon monoxide (P= 0.921 on day 30 and 

P=0.997 on day 60 at 5% level). The quantities emitted 

and the trend of emission from all the soils showed an 

anomalous pattern (Table 3 and Figs. 4 a, b and c). It was 

also observed that the average emission of carbon 

monoxide was the highest from the soil treated with 

biochar produced from saw dust (BC-3 soil) (3.64 kg/ha) 

over the other treatments in a 60 days period whereas the 

lowest average emission was observed from the control 

soil (3.54 kg/ha) (Table 3). 

 

Carbon monoxide is apparently produced from the 

thermal decomposition of humic acids and other organic 

material (Conrad and Seiler, 1985). It appears that biochar 

has no significant effects on carbon monoxide emission. 

This is somewhat unexpected as due to biochar‟s inherent 

stability, it is hypothesized that application of biochar to 

soils results in greater soil carbon sequestration potential 

than would result from application of biomass of similar 

carbon content (Kwapinski et al., 2010). But as the soil 

surface is in contact with oxygen in the containers, 

majority of the carbon monoxide might have oxidized to 

carbon dioxide. 

 

Impact of Biomass and Biochar on the Evolution of 

Phosphine from Soil 

The effects of biochar and biomass on the evolution of 

phosphine (g/ha) from soil are presented in the table 4 and 

the pattern of phosphine evolution is graphically 

presented in the figures 5 (a, b, c). 

Table 3. Quantities of carbon monoxide (kg/ha) emitted from differently treated soils. 

 

Day Control BM-1 BC-1 BM-2 BC-2 BM-3 BC-3 

3 3.31 3.31 3.28 3.31 3.26 3.31 3.26 

5 3.28 3.34 3.46 3.34 3.46 3.43 3.49 

7 3.41 3.43 3.47 3.43 3.51 3.47 3.52 

9 3.49 3.49 3.49 3.49 3.52 3.48 3.54 

11 3.56 3.62 3.54 3.55 3.55 3.54 3.54 

13 3.59 3.59 3.65 3.59 3.63 3.61 3.59 

15 3.53 3.51 3.58 3.51 3.57 3.54 3.57 

17 3.41 3.64 3.69 3.64 3.70 3.69 3.72 

19 3.72 3.73 3.73 3.73 3.74 3.72 3.75 

21 3.54 3.59 3.67 3.59 3.69 3.64 3.71 

23 3.78 3.87 3.92 3.87 3.93 3.92 3.96 

25 3.75 3.76 3.79 3.76 3.79 3.79 3.79 

29 3.83 3.82 3.77 3.82 3.79 3.77 3.81 

38 3.28 3.25 3.32 3.25 3.31 3.27 3.31 

45 3.13 3.17 3.30 3.17 3.34 3.27 3.38 

52 3.74 3.84 3.96 3.84 3.98 3.95 3.99 

59 3.90 3.94 3.94 3.94 3.95 3.92 3.93 

Average 

emission 
3.54 3.58 3.62 3.58 3.63 3.61 3.64 
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Table 4 and figure 5 (a, b and c) show that regardless of 

various applied treatments, all the soils have followed, 

though fluctuating, a resembling pattern. A steeper 

decreasing trend is particular in the biochar treated soils 

(Figs. 5 a, b and c). Soils treated with biochars exhibited 

lesser quantities of phosphine emission on an average 

compared to biomass treated soils as well as to the 

Control soil (Table 4). The average emission of phosphine 

from Control soil is the highest and soils receiving 

biochar treatments emitted the least (Table 4). The 

average emission from BM-1 soil (0.15gm/ha) is higher 

compared to BC-1 soil (0.13gm/ha) and this is true for the 

 

Fig. 4 (a). Emission trends of carbon monoxide from Control, BM-1 and BC-1 soils. 

 

Fig. 4 (b). Emission trends of carbon monoxide from Control, BM-2 and BC-2 soils. 

 

Fig. 4 (c). Emission trends of carbon monoxide from Control, BM-3 and BC-3 soils. 
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rest of the soils where phosphine emission from biomass 

(straw and saw dust) treated soils exceeded the average 

emission quantities compared to their corresponding 

biochar treatments (0.14 gm/ha from both biomass treated 

soils and 0.13gm/ha from both biochar treated soils) 

(Table 4).  

 

Although, emission from saw dust treated soil was fairly 

high (0.13 gm/ha on day 7) from the inception compared 

to soil treated with corresponding biochar (0.09 gm/ha on 

day 7) yet, by the end of the experiment, BC-3 soil 

yielded far less (0.16 gm/ha on day 59) phosphine 

compared to BM-3 soil (0.19gm/ha on day 59) (Table 4). 

The initial emission from BM-1soil (0.13gm/ha on day 5) 

is lower compared to BC-1 soil (0.16gm/ha on day 5). In 

the mid-phase of the experiment phosphine emission from 

BC-1 is lower than the BM-1 soil on several occasions 

(Table 4) and finally by the terminal period of the 

experiment BC-1 yielded lower than BM-1 on an average 

(Table 4).  

 

Gundale and DeLuca (2006) assessed that combustion or 

charring of organic materials can greatly enhance 

phosphorus availability from plant tissue by 

disproportionately volatilizing carbon and by cleaving 

organic phosphorus bonds, resulting in a residue of 

soluble phosphorus salts associated with the charred 

material which in turn will increase the phosphine 

emission from soil. The available phosphorus content in 

biochar treated soils have been found to have greatly 

increased compared to biomass treated soils after 60 days 

of incubation at field capacity (Personal communication, 

Khadiza Tahera Khan) and the conducted study complies 

with this finding as because decreased trends in emission 

of phosphine from biochar treated soils is observed. 

Moreover, several bacteria for instance, Bacillus 

krulwichiae, Bacillus flexus, Bacillus sylvestris 

Aneurinibacillus aneurinilyticus, Paenibacillus apiaris, 

Bacillus siralis, and Bacillus badius have been found in 

the differently treated soils after 30 days (Personal 

communication, Tazeen Fatima Khan) and perhaps these 

micro organisms are responsible for reinitiating the 

emission of phosphine gas after 30 days of incubation.  

The results are valid on a statistical ground indicating 

their significance (P value 0.00) at 5% level and indicate 

that biochar has a positive effect in reducing phosphine 

production from soil, however, this effect is visible only 

after a certain period (18 days after the initiation of the 

experiment) 

 

Impact of Biomass and Biochar on the Evolution of 

Volatile Organic Compounds from Soil 

The effects of biomass and biochar on the retention of 

volatile organic compounds (g/ha) from soils are 

presented in the table 5 and the patterns of VOCs are 

graphically presented in the figures 6 (a, b, c). 

 

Table 5 and the figure 6 (a, b, c) express that regardless of 

 

Table 4. Quantities of phosphine (gm/ha) emitted from differently treated soils. 

 

Day Control BM-1 BC-1 BM-2 BC-2 BM-3 BC-3 

3 0.12 0.12 0.12 0.12 0.15 0.12 0.12 

5 0.16 0.13 0.16 0.13 0.16 0.16 0.13 

7 0.13 0.13 0.09 0.09 0.09 0.13 0.09 

9 0.13 0.13 0.13 0.16 0.13 0.16 0.13 

11 0.16 0.16 0.13 0.16 0.16 0.13 0.16 

13 0.16 0.16 0.16 0.13 0.13 0.16 0.13 

15 0.13 0.13 0.10 0.13 0.13 0.13 0.13 

17 0.19 0.19 0.19 0.19 0.19 0.19 0.19 

19 0.19 0.22 0.16 0.19 0.16 0.16 0.16 

21 0.16 0.16 0.19 0.19 0.16 0.19 0.16 

23 0.22 0.19 0.16 0.19 0.16 0.16 0.16 

25 0.19 0.13 0.10 0.13 0.10 0.13 0.10 

29 0.09 0.09 0.06 0.13 0.06 0.09 0.06 

38 0.10 0.06 0.03 0.03 0.03 0.06 0.03 

45 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

52 0.22 0.19 0.19 0.19 0.16 0.19 0.16 

59 0.19 0.19 0.19 0.19 0.19 0.19 0.16 

Average 

emission 

0.15 0.15 0.13 0.14 0.13 0.14 0.13 
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various applied treatments, the production of volatile 

organic compounds followed a definite pattern in all 

cases.  The Control soil showed the least amount of 

volatile organic compound production. On an average, 

emission was the least from the Control soil (9.5gm/ha) 

whereas soil receiving biochar treatments of saw dust, 

BC-3 soil, yielded the highest amount (10.4gm/ha) which 

was almost identical compared to the emission from its 

corresponding biomass (10.3gm/ha) (Table 5). The 

average emission from soils treated with biomass rice 

 

Fig. 5 (a). Emission trends of phosphine from Control, BM-1 and BC-1 soils. 

 

Fig. 5 (b). Emission trends of phosphine from Control, BM-2 and BC-2 soils. 

 

Fig. 5 (c). Emission trends of phosphine from Control, BM-3 and BC-3 soils. 
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husk was (10.08gm/ha) higher than their corresponding 

biochar (9.37gm/ha) treatments, whereas emission from 

the soils having biomass straw also expelled higher 

(10.3gm/ha) amount compared to the soil treated with the 

corresponding biochar (9.6 gm/ha) (Table 5). Among the 

biochar treated soils, average emission of volatile organic 

compounds from BC-1 (9.37gm/ha) was the least 

indicating the fact that rice husk biochar is better in 

suppressing volatile organic compounds loss (Table 5).  

 

To surmise, except for BC-3 soil, the retention of volatile 

organic compounds was more prominent in the case of 

soil treated with biochar produced from rice husk (BC-1 

soil) than all the biomass treated soils. Statistical analysis, 

based on the empirical data, revealed significant results (P 

value 0.426) at 5% level and this phenomenon was only 

visible after 5 days of the experiment. 

 

A very interesting feature of volatile organic compounds 

emanation from soil was observed in the mid- phase of 

the experiment. During the fourth and fifth week, 

discharge of VOCs from all the soils, regardless of their 

applied treatment, reduced down to nearly nil and on day 

29, emission from the soils treated with biochars literally 

seized to exist (0.00gm/ha) (Table 5 and Figs. 6 a, b and 

c). This might have ensued from the fact that after 30 

days, soils were exhausted of carbonaceous compounds; 

the microbes could not attack biochar and biochar adhered 

particles due to the recalcitrant factor. After sixth week, 

emission restarted and gained an increase. This might be 

due to the microbial metabolism upon the debris (dead 

cells of microbes) existing within the soil or the activities 

of some resilient bacteria. Several bacteria for instance, 

Bacillus krulwichiae, Bacillus siralis, and Bacillus badius 

have been found in the similarly treated soils after 30 days 

(Personal communication, Tazeen Fatima Khan) and 

these might be the reason for the reinitiating of volatile 

organic compounds emission after 30 days of incubation. 

 

It is well documented that a wide range of highly 

oxygenated volatile organic compounds (e.g. 

levoglucosan, hydroxylacetaldehyde, furfurals, 

methoxyphenols and carboxylic compounds) are retained 

on the pores of the surface of biochar and some of these 

compounds have the potentiality to react with nitrous 

oxide in order to fix it within the soil (Milne et al., 1998) 

and this is in agreement with the present observations. 

 

CONCLUSION 

 

The Global temperature rise and its consequences have 

long been debated over the last century. Despite of all the 

debates, numerous studies explained that the earth is 

gradually warming up due to the greenhouse effect. New 

and substantial measures are needed to be employed in 

order to combat this crisis and mitigating the greenhouse 

gases should be the focal concern. Along with 

anthropogenic activities, soil itself emits greenhouse 

Table 5. Quantities of volatile organic compounds (gm/ha) emitted from differently treated soils. 

 

Day Control BM-1 BC-1 BM-2 BC-2 BM-3 BC-3 

3 9.5 10.08 11.26 10.4 12.2 10.7 11.0 

5 12.0 11.98 10.09 11.7 12.3 11.4 12.3 

7 11.4 11.08 10.77 11.1 10.4 11.4 10.1 

9 12.4 12.36 13.31 13.3 13.6 13.3 13.0 

11 14.9 15.17 14.85 15.5 14.9 15.8 15.2 

13 14.2 14.16 12.59 14.2 12.6 14.5 13.2 

15 9.8 10.78 12.04 11.4 12.7 12.0 12.4 

17 13.4 14.39 14.71 14.7 16.6 15.0 16.3 

19 15.9 16.57 15.61 16.2 14.7 15.6 14.7 

21 10.2 10.56 10.56 9.6 9.9 10.6 10.6 

23 8.3 12.49 11.85 12.5 11.5 11.8 11.2 

25 0.2 0.29 8.31 0.2 10.2 0.2 7.0 

29 0.3 2.84 0.0 4.7 0.0 2.2 0.0 

38 8.0 7.65 5.74 7.7 4.8 7.7 5.1 

45 6.3 6.66 3.80 6.3 3.2 6.7 7.0 

52 7.3 7.33 3.50 8.6 2.9 8.3 8.0 

59 6.9 6.94 0.32 7.6 1.6 7.6 9.1 

Average 

emission 
9.5 10.08 9.37 10.3 9.6 10.3 10.4 
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gases through natural means as well as through human 

induced actions like intensive agriculture. There are 

significant scopes for greenhouse gas mitigation in 

agriculture, but for the potential to be completely realized 

numerous barriers need to be overcome. To minimize the 

emission of these greenhouse gases and some other 

harmful gases to the environment a relatively new but 

revised approach is the utilization of biochar. The 

application of biochar as a significant means of mitigating 

carbon dioxide, carbon monoxide and other harmful gases 

 

Fig. 6 (a). Emission trends of volatile organic compounds from Control, BM-1 and BC-1 soils. 

 

Fig. 6 (b). Emission trends of volatile organic compounds from Control, BM-2 and BC-2 soils. 

 

Fig. 6 (c). Emission trends of volatile organic compounds from Control, BM-3 and BC-3 soils. 
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like phosphine and retaining volatile organics in soil 

could be highly beneficial to Bangladesh and the rest of 

the world. This is a simplistic low cost means of adding 

nutrients to soil and helping agriculture flourish. It can, 

therefore be useful in the developing countries. With 

carbon capturing, there is very little impact on people or 

other organisms and the effects of global warming could 

be reduced. Environmental protection and human health 

will be the leading benefactors in large scale biochar 

production. 
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ABSTRACT 

 
Coffee beans can be affected by storage microorganisms, the most notable of those are the fungi that cause severe 
deterioration of the infected beans. The objective of this study was to investigate the existence of fungi in the samples of 
Arabica and Robusta ground coffee, as it was observed that they were contaminated with fungi, based on the degree of 
roasting, humidity and storage duration. The results show the capability of the fungi to produce aflatoxin and ochratoxin 
A in ground coffee of harari and barri as well as Robusta coffee stored in various temperatures and moisture conditions. 
Aflatoxin and ochratoxin A were produced in most samples in various amounts. Furthermore, there was not any 
correlation between the number of existing fungi and the concentration and types of these toxins. For the samples stored 
in 10% humidity, the total of aflatoxin in barri and dark roasted coffee was 4.387 µg/g, but cappuccino was free of 
aflatoxin. For the samples under relative humidity of 25%, the french coffee was the most contaminated with toxins with 
Aflatoxin concentration of 10.436 µg/g, whereas Barri mild roasted coffee was the least contaminated with total 
Aflatoxin concentration of 0.547 µg/g. In the samples of the relative humidity of 45% stored for 30 days at room 
temperature, the Barri white roasted coffee was the most contaminated samples, as the total toxins 4.604 µg/g, whereas 
there wasn't Aflatoxin in Nescafe samples. Regarding Ochratoxins, it has been observed that in twelve samples out of 
thirty three samples, the fungi couldn't produce ochratoxins. That means that 63.64% of the total samples have produced 
such toxin, and Cappuccino samples stored for 30 days in 10% humidity have been contaminated with the highest rate of 
Ochratoxin with 1.40µg/g.  
 
Keywords: Ochratoxin A, Aflatoxin, ground coffee, storage, Aspergillus 
 
INTRODUCTION 
 
Ochratoxin A (OTA) can be found in various food 
products, including the green coffee beans, roasted coffee 
and instant coffee. It has been found that such toxins are 
genotoxic, carcinogenic, teratogenic, and immune 
suppressive, thus causing harm to animals including 
human beings as stated by Schlatter et al. (1996) and 
Holzhauser et al. (2003). Many studies have confirmed 
the ability of stored fungi to produce toxins, mainly 
Ochratoxins in the green coffee beans (Nakajima et al., 
1997; Romani et al., 2000; Otteneder and Majerus, 2001; 
Pittet and Royer, 2002; Batista et al., 2002). Surveys 
conducted on green coffee beans stored from different 
origins established that African coffee samples contained 
the highest concentration of Ochratoxins compared to 
samples of American and Asian origin (Pardo et al., 
2004). Filamentous fungi can affect the quality and safety 
of the final product due to production of mycotoxins 
during preparation and storage (Batista et al., 2002; 
Taniwaki et al., 2003; Quiroz et al., 2005; Taniwaki, 
2006).  Ochratoxin A (OTA) is a mycotoxin produced by 
secondary metabolism of many filamentous species 
belonging to the genera Aspergillus and Penicillium 
(Keeper-Goodman and Scott, 1989; Miller and Trenholm, 

1994; Bredenkamp et al., 1989; Budavari, 1989). 
 
Little information is available on the existence of toxins 
of Ochratoxin A in coffee beans during hydration and 
mechanical treatment and the impact of these operations 
on the existence and production of Ochratoxin A. The 
data published so far indicates that the process of 
removing pulp reduces the risk of contamination by these 
toxins through fermentation during drying and there is a 
need to study the microbiological processes (Frank, 
2001), and to protect coffee from contamination by 
Ochratoxin A, there is a need to know what fungi are 
capable of producing these toxins and their relationship 
with drying of coffee grains and process of removing 
pulp, It was found that there are low concentrations of 
these toxins in the coffee produced by many countries 
(Buchcli et al., 1998; Pardo et al., 2004). Humans are 
inevitably exposed to a certain levels of these toxins. The 
pollution with this toxin can happen during the process of 
drying (Urbano et al., 2001), where they noticed the 
presence of these toxins in the beans prior to storage and 
pointed out the possibility that the harvest and post-
harvest stage may cause the pollution. The frequent 
occurrence of pollution was confirmed by Le-Bars and 
Le-Bars (2000) in crops all over the world, which is the 
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main fungal poison tainting coffee beans. It has been 
suggested that A. niger and closely related species such as 
A.carbonarius can produce Ochratoxin A in the coffee 
beans (Bucheli et al., 1998), while the Aspergillus 
ochraceus Fungus is the most significant producer of 
Ochratoxin A in coffee beans (Pitt, 2000). 
 
Heenan et al. (1998) and Taniwaki et al. (2003) stated 
that 2-3% of A. niger separated from coffee beans was 
able to produce ochratoxin whereas 13% of A. niger taken 
from Thailand coffee was able to produce OTA and OTB. 
But these contaminations are few compared with A. 
carbonarius which is considered as the most 
contaminating source for the Thailand coffee. 
 
 The existence of ochratoxin A in the coffee is not 
desirable because it could hamper the coffee trade and 
affect the economics of coffee-producing countries. The 
European Commission did not specify minimum levels of 
ochratoxin A in coffee. There is only one 
recommendation, in which there is a reference to the level 
of 3 mg/kg, which was a proposal of a member in the 
European Union (Romani et al., 2000). Another study, 
Silva et al. (2000) reported that contamination of Arabic 
coffee beans (Coffea arabica L.) with ochratoxin A as a 
result of fungal contamination with Aspergillus species 
including: A. suphureus, A. ochraceus, A. melleus, A. 
dimorphicus, A. Sclerotiorum, A. auricomus, A. 
ochraceus, A. sulphureus, A. sclerotiorum were producing 
ochratoxin, as well as A. niger. A. foetidus taken from 128 
samples, (44.29%) of them is capable of producing 
ochratoxin A while (30.80%) is not able to produce this 
toxin. 
 
In a previous study carried out by Joosten et al. (2001) on 
more than 14 samples of green coffee from Southern 
Thailand, it was found to be contaminated by black 
molds, and it was observed that half of them were related 
to A. carbonarius. Based on this, we assume that the 
black fungus, especially fungus A. carbonarius plays an 
important role in the contamination of coffee beans with 
OTA in Southern Thailand. 
 
Through the studies carried out by Taniwaki et al. (2003) 
on the arabic coffee, the results indicate that A. niger is 
the major fungus exists in the coffee, where it produced 
ochratoxin with the rate of 63% of the total ochratoxin 
produced, while the A. ochraceus was 31% of the total 
isolates and produced 3% of the total ochratoxin, and he 
also stated that 75% of fungi isolated were able to 
produce ochratoxin. Also A. carbonarius was isolated 
from 6% of the samples taken from the warmer areas 
during storage, and 77% of the isolates of fungus was 
capable of producing the toxins. 
 
The increase in the production of ochratoxin in coffee 
stored at different moisture levels for a period of 20-30 
days of storage was observed. There was also a notable 

difference in the variation and physiological characters of 
fungi, and usually the poor storage and high humidity 
caused the production of ochratoxin within ten days 
(Ahmed and Magan 2006), while Betancourt and Frank 
(1983)  stated that it is necessary that the humidity content 
in the coffee beans should be less than 14.5% to prevent 
the mold during storage. 
 
Premila and Sanchez (2006) studied the effects of 
temperature and various farm environments on the growth 
of A. flavus and the production of Aflatoxins 
contaminated peanuts in Georgia. The results have shown 
that the fungus could grow at a temperature of 10oC and 
produced aflatoxin, as well as the temperature of 37oC. 
They got the highest production of fungal growth and 
toxin at a temperature of 27, 30oC in three different farm 
environments which are potato Dextrose agar (PDA) and 
nutrient agar (NA) and corn maltose agar (CMA). 
 
Bokhari (2007) reported that the beans of coffee were 
highly polluted with toxins fungi, especially those 
producing ochratoxin A. The incidence of this pollution 
and production of mycotoxins starts from the harvest, 
where production is affected by the moisture content of 
the beans and grow during transport and during storage 
and marketing. 
 
In a study performed by Ilic et al. (2007) on Vietnamese 
robusta coffee beans, it was found that A. niger is the only 
type which produces OTA. Leong et al. (2007) tested the 
ability of 13 isolates of the fungus A. carbonarius isolated 
from Arabic coffee samples and robusta coffee arbica on 
toxin OTA production and found that 11 of them were 
able to produce these toxins. 
 
Moslem et al. (2010) were able to isolate a group of fungi 
associated with the beans of coffee where A. flavus 
achieved highest frequency rate of 50%, followed by the 
A. carbonarius. They found that 80% of the isolates of the 
A. flavus were able to produce OTA toxins. Alborch et al. 
(2011) studied the ability of A. niger and A. carbonarius 
isolated from corn beans to produce OTA toxins where 
they noted that the optimum temperature to produce the 
highest rate of toxins of the two fungi was 15oC. 
 
Iqbal et al. (2011) found that contamination of samples of 
chilli with Aflatoxin increased to 61% of samples stored 
at a temperature of 25, 30OC from those stored at 20OC 
and number of fungi increased directly proportional to 
increasing the storage period. 
 
Aflatoxin contaminated coffee is considered a global 
problem. Taniwaki (2006) mentioned that a lot of green 
coffee beans samples were contaminated with these toxins 
in varying degrees ranging from 2.0 - 360 µg/kg. This 
study aimed at studying the effect of storage period, 
temperature, humidity and degree of roasting on fungal 
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pollution and producing aflatoxins and ochratoxin in 
ground coffee.  
 
MATERIALS AND METHODS 
 
Storage studies on ground coffee 
The Fungal invasion and ability of Aspergillus and 
Penicillium to produce aflatoxins and ochratoxins were 
studied, where plastic boxes were equipped with 100 
grams of ground coffee for tested varieties and then 
placed in the center of each packet Cup small glass by 
concentration calculated from sulfuric acid so that each 
can has the required concentration (10, 25, 45%) of the 
relative humidity (Solomen, 1951). Then all boxes were 
stored at room temperature (25 ± 2) and for different 
periods of time (30, 20, 10 days). The results were 
counted of numbers of fungal colonies per 1gram of 
ground coffee (Alvnindia and Acda, 2010).  
 
Mycotoxins analysis 
Apparatus of High Performance Liquid 
Chromatography (HPLC) system 
The High Performance Liquid Chromatography (HPLC) 
system consisted of Waters Binary pump Model 1525, a 
Model Waters 1500 Rheodyne manual injector, a Waters 
2475 Multi-Wavelength Fluorescence Detector, and a 
data workstation with software Breeze 2. A phenomenex 
C18 (250x 4.6mm i.d), 5um from Waters corporation 
(USA) for aflatoxins. A HyperClone 5µ ODS column 
(C18) 120A° , DIM: 250 x 4.60mm (Phenomenex). 
 
Extraction of Aflatoxins by VICAM method (2000) 
Sample Extraction 
Weigh 25g sample with 5g salt sodium chloride and place 
in blender jar. Add to jar 125ml methanol: water (70:30). 
Cover blender jar and blend at high speed for 1 minute. 
Remove cover from the jar and pour the extract into fluted 
filter paper. Collect filtrate in a clean vessel. 
 
Extract Dilution 
Pippet or pour 15ml filtered extract into a clean vessel. 
Dilute extract with 30mL of purified water, mix well. 
Filter diluted extract through the glass microfiber filter 
into a glass syringe barrel using markings on barrel to 
measure 4ml. 
 
Immunoaffinity Chromatography 
 Pass 15 ml filtered diluted extract (15ml = 1g sample 
equivalent) completely through AflaTest ®-P affinity 
column at a rate of about 1-2 drops/second until the air 
comes through column. Pass 5ml of purified water 
through the column at a rate of about 2 drops/second. 
Elute affinity column by passing 1.0ml HPLC grade 
methanol through the column at a rate of 1-2 
drops/second and collecting all of the sample eluate (1ml) 
in a glass vial. Evaporated to dryness under a stream of 
nitrogen and was determined of HPLC. 

Detection and determination of Aflatoxins by HPLC  
Derivatization 
The derivatives of samples and standard were done as 
follow:100µl of trifluoracetic acid (TFA) were added to 
samples and mixed well for 30 s and the mixture stand for 
15min. 900µl of water: acetonitrile (9:1 v/v) were added 
and mixed well by vortex for 30 s and the mixture was 
used for HPLC analysis. 
 
HPLC conditions 
The mobile phase consists of Acetonitile/Water/ methanol 
(1:6:3). The separation was performed at ambient 
temperature at a flow rate of 1.0 ml/min. The injection 
volume was 20µl for both standard solutions and sample 
extracts. The fluorescence detector was operated at an 
excitation wavelength of 365nm and an emission 
wavelength of 450nm. AFB1 concentration in the samples 
was determined from the standard curve, using peak area 
for quantification.  
 
Ochratoxin analysis 
HPLC Equipment  
The HPLC system consisted of Waters Binary pump 
Model 1525, a Model Waters 1500 Rheodyne manual 
injector, a Watres 2475 Multi-Wavelength Fluorescence 
Detector, and a data workstation with software Breeze 2. 
 
Chemicals and Reagents  
OTA standard, Chartist, microfiber filter 1.5µm, and filter 
papers were purchased from VICAM. Milford, MA USA. 
Acetonitrile, glacial acetic acid HPLC grade were 
obtained from BDH, England. Sodium chlorid, sodium 
biocarbonate, sodium hydrogen phosphate, potassium 
dihydrogen phosphate and potassium chloride were 
purchased from (BDH, Merck chemicals). And tween -20 
obtained from Sigma (St. Louis, MO, USA). 
 
HPLC condition  
A Symmetry C18 (5 µm particle size, 150 mm X 4.6 mm 
i.d.) from the Waters Corporation (USA), were used along 
with a mobile phase of Acetonitile/Water/ acetic acid 
(55:43:2). The separation was performed at ambient 
temperature at a flow rate of 1.0 ml/min. The injection 
volume was 50µL for both standard solutions and sample 
extracts. The fluorescence detector was operated at an 
excitation wavelength of 330nm and an emission 
wavelength of 470nm. OTA concentrations in coffee 
extracts were determined from the standard curve, using 
peak area for quantitation.  
 
Instant coffee 
The instant coffee extraction carried out according to the 
method of Pittet et al. (1996). Briefly: Five gram of 
soluble coffee was weighed accurately into plastic 
centrifuge bottles and mixed with respectively 100ml of 
methanol-3% aqueous sodium hydrogen carbonate 
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(50:50). The suspension was blended for 3min at medium 
speed using a blander. Then homogenized sample was 
filtered through 11cm Whatman GF/B glass microfiber 
filter under reduced pressure. Then 4 ml of filtrate was 
transferred to a graduated cylinder and diluted to 100 ml 
with PBS pH 7.4. The whole diluted extract was applied 
to an immunoaffinity column, at a slow, steady flow rate 
of 2-3 m/min. After washing the column with 10 ml of 
distilled water, OTA was eluted with 1.5ml of methanol. 
To ensure complete removal of the bound toxin, the 
methanol was left in contact with the column for at least 3 
min. This was achieved by reversing the flow of methanol 
(back flushing) two or three times. The elute was then 
evaporated to dryness under a stream of nitrogen at 40°C, 
and the residue was redissolved in 3 ml of HPLC mobile 
phase. 
 
Statistical Analysis  
The results obtained in this research were analyzed 
statistically using the sixteenth version of SPSS16 
program where transaction averages were compared at the 
abstract level (0.05) using the least significant difference 
test (LSD) designed by Norusis (1999). 
 
RESULTS 
 
1. Effect of storage period and the percentage of 

moisture and the degree of roasting on the fungi 
presence in ground coffee for Arabic coffee types 
Results in table 1, show the storage of ground coffee for 
10days on the humidity rates of 10, 25, 45% and at room 
temperature indicate the presence of many fungi in 
ground coffee as varied in their distribution to the 
different classes and gave the following percentages 61, 
41, 25.19, 9.44, 1.57, 0.78, 0.78% for each of A. alliaceus, 
A. niger, A. flavus, A. melleus, A. fumigates, F. solani, 
Penicillium sp., respectively. 
 
Table 2 related to the storage of ground coffee according 
to the previous conditions for a period of 20days indicates 
the occurrence of fluctuation in the fungi existence, and 
the isolated fungi were in descending order as follows: A. 
niger (76,03%), followed by A. tubingensis (13,22%), A. 
flavus (7,43%), A. melleus (1,65%), A. alliaceus (0,82%) 
and Aspergillus sp. (0.82%). 
 
The results of table 3 related to the storage of the ground 
coffee for the period of 30days at different humidity ratios 
a diversity of fungal isolates in terms of the number and 
types and in descending order were as follows: 
 
70.87, 12.62, 5.82, 4.85, 2.91, 1.94, 0.97% for the A. 
niger, A. alliaceus, A. flavus, A. melleus, Aspergillus sp., 
Penicillium sp., F. solani respectively. 

 
Table 1. Effect of storage (10 days), relative humidity, and the degree of roasting on the fungal diversity of coffee 
samples of Arabica ground coffee for harari and barri varieties. 
 

dark Harari  Harari
mild 

 Harari
white dark Barri mild Barri white Barri

% Humidity 
Isolates 

10 25 45 10 25 45 10 25 45 10 25 45 10 25 45 10 25 45

 Total
isolates

-Fre %
quency 

niger .A 5 3 8 4 2 2 3 4 - - - - 1 - - - - - 32 .1925 

flavus .A - - - 1 1 - 1 1 1 - 2 - 2 - 1 1 - 1 12 .449 

A.fumigatus - - - 1 - - - - - - - - - - - - - - 1 .780 

melleus .A - 2 - - - - - - - - - - - - - - - - 2 .571 

alliaceus .A - 2 6 1 6 10 - 1 3 9 11 5 5 4 5 4 4 2 78 .4161 

solani .F - - - - - - 1 - - - - - - - - - - - 1 .780 

.sp Penicillium - - - - - - 1 - - - - - - - - - - - 1 .780 

Total 5 7 14 7 9 12 6 6 4 9 13 5 8 4 6 5 4 3 

 of Each
 roasted

degree 
26 28 16 27 18 12 

 Total
-iso

lates 
 Each

variety 70 57 

127 
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Table 2. Effect of storage (20 days), relative humidity, and the degree of roasting on the fungal diversity of coffee 
samples of Arabica ground coffee for harari and barri varieties. 
 

dark Harari  Harari
mild 

 Harari
white dark Barri mild Barri white Barri

% Humidity 
Isolates 

10 25 45 10 25 45 10 25 45 10 25 45 10 25 45 10 25 45

 Total
isolates

-Fre %
quency 

niger .A 7 8 5 4 4 7 3 2 - 7 7 12 2 3 14 1 3 3 92 .0376 

flavus .A - 1 1 1 1 1 1 - - - - - - 2 - 1 - - 9 .437 

melleus .A - - - 1 - - 1 - - - - - - - - - - - 2 .651 

alliaceus .A - - - - - - 1 - - - - - - - - - - - 1 .820 

tubingensis .A - - 4 7 - 1 2 - - - 1 - 1 - - - - - 16 .2213 

.sp Aspergillus - - - - - - - - - - - - - 1 - - - - 1 .820 

Total 7 9 10 31 5 9 8 2 - 7 8 12 3 6 14 2 3 3 

 of Each
 roasted

degree 
26 27 10 27 23 8 

 Total
-iso

lates 
 Each

variety 63 58 

121 

 

Table 3. Effect of storage (30 days), relative humidity, and the degree of roasting on the fungal diversity of coffee 
samples of Arabica ground coffee for harari and barri varieties. 
 

dark Harari  Harari
mild 

 Harari
white dark Barri mild Barri white Barri

% Humidity 
Isolates 

10 25 45 10 25 45 10 25 45 10 25 45 10 25 45 10 25 45

 Total
isolates

-Fre %
quency 

niger .A 3 6 10 3 3 6 3 2 2 10 8 2 - 4 1 6 2 2 73 .8770 

flavus .A - - 1 - - - - - - 2 - 1 - 1 - - - 1 6 .825 

smelleu .A 1 - - 1 - 1 - - - - - - 1 1 - - - - 5 .854 

alliaceus .A - - - - - - - - 1 - - 9 1 2 - - - - 13 .6212 

solani .F - - - - - - - - - - - - - - - - 1 - 1 .970 

.sp Penicillium - - - - - - - - - 1 - - - - - - - 1 2 .941 

sp Aspergillus 1 1 - - - - - - - 1 - - - - - - - - 3 .912 

Total 5 7 11 4 3 7 4 2 3 13 8 12 1 8 2 6 3 4 

 of Each
 roasted

degree 
23 14 9 33 11 13 

 Total
-iso

lates 
 Each

variety 46 57 

103 
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Table 4 related to averages general activity of fungi at 
tested humidity levels and periods of storage and the 
degree of roasting varieties of ground Arabic coffee 
indicates that the storage period has an effect, where there 
was a decrease in the rate of fungal pollution with 
increased storage up to 30 days, where the rate was 36.18, 
34.47, 29.34% after storage for 10, 20, 30 days. 
 
With regard to the items, the results show that was more 
polluted with fungi where the rate of fungi was 50.99% 
compared Barri varieties  in which the percentage of 
fungal contamination is up to 49.01%. 
 
2. Effect of the storage period and the percentage of 
moisture on the fungal presence in the types of ground 
coffee of Robusta Coffee 
Results shown in table 5 related to robusta ground coffee 
stored for 10days indicate the existence of fungi isolated 
from tested samples and a group of fungi were isolated in 
descending order by repetition of isolation as follows: 
23.40, 27.21, 21.27, 12.76, 10.63, 4.25, 2.12, 2.12, 2.12% 
for each of A. melleus, A. flavus, A. alliaceus, A. niger, 
Alternaria sp., Paecilomyces variotii, A. fumigates, F. 
solani, Penicillium sp., respectively. 
 
The results shown in table 6 related to the storage of 
coffee for 20days indicate a diversity of fungi isolated 
from tested samples and were, in descending order as 
follows: 22.44, 20.40, 18.36, 16,32, 14.28, 8, 16%) for 

each of E. nidulans, A. flavus, A. tubingensis, A. melleus, 
A. niger, F. solani, respectively. 
 

Whereas results in table 7 related to the storage for the 
period of 30days indicate noted decrease in fungi, and 
ordered dissentingly as follow: A.niger (40,74%), 
followed by A. melleus (33,33%), A. flavus (7,40%), A. 
alliaceus (7,40%), E. nidulans (7.40%) and finally 
Aspergillus sp. (3.70%).  
 
Also the storage period may affect the incidence averages 
as the general averages show a rise in the number of fungi 
with the increase in the storage period up to 20days and 
then decreased again after 30days of storage where it was 
38.21, 39.84, 21.95% after 10, 20, 30days, respectively. 
 
With regard to the percentage of humidity, the results in 
table 8 indicated that there is a difference in the numbers 
of fungi where a decrease generally observed in the 
number of fungi with the increased humidity ratio to 
35.77, 33.33, 30.09%, when humidity rates are 10, 25, 
45%, respectively. 
 
As for the different varieties of coffee it has been 
observed that there is a remarkable variation in the degree 
of fungal contamination where pollution averages show 
the pollution of Turkish coffee at 83.26%, followed by 
cappuccino with the rate of 58.23% and french coffee 
with the rate of 33.20% and finally Nescafe without 
caffeine in 38, 11%. 

 
Table 4. Average general activity of fungi at tested humidity levels and periods of storage and the degree of roasting 
varieties for ground arabic coffee. 
 

factor Impact  Harari
dark 

 Harari
mild 

 Harari
white 

 Barri
dark 

 Barri
mild 

 Barri
white 

 Total
isolates 

%10 17 24 18 29 12 13  113
%).1932( 

%25 23 17 10 29 18 10  071
%).4830( 

 Each
 humidity

levels 

%45 35 28 7 29 22 10  131
%).3237( 

 10
days 26 28 16 27 18 12  127

%).1836( 

 20
days 26 27 10 27 23 8  121

%).4734( 

 Each
 of periods

storage 
 30

days 23 14 9 33 11 13  103
%).3429( 

 of periods Each
storage 

 75
%).3721(

 69
%).6619(

 35
%).979( 

 87
%).7824(

 52
%).8114(

 33
%).409(  

 Total
isolates 

variety Each %).9950(179 %).0149(172  
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Table 5. Effect of storage for 10 days and relative humidity on the fungal diversity of coffee samples of Robusta 
ground coffee. 
 

Nescaffee Cappuccino  Turkish
eecoff coffee French  Nescaffee

out with 

% Humidity 
Isolates 

10 25 45 10 25 45 10 25 45 10 25 45 10 25 45 

 Total
isolates

-Fre %
quency 

niger .A - 1 - - - - - 2 - 1 - 1 - - 1 6 .7612 

flavus .A - - - - 5 - - 1 1 - 2 - 1 - - 10 .2721 

fumigatus .A 1 - - - - - - - - - - - - - - 1 .122 

melleus .A 1 - - 2 4 - - 4 - - - - - - - 11 .4023 

alliaceus .A - - - - - - 6 - - - - 3 - - 1 10 .2721 

solani .F 1 - - - - - - - - - - - - - - 1 .122 

Alternaria - - - 5 - - - - - - - - - - - 5 .6310 

variotii .P - - - - - - - - - - - 2 - - - 2 .254 

Penicillium - - - - - - - - - - 1 - - - - 1 .122 

Total 2 1 1 7 9 - 7 7 - 1 3 6 1 - 2  Total
-iso

lates  Each
variety 4 16 14 10 3 

47 

 
Table 6. Effect of storage for 10 days and relative humidity on the fungal diversity of coffee samples of Robusta 
ground coffee. 
 

Nescaffee Cappuccino  Turkish
coffee coffee French  Nescaffee

out with 

% Humidity 
Isolates 

10 25 45 10 25 45 10 25 45 10 25 45 10 25 45 

 Total
isolates

-Fre %
quency 

niger .A - - - - - - - - 1 1 - 3 - 1 1 7 .2814 

flavus .A - - - 1 1 1 - 1 - 1 3 - - - 2 10 .4020 

melleus .A - - - - - 2 3 - - 1 1 1 - - - 8 .3216 

tubingensis .A 1 - - - - - 5 - - 1 - - 1 - 1 9 .3618 

nidulans .E 11 - - - - - - - - - - - - - - 11 .4422 

solani .F 2 - - - - - - - - - - - - - 2 4 .168 

Total 14 - - 1 1 3 8 1 1 4 4 4 1 1 6  Total
-iso

lates  Each
variaty 14 5 10 12 8 

49 
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3. Qualitative and quantitative assessment of 
aflatoxins and ochratoxin in ground coffee of arabica 
and robusta coffee 
Results shown in table 9 regarding the qualitative and 
quantitative assessment of mycotoxins of aflatoxin and 
ochratoxin in crushed of harari and barri coffee, and also 
the types of robust stored at room temperature for 30days 
at the different humidity ratios indicated that these toxins 
were produced in all samples with varying degrees and it 
wasn't observed that there is a correlation between the 
number of fungi and the concentrations and types of these 
toxins. It was also found that the concentration of toxins 
was not associated with a fixed relationship with 

humidity, and in general it has been observed that in the 
samples stored at 10% samples of Barri coffee samples 
which is black roasted, the Aflatoxin toxins were 
4.382µg/g while cappuccino samples were not having any 
concentration of Aflatoxins.  
 
Regarding the samples with a relative humidity of 25%, 
the most polluted samples were French coffee, where 
Aflatoxin concentration reached 463.10µg/g, while the 
coffee samples of Barri type which are mild roasted are 
the least polluted with toxins where total aflatoxins were 
547.0µg/g of the coffee. 

Table 7. Effect of storage for 10 days and relative humidity on the fungal diversity of coffee samples of Robusta 
ground coffe. 
 

Nescaffee Cappuccino  Turkish
coffee coffee French  Nescaffee

out with 

% Humidity 
Isolates 

10 25 45 10 25 45 10 25 45 10 25 45 10 25 45 

 Total
isolates

-Fre %
quency 

niger .A - 1 - - 2 2 - 3 - 1 1 - - - 1 11 .7440 

flavus .A - - - - 1 - 3 - 1 - - - - - - 2 .407 

melleus .A - - 1 1 - 1 1 3 - - - 1 - 1 - 9 .3333 

alliaceus .A - 1 - - - 1 - - - - - - - - - 2 .407 

nidulans .E 1 - - - - - - - - - - - 1 - - 2 .407 

.sp Aspergillus - - - - - - - 1 - - - - - - - 1 .703 

Total 1 2 1 1 3 4 1 7 1 1 1 1 1 1 1  Total
-iso

lates  Each
variaty 4 8 9 3 3 

27 

 
coffee Robusta ground in storage of periods and levels humidity tested at fungi of activity general Averages .8 Table 

 

factor Impact Nescaffee -Cappuc
cino 

 Turkish
coffee 

 French
coffee 

 Nescaffee
out with Total 

%10 17 9 9 6 3 %).7735(44 

%25 3 13 15 8 2 %).3333(41 
 Humidity

% 
%45 2 7 9 11 9 %).0930(38 

days 10 4 16 14 10 3 %).2138(47 

days 20 14 5 10 12 8 %).8439(49 
 Each

 of periods
storage 

days 30 4 8 9 3 3 %).9521(27 

 Total
isolates 

variaty Each  22
%).8917( 

 29
%).5823( 

 33
%).8326( 

 25
%)3.320( 

 14
%).3811( 123 
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The samples with relative humidity of 45% and stored 
also for 30days at room temperature were sampled 
product of Barri variety of light roasting, which were 
more samples in terms of Aflatoxins totaling 604.4µg/g 
while there is no producing of aflatoxins in samples of 
Nescafe. 
 
With regard to the production of fungi to ochratoxin in 
ground coffee, it was observed that twelve samples of the 
total of thirty-three samples, the fungus were unable to 
produce of ochratoxin, that is 64.63% of the samples 
produced fungi with this toxin, where cappuccino samples 
stored for thirty days with 10% humidity were 
contaminated with Ochratoxin by 40.1µg/g, while the 
highest production of this poison in moisture of 25% were 
in the samples of light barri where it was 76.0µg/g. Also, 
the pollution of harari variety was noted in the relative 
humidity of 45% with the highest percentage of 
ochratoxin which was 61.0µg/g. 
 
DISCUSSION 
 
The results of qualitative and quantitative assessment of 
aflatoxin and ochratoxin in ground coffee of arabica and 
robusta stored at room temperature for 30days at different 
humidity ratios indicated that these toxins were produced 
in all samples with varying degrees and there wasn't any 
correlation between the number of fungi and the 
concentrations and types of these toxins. And it was also 
found that the concentration of toxins was not associated 
with a stable relationship with the humidity. 
 
With regard to the production of ochratoxin in ground 
coffee, it was observed that in twelve of the total samples 
of thirty-three fungi cannot produce of Ochratoxin, that is 
in 64.63% of the samples the fungus produced this toxin. 
This high rate corresponds with the results of many 
researchers such as (Nehad et al., 2007; Moslem et al., 
2010; Iqbal et al., 2011). Another study, Taniwakin et al. 
(2003) and Logrieco et al. (2003) stated that A. ochraceus 
can be the primarily responsible for the pollution of 
coffee with ochratoxin. While, Taniwaki et al. (2003) 
considered that A. carbonarius, A. niger, A. ochraceus are 
the main producing for OTA toxins in Brazilian coffee 
beans, which found that 77% of the isolates fungus were 
able to produce toxins of OTA. 
 
RECOMMENDATIONS 
 
The current research proved that there is serious damage 
happens to the coffee during storage and this damage is in 
contamination with fungi of store which is harmful, 
especially Aspergillus, Penicillium, Fusarium which are 
resulted in the produce of several mycotoxins. The matter 
increases this damage is the high temperature of storage 
and humidity. Therefore, this study recommends the 

following as an attempt to avoid the fungal attack and 
minimize the damage as much as possible, where toxins 
of ochratoxin and aflatoxin were found in tested coffee as 
well as the ability of all fungal isolates to produce 
mycotoxins which requires us not to stand idly by, so we 
recommend the need for periodic inspection of samples of 
coffee in stores and eliminate what may be contaminated 
with these mycotoxins. We also advise more stringent 
laws to prevent the entry of any shipments of coffee 
products contaminated with either fungi or its toxins. 
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ABSTRACT 

 
The objective of this paper was to study the adsorption isotherms of decolourisation of shea butter. The adsorption of 
pigments from aqueous extracted shea butter using tonsil fuller earth was carried out. The absorbance of crude and 
decolourised black and yellow shea butter using 1, 2, 3, 4 and 5 mass % of   the adsorbent at different temperatures (55, 
65, 65, 75, 85 and 95°C ) were measured. The experimental data obtained were analysed and fitted to Freundlich and 
Langmuir equations.  Langmuir adsorption isotherm model fitted well the decolourisation of yellow shea butter at 95°C, 
while Freundlich model significantly fitted the decolourisation of black shea butter at 65°C. Gibbs free energy, enthalpy 
and entropy of adsorption were generated from the experimental data. The absolute value of enthalpy of adsorption 
showed that the decolourisation process of shea butter is a physical phenomenon, whereas the negative values of Gibbs 
free energy suggested that, the adsorption is spontaneous process. 
 
Keywords: Shea butter, decolourisation, tonsil fuller earth, adsorption isotherm, Freundlich, Langmuir. 
 
INTRODUCTION 
 
Shea tree (Vitellaria paradoxa Gaertn), produces kernels 
which have an oil content of about 35-60% called shea 
butter (Kamga et al., 1999). Shea butter is used as 
cooking oil for some population of African Sahel region. 
It is used also in traditional medicines and as raw material 
for many industries such as soap, cosmetics, 
Pharmaceutics, chocolate, and confectionary (Booth and 
Wickens, 1988). The aqueous extraction of shea butter, 
though very tediousness, is still very predominant in the 
central African region and is the main source of supply of 
local markets with shea butter. The traditionally extracted 
butter has shown to be of an inferior quality, producers 
supply poor quality shea butter (yellow, brown and dark 
colored, poor hygienic conditions and with high acid and 
peroxide values). Refining is a step that may be included 
in the processing chain to improve the quality. 
Unfortunately only very few papers are found in the 
literature for the refining of shea butter (Bike Mbah et al., 
2005). There are two types of shea butter in Chad, namely 
cosmetic (yellow) and edible (black). Their methods of 
preparation were described previously (Mohagir, 2003). 
To produce edible shea butter, shea kernels are roasted in 
red heated sand in a steel pot and then crushed with 
wooden mortar and finally grounds. The difference 
between the two methods is that the production of yellow 
shea butter not includes the roasting step. Bleaching of 
vegetable oils is performed for the removal of colour 

materials, phospholipids, soaps and oxidative products 
such as peroxides (Norris, 1982). Pigments have the state 
of a stable colloid in the oil. Their separation needs 
sufficient means to break the stability of the colloids and 
this is the essential role of adsorbent (Brimberg, 1982). 
Adsorption of pigments from vegetable oils with various 
types of adsorbents has been extremely reviewed (Norris, 
1982; Brimberg, 1982; Achife and Ibemesi, 1989; Boki et 
al., 1992; Topallar, 1998). Isotherm plots represent the 
partition of pigments and other colouring materials 
between solid phase (adsorbent) and liquid phase (oil). It 
is a measure of the position of equilibrium in the 
adsorption process. The purpose of this study is to 
examine the applicability of Freundlich and Langmuir 
equations to the adsorption isotherms for the 
decolourisation of aqueous extracted shea butter using 
tonsil fuller earth.  
 
MATERIALS AND METHODS 
 
Materials 
Aqueous black and yellow extracted shea butters were 
purchased from local Koumra market, Chad. Adsorbent 
used is tonsil fuller earth (240 FE, Olifants, Republic of 
South Africa). The absorbance of oil samples was 
measured using double beam UV-Visible 
Spectrophotometer model (SECOMAM, ISO 9001, 
France). 
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Methods 
Decolourisation procedure  
The decolourisation apparatus was composed of 250 ml 
conical flask equipped with a mechanical agitator of 
model (Heidolph, RZR1, Germany). The flask was 
immersed in a thermostated water bath. In each 
experiment, 30 g of crude shea butter was heated and 
maintained at the desired temperature for 15 min before 
adding the adsorbent. After the addition of adsorbent 
mass%, the mixture was continuously heated and stirred. 
The agitation rate used was that just enough to keep the 
clay dispersed (150rpm). After decolourisation (30min), 
the agitation was stopped and the mixture was filtered 
immediately by using Joseph filter paper (celite 545) and 
vacuum filtration pump (960101, Osi-DVD-Bolong, 
Italy).  
 
Modelling of Isotherms 
In this study, the adsorption data were analysed according 
to Freundlich and Langmuir isotherms (equation 1, 2) 
which are the most widely utilised models in this domain. 
Moreover, the correlation coefficient (R2) was used to 
judge the applicability of the isotherms 
 

1/n
eKX  X/m :model Freundlich =  (1) 

maxX
eX

b*maxX

1
/(X/m)eX :modelLangmuir +=  (2) 

 
Where X is the relative amount of pigments adsorbed 
(mg/g), m is the mass of adsorbent (g), K and n are 
Freundlich constants; K is related to bonding energy, it 
can be defined as an adsorption or distribution coefficient 
which describes the amount of pigments adsorbed onto 
adsorbent agent for the unit equilibrium concentration. 
The Freundlich constant n is a measure of the adsorption 
intensity that ranges between 1 and 10 (Tsai et al., 2004). 
Xe is the residual relative amount of pigments at 
equilibrium (mg/g); Xmax is the quantity of pigment 
adsorbed at monolayer or the maximum coverage (mg/g), 
b is Langmuir adsorption equilibrium constant (g/mg) that 
is related to direct measurement of the intensity of 
adsorption process. 
 
The values of X and Xe were obtained from the 
absorbance of pigment at a wavelength in which the 
overall absorbance’s curve in the selected zone shows 
maximum peak (Brimberg, 1982). These quantities were 
calculated using the relation (3) 
 

X1or
0A
tA

eX,
0A

tA0A
X −==

−
=  (3) 

 
Where A0 and At are the absorbance of crude and 
decolourised oil at equilibrium time t respectively. 

Before measuring the absorbance, the black and yellow 
shea butter was diluted with petroleum ether (1:3 and 1:1) 
respectively and the absorbance of diluted samples was 
measured at the pre determined wave length (440 nm).  
 
Freundlich isotherms were generated by plotting log 
(X/m) versus log (Xe) from the logarithm form of 
equation 1 and then K and n were determined from the 
intercept (log K) and slope (1/n). From equation 2, a plot 
of (Xe/(X/m)) against Xe represents Langmuir isotherms. 
Langmuir constants Xmax and b were calculated from 
slope (1/Xmax) and intercept (1/ (Xmax*b)).  
 
Determination of enthalpy, entropy and Gibbs free 
energy of adsorption 
One of the more important applications of adsorption 
isotherms data is their utilisation is the determination of 
some thermodynamic properties such as enthalpy of 
adsorption (∆Hºad,) and the change in standard entropy 
(∆Sºad.). These parameters can be used to evaluate the 
mechanism of adsorption of pigments onto any adsorbent 
(Sabah and Celik, 2005; Sabah, 2007). The parameters 
were determined using Van’t Hoff equation (4). 
 
Where, R is the universal gas constant (8.314 Jmol-1K-1) 
and T is the temperature in Kelvin. The plot of Ln (Xe) 
versus (1/T) yields straight line with intercept (∆Sºad/R) 
and slope (∆Hºad/R).  
 

RT

ad0∆H

R

ad0∆S
)eLn(X −=  (4) 

 
Gibbs free energy of adsorption ∆Gºad was calculated 
from equation 5 as recommended by some authors 
(Sabah, 2007). 
 

)eRTLn(X0
ad∆G −=  (5) 

 
RESULTS AND DISCUSSION 
 
The absorbance of crude black and yellow shea butter 
(A0) was recorded as 1.72 and 2.10 (% light transmission) 
respectively. On the other hand, the absorbance of the two 
decolourised samples (At) using 1, 2, 3, 4 and 5 mass % 
of tonsil fuller earth at different temperatures (55, 65, 65, 
75, 85 and 95°C) are presented in table 1 and 2. 
 
The decrease in absorbance with increase in adsorbent 
mass % at constant temperature (Table 1and 2) could be 
attributed to the greater availability of exchangeable sites 
of adsorbent.  
 
It is observed that at constant adsorbent mass % (Table 1), 
the absorbance increased as temperature increased. This 
means that either the relative amount of pigment adsorbed 
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X decreased and the residual relative amount of pigments 
at equilibrium Xe increased during the decolourisation of 
black shea butter or colour development might be 
occurring due to oxidation enhancement caused by the 
increase in temperature. Sabah and Çelik reported that 
peroxides act by reducing absorbance of chlorophyll and 
other pigments through their oxidation, and therefore 
decrease the bleaching performance of adsorbent (Sabah 

and Celik, 2005). On the other hand, during the 
decolourisation of yellow shea butter at constant 
adsorbent mass % as shown in table 2, it is observed that 
as temperature increased the absorbance decreased, which 
is the opposite of what was observed for the 
decolourisation of black shea butter. In this case, the 
amounts of pigment adsorbed X increased and the 
residual relative amount Xe in the liquid phase decreased.  

Table 1. The absorbance of decolourised black shea butter (At) at different adsorbent dose and temperatures. 
 

Adsorbent dose (mass %) 
Temperature (°C) 1 2 3 4 5 

55 0.597Ie ± 0.01 0.568Id ± 0.02 0.526Ic ± 0.01 0.512Ib ± 0.04 0.430Ia ± 0.02 
65 0.627IIe ± 0.02 0.584IId ± 0.02 0.534IIc ± 0.02 0.523IIb ± 0.03 0.460IIa ± 0.01 
75 0.703IIIe ± 0.04 0.658IIId ± 0.01 0.538IIIc ± 0.03 0.529IIIb ± 0.01 0.468IIIa ± 0.04 
85 0.817IVe ± 0.01 0,672IVd ± 0.04 0.556IVc ± 0.01 0.548IVb ± 0.02 0.491IVa ± 0.02 
95 0.890Ve ± 0.02 0.730Vd ± 0.01 0.602Vc ± 0.03 0.572Vb ± 0.03 0.548Va ± 0.02 

Absorbances in the same row with different letters are significantly different (P < 0.05) 
Absorbances in the same column with different superscripts are significantly different (P < 0.05) 
 
Table 2. The absorbance of decolourised yellow shea butter (At) at different adsorbent dose and temperatures. 
 

Adsorbent dose (mass %) 
Temperature (°C) 1 2 3 4 5 

55 0.582Ie ± 0.03 0.477Id ± 0.01 0.456Ic ± 0.02 0.445Ib ± 0.03 0.377Ia ± 0.01 
65 0.535IIe ± 0.01 0.460IId ± 0.02 0.446IIc ± 0.01 0.418IIb ± 0.01 0.363IIa ± 0.03 
75 0.458IIIe ± 0.04 0.442IIId ± 0.03 0.427IIIc ± 0.04 0.395IIIb ± 0.01 0.355IIIa ± 0.02 
85 0.453IVe ± 0.01 0.437IVd ± 0.02 0.413IVc ± 0.02 0.388IVb ± 0.04 0.338IVa ± 0.04 
95 0.447Ve ± 0.02 0.415Vd ± 0.04 0.405Vc ± 0.01 0.358Vb ± 0.02 0.332Va ± 0.02 

Absorbances in the same row with different letters are significantly different (P < 0.05) 
Absorbances in the same column with different superscripts are significantly different (P < 0.05) 
 
Table 3. Model constants and coefficients of determination for decolourisation of black shea butter at different 
temperatures. 
 

                                        Freundlich constants                                        Langmuir constants                       
Temperature (°C) n K R2 Xmax b R2 

55 4.09 34.44 0.76 0.13 2.41 0.75 
65 4.67 57.02 0.97 0.14 2.41 0.90 
75 3.11 7.76 0.90 0.12 1.93 0.85 
85 2.52 3.38 0.91 0.12 1.58 0.86 
95 2.42 2.38 0.90 0.11 1.42 0.83 

 
Table 4. Model constants and coefficients of determination for decolourisation of yellow shea butter at different 
temperatures. 
 
                                                              Freundlich constants                                         Langmuir constants 

Temperature (°C) n K R2 Xmax b R2 
55 3.62 70.80 0.91 0.10 3.10 0.90 
65 4.05 166.73 0.91 0.11 3.38 0.96 
75 4.54 180.02 0.79 0.10 4.04 0.93 
85 4.67 683.91 0.78 0.10 4.00 0.91 
95 4.74 916.22 0.86 0.11 4.13 0.97 
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Fig. 1. Freundlich adsorption isotherms of black shea butter (stirred at 150 rpm, heated for 30min). X the relative
amount of pigments adsorbed at adsorbent mass m; Xe the residual relative amount of pigments at equilibrium. 
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Fig. 2. Langmuir adsorption isotherms of black shea butter (stirred at 150rpm, heated for 30min). X the relative amount
of pigments adsorbed at adsorbent mass m; Xe the residual relative amount of pigments at equilibrium. 
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Fig. 3. Freundlich adsorption isotherms of yellow shea butter (stirred at 150 rpm, heated for 30min). X the relative
amount of pigments adsorbed at adsorbent mass m; Xe the residual relative amount of pigments at equilibrium. 
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Fig. 4. Langmuir adsorption isotherms of yellow shea butter (stirred at 150 rpm, heated for 30min). X the relative
amount of pigments adsorbed at adsorbent mass m; Xe the residual relative amount of pigments at equilibrium 
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These observations seem to support the assertion that 
higher temperatures create more adsorption sites in the 
adsorbent (Sabah et al., 2007). 
 
Adsorption isotherms of black shea butter 
The Freundlich and Langmuir adsorption isotherms of the 
decolourisation of black shea butter with tonsil fuller 
earth at various temperatures are presented in figure 1 and 
2. The values of Freundlich and Langmuir constants in 
addition to the correlation coefficients are presented in 
table 3. Data presented in table 3, it is noticed that the 
adsorption intensity (n, b) reached a maximum at 65°C 
and then decreased along the range of temperature 65-
95°C. Sabah (2007) reported that bleaching of some 
vegetable oils at high temperature (80-100ºC) and at even 
high dosages of adsorbent is ineffective in provoking 
pigment adsorption, because high temperatures encourage 
oxidation that produces peroxides. The peroxides act to 
oxidise the pigments and therefore decrease the bleaching 
performance of the adsorbent. From these results, it could 
be stated that for decolourisation of black shea butter 
using tonsil fuller earth, a better decolourising power 
attained at a temperature of 65°C (K= 57.02, n = 4.67) as 
indicated by the Freundlich model (R2 = 97%). The values 
of n (2.42 - 4.67) appear to be in agreement with the usual 
range of 1 - 10 obtained for favourable adsorption. A 
similar trend was observed in the Langmuir model, i.e. 
highest value of adsorption capacity (Xmax= 0.1) and 
intensity of adsorption (b = 2.41) attained at the same 
temperature (65°C) with R2 = 90%. It was reported that a 

bleaching process where b from Langmuir equation is 
high implies that a small quantity of adsorbent would be 
consumed (Sabah, 2007). In other words, bleaching earth 
adsorbs much pigment during colour removal. From these 
results it might be reported that the adsorption of 
pigments in black shea butter using tonsil fuller earth 
obeys the Freundlich model at temperature of 65°C. 
Hence black shea butter should be decolourised at 65°C. 
 
Adsorption isotherms of yellow shea butter 
Figure 3 and 4 show Freundlich and Langmuir adsorption 
isotherms of the decolourisation of yellow shea butter 
using tonsil fuller earth at different temperatures. It is 
noticed that the application of the two models in 
decolourisation of yellow shea butter vary according to 
the data in table 4. 
 
These data show that, for the decolourisation of yellow 
shea butter using tonsil fuller earth, the intensity of 
adsorption n of Freundlich model and b of Langmuir 
model increased with an increase in temperature (Table 
4). Highest values were achieved at 95 °C for both cases. 
On the other hand, though the capacity of adsorption 
(Xmax) of Langmuir model not followed a clear pattern, 
the capacity of adsorption K of Freundlich model 
increased with an increase of temperature and the highest 
value (916.22) attained at 95°C. Furthermore, the values 
of the coefficient of determination of the Freundlich and 
Langmuir isotherms at 95°C indicate that the Freundlich 
model explained only 86% of the adsorption process, 
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Fig. 5. Temperature dependence of the equilibrium at 1, 2, 3, 4 and 5 adsorbent mass %. Xe the residual relative
amount of pigments at equilibrium; T temperature in Kelvin 
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while Langmuir model explained 97%. Therefore, the 
Langmuir model better fitted the adsorption isotherm data 
of decolourisation of yellow shea butter.  
 
Determination of the enthalpy of adsorption, change in 
entropy and Gibbs free energy 
Temperature dependence of the residual relative amount 
of pigments at equilibrium (Xe) (Fig. 5) at 1, 2, 3, 4, and 5 
adsorbent mass % provides the calculation of the heat of 
adsorption (∆Hºad) and the change in standard entropy 
(∆S0

ad).  From the data in table 5, it is observed that 
decolourisation of yellow shea butter using tonsil fuller 
earth is a physical phenomenon, since all the values of 
enthalpy of adsorption (∆Hºad) were less than 20 kJ/mol 
(Sabah, 2007). The values of coefficients of determination 
(Table 5) suggested that the adsorption isotherm data 
were well fitted (R2 = 0.97-0.99). The negative values of 
∆H0

ad (-3.03 -7.05) for the decolourisation of yellow shea 
butter indicated that the decolourisation is an exothermic 
process, while the negative values of ∆S0

ad (-0.022 - 0.032 
kJmol-1) referred to a high binding strength between the 
colour material and the adsorbent (Liu et al., 2004).  The 
negative values of ∆Gºad in table 6 suggesting that, the 
adsorption process is spontaneous and that the overall 
process is thermodynamically favourable. It is also shown 
that the magnitude of ∆G° generally increased as 
temperature increased, indicating a greater driving force 
to sorption, and subsequently leading to higher adsorption 
capacity at higher temperatures i.e. higher temperatures 
favour the removal of pigments. 
 
CONCLUSION 
 
Langmuir adsorption isotherm model fitted well the 
decolourisation of yellow shea butter at 95°C, while 
Freundlich model fitted well the decolourisation of black 
shea butter at 65°C. Moreover, the absolute value of 
enthalpy of adsorption showed that the decolourisation 
process of shea butter is a physical phenomenon, whereas 
the negative values of Gibbs free energy suggested that, 
the adsorption is spontaneous process. Also, the negative 
values of entropy referred to a high binding strength 
between the pigments and the adsorbent. 
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Symbols used 
A0 Absorbance of crude shea butter 
At Absorbance of decolourised shea butter at equilibrium time t 
b Langmuir adsorption equilibrium constant (g/mg) 
m Mass of adsorbent (g) 
n, K Freundlich constants 
R Universal gas constant (8.31414 Jmol-1K-1) 

R2 Correlation coefficient 
T Temperature (Kelvin) 
X Relative amount of pigments adsorbed (mg/g) 
Xe Residual relative amount of pigments at equilibrium (mg/g) 
Xmax Quantity of pigment adsorbed at monolayer (mg) 
∆Gºad Gibbs free energy of adsorption (kJmol-1) 
∆Had Enthalpy (heat) of adsorption (kJmol-1) 
∆Sºad Change in standard entropy (kJmol-1) 
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ABSTRACT 

 

The study investigated and characterized the microbes that contaminate and cause spoilage of most dry herbal medicinal 

powders/teas sold on the Ghanaian Market. Also investigated was the microbial load of these herbal powders/teas using 

pour plate and/or spread plate methods. Ten herbal medicinal powders were analyzed. The powdered herbal medicinal 

powders were taken through irradiation processes at the Ghana Atomic Energy Commission. The results showed that all 

the dry powders were contaminated. The microbial load count of the samples indicated thirty percent (3 out of 10) of the 

dry powders achieved the specifications for both aerobic bacteria and fungal growth whilst one hundred percent (10 out 

of 10) of the dry powders irradiated were free from microbial contamination. The characterization of the isolated 

microbes confirmed the dominance of members of the genus Bacillus, Rhizopus, Aspergillus and Candida in the dry 

powders included. In conclusion, the study confirmed that most herbal medicinal products on the Ghanaian market are 

contaminated with pathogenic bacteria, yeasts and moulds. Therefore, there is the need for constant monitoring and 

control of the standards of herbal medicines. 

 

Keywords: Herbal powders, microbial load, contaminants, spoilage, irradiation. 

 

INTRODUCTION 

 

Herbal medicine/phytomedicine/botanical medicine refers 

to the use of seeds, berries, roots, leaves, stem bark, or 

flowers of plants for medicinal purposes. According to 

WHO (2006), about 70 to 80% of the populations of most 

countries of the developing world rely on herbal or 

indigenous forms of medicine. Herbal medicines are often 

easy to prepare, affordable and accessible to the vast rural 

populace (Abbiw, 1990). It can therefore serve as a 

forerunner in the primary medical care of the population. 

Calixto (2000) proposed that phytomedicines, if 

combined with the preventive model of medical practices, 

could be among the most cost-effective, practical ways to 

shift the focus of modern health care from disease 

treatment to prevention. Due to the relatively high cost of 

the conventional pharmaceutical dosage forms, the 

increased resistance of bacteria to most antibiotics and the 

reduced side effects, the search for natural remedies has 

become necessary (Okeke et al., 1999; Hack, 2005). 

However, medicinal plant materials normally carry a large 

number of microbes originating from the soil (Adeleye et 

al., 2005). Additionally, contaminants may be introduced 

during harvesting, handling, and production of various 

herbal remedies (Adeleye et al., 2005; WHO, 1998; 

Sofowora, 1982). Herbal and natural products can be safer 

than synthetic medicines by imposing regulatory 

standards to improve shelf life of products and reduce risk 

on consumers` life. This study was designed to investigate 

the microbial contaminants that cause spoilage of dry 

herbal medicinal powders/teas produced by herbal 

manufacturing outlets in Ghana. 

 

MATERIALS AND METHODS 

 

Materials 

The microbial quality of 10 dry herbal medicinal 

powders/teas sold by the manufacturers were examined 

for their microbial profiles.  

 

Method 

1g of the dry powders/teas were aseptically transferred 

separately and mixed in 9ml of sterile peptone water in 

Stomacher bags using the Stomacher machine for 10s. 

Ten-fold serial dilutions were made and viability assessed 

using the pour plate and/or spread plate method in 

triplicates and plates incubated at 30°C for 3 days in the 

case of bacteria and at 25°C for 3-5 days for yeasts and 

moulds.    

 

Microbial load count 

Bacteria were enumerated on Plate Count Agar, Violet 
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Red Bile Agar, deMann-Rogosa-Sharpe Agar and 

Glucose Yeast extract Calcium Carbonate Agar. Yeasts 

and moulds were enumerated on Malt Extract Agar 

containing specific antibiotics. The viable aerobic 

bacterial count were assessed using well established 

methods 

 

Microbial identification 

The pure isolates were examined by their colonial and cell 

morphology, Gram reaction and other biochemical tests. 

Identification of species was carried out by assaying 

cultures in the Analytical Profile Index (API) galleries 

(Biomerieux, France). 

 

RESULTS AND DISCUSSION  

 

The results of the mean microbial load counts of the 

control and irradiated powders. The values for 6 of the 

powders were within the acceptable range for APC whilst 

on the malt extract agar only 4 were within the acceptable 

range (EP, 2007). In combination counts 3 out of the 10 

herbal powders did not exceed the limits for microbial 

load. All the 10 powders were irradiated at different doses 

of 5.0 kGy, 7.5 kGy, 10.0 kGy and 24.0 kGy. The results 

from table 1 confirmed total elimination/inhibition of 

microbes in all the 10 products analyzed after irradiation. 

 

Microbial isolates  

Table 2 shows the microbial content of the dry powders 

analyzed. A total of six bacterial and six fungal species 

were isolated from the dry powders. Bacillus subtilis 

(47.1%) were the most prevalent bacteria isolated from 

the dry powders. Of the fungal isolates, the most common 

were the moulds, Rhizopus stolonifer, Aspergillus niger 

and a yeast called Candida silvicola, representing 35.7, 

28.6 and 14.3% of the total fungal population respectively. 

 

Ghana today has an increased public awareness and usage 

of herbal medicinal products in the treatment and/or 

prevention of diseases (Abbiw, 1990). The relatively high 

cost of the conventional pharmaceutical dosage forms and 

inaccessibility of the orthodox medical services to most 

people particularly in the rural areas are contributing 

factors (Krogsgaard et al., 1984; Abbiw, 1990). Since 

there have been increased usage, health authorities and 

health professionals are concerned about the safety, 

efficacy and quality of these medicines (WHO, 2004). 

The methods used in harvesting, handling, processing, 

storage and distribution of herbal medicines subject them 

to contamination by various microorganisms, some of 

which may be responsible for spoilage (WHO, 2004).   

 

The results of this study showed that the samples 

analyzed were contaminated to various extents with 

 

Table 1. Mean microbial load count of control and irradiated powders. 

 

Product/Media 
                Mean Microbial Load of Irradiated Powders (cfu/g) 

Control (0.0kGy) 5.0kGy 7.5kGy 10.0kGy 24.0kGy 

 

XLV 

PCA 8.0 x10
3 
± 1.00   No growth No growth No growth No growth 

MEA 2.0 x10
3 
± 1.00      " " " " 

 

FEF 

PCA 2.3 x10
3 
± 2.00   " " " " 

MEA 4.0 x10
2 
± 1.00    " " " " 

 

KPN 

PCA 8.8 x10
2 
± 2.08   " " " " 

MEA No growth  " " " " 

 

BLG 

PCA 1.6x10
3 
±2.00 " " " " 

MEA 5.0x10
2
± 2.00 " " " " 

 

LPT 

PCA 3.2 x10
5 
± 2.65   " " " " 

MEA TNTC    " " " " 

 

APS 

PCA TNTC " " " " 

MEA 3.1x10
5 
± 2.65    " " " " 

 

TAA 

PCA 4.2 x10
4 
±2.65    " " " " 

MEA 2.1 x10
3 
± 2.00     " " " " 

 

CHD 

PCA 3.4 x10
5 
± 4.00    " " " " 

MEA 3.0 x10
2 
± 3.61   " " " " 

 

SPP 

PCA 2.6 x10
4 
± 3.04    " " " " 

MEA 5.3 x10
3 
± 4.20    " " " " 

 

CND 

PCA 1.35 x10
5 
± 3.61      " " " " 

MEA 1.9 x10
4 
± 2.00   " " " " 

Key: kGy - kiloGray 
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bacteria and fungi. The limits of microbial contamination 

for raw materials are: total aerobic bacteria, maximum 10
7 

cfu/g, moulds and yeast, maximum 10
5
 cfu/g, Escherichia 

coli, maximum 10
4 

cfu/g, Enterobacteria and other Gram 

negative bacteria, maximum 10
4 

cfu/g. Shigella and 

Salmonella must be absent per gram according to the 

World Health Organization (WHO, 2004).  The microbial 

load count of the isolated and characterized microbes 

from the raw materials  indicated the presence of the 

following bacteria species: Escherichia coli, Proteus 

vulgaris, Serratia ficaria, Bacillus cereus, Staphylococcus 

aureus, Bacillus subtilis and Bacillus licheniformis. The 

isolation of pathogenic strains, including B. cereus, S. 

aureus and E. coli is very important, because of health 

concern. They are known to cause human illness (Dohmai 

et al., 2008). Fungal isolates encountered included 

Aspergillus niger, Aspergillus flavus, Aspergillus 

sulphureus, Penicillium digitatum, Fusarium oxysporum, 

Mycelia sterilia and Cladosporon herbarum whilst the 

yeasts strains isolated were Trichosporon mucoides, 

Candida membranifasciens and Candida krusei. Research 

work by Efuntoye (1996), revealed the presence of A. 

parasiticus, A. flavus and A. ochraceus on dried 

medicinal herbs from the Nigerian market, whilst Czech 

et al. (2001) reported bacterial and fungal contamination 

of medicinal herbs in Austria. Martins et al. (2001a) 

isolated several Aspergillus species including A. niger 

from orange tree leaves. The isolation of various 

aspergilli, especially A. flavus is of highest concern 

because it is known to produce aflatoxins.  A. niger, A. 

versicolor and Penicillium spp. also have the potential for 

toxigenesis (El-Kady et al., 1994; Perone et al., 2006). 

Their presence in the raw materials should be kept as low 

as possible and the moisture content of the product 

maintained at levels that do not allow fungal growth 

(Lugauskas et al., 2006). 

 

The results of the microbial load count of the dry powders 

(Table 2) was one hundred percent (10 out of 10) 

contaminated by aerobic bacteria and ninety percent (9 

out of 10) contaminated by fungi. However, forty percent 

(4 out of 10) of the powders were found to have exceeded 

the acceptable limit for APC whilst sixty percent (6 out of 

10) of the powders were found to have exceeded the 

acceptable limit for moulds and yeasts count (EP, 2007). 

KPN was found to be free from fungal contamination. A 

total of nine bacterial and six fungal species (Table 2) 

were isolated from the powders with Bacillus species 

found to be contaminating all the ten powders. The 

presence of Bacillus species in the powders may be as a 

result of inadequate heat processing, improper handling of 

products and contaminated processing equipment (Frazier 

and Westhoff, 2003) although these stages of processing 

were not investigated but are known to be predisposing 

factors. The isolation of Staphylococcus aureus from 

XLV makes it a health risk since this organism is capable 

of causing human infection such as boils, skin sepsis, 

toxic shock syndrome, scalded skin syndrome, pneumonia, 

osteomyelitis and food poisoning (Jawetz et al., 2004). 

The dominating fungal contaminants were Rhizopus 

stolonifer (35.7%), Aspergillus niger (28.6%) and the 

yeast, Candida silvicola (14.3%). Apart from R. stolonifer, 

Table 2. Microbial content of dry powders. 

 

Product 
Microbial  isolate 

Bacteria Fungi 

XLV Staphylococcus aureus 

Bacillus subtilis 

Aspergillus niger 

FEF Bacillus licheniformis 

Escherichia vulneris 

Aspergillus niger 

 Penicillium digitatum 

KPN Bacillus subtilis - 

BLG Bacillus subtilis Rhizopus stolonifer 

 Aspergillus niger 

LPT Bacillus subtilis 

Serratia ficaria 

Rhizopus stolonifer 

APS Bacillus megaterium 

Bacillus subtilis 

Enterobacter aerogenes 

Klebsiella oxytoca 

Rhizopus stolonifer 

Candida silvicola, 

 Geotrichum spp 

TAA Bacillus subtilis 

Serratia ficaria 

Rhizopus stolonifer 

CHD Bacillus circulans Aspergillus niger 

SPP Bacillus subtilis Aspergillus flavus 

CND Bacillus subtilis Rhizopus stolonifer 

 Candida silvicola 
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A. niger and C. silvicola, A. flavus, P. digitatum and 

Geotrichum species were confirmed to contaminate the 

powders. Romagnoli et al. (2007) reported that dried 

material from plant origin such as spices are commonly 

heavily contaminated with xerophilic storage moulds and 

bacteria. The level of mould contamination in powders 

depends largely on the environmental conditions during 

cultivation, harvesting, storage and processing 

(Romagnoli et al., 2007). Moulds normally proliferate and 

spoil the product and possibly produce mycotoxins if the 

moisture of the product increases during storage 

(Romagnoli et al., 2007). This might have been 

responsible for the organisms isolated from the medicinal 

powders of plant origin investigated in the present study. 

 

The results of the irradiated powders (Table 2) confirmed 

that the ionizing radiation destroyed/inhibited all the 

spoilage and pathogenic bacteria and fungi present in the 

powders at all the doses used. The destruction/inhibition 

of microbial contaminants can prolong the shelf-life of 

products in cases where microbial spoilage is the limiting 

factor (Satin, 1996). As a result, irradiation is used for 

purposes such as reducing or eliminating food borne 

pathogens, disinfecting food, and extending product shelf-

life. The result of the irradiated medicinal powders of 

plant origin is not different from this practice in USA by 

application (Marsden, 1994). 

 

The volume of irradiated spices and dried vegetable 

seasonings globally has increased significantly from about 

5,000 tonnes in 1990 to over 60,000 tonnes in 1997 

(WHO, 1997). Irradiation will therefore be useful in 

preventing contamination of herbal medicinal products. 

 

CONCLUSION 

 

The study demonstrated the presence of microbial 

contaminants in the products at levels most times 

exceeding the acceptable limits of microbial load count. 

The presence of Aspergillus species isolated from the 

products has the potential for toxin production in the 

products. This study also confirmed that exposure of the 

powders to ionizing radiations resulted in the 

elimination/inhibition of spoilage and pathogenic bacteria 

and fungi. Irradiation can therefore be the best and 

effective method for reducing and eliminating product 

pathogens and thereby extending product shelf-life.  

 

REFERENCES 

 

Abbiw, DK. 1990. Useful plants of Ghana. Intermediate 

Technology Publications and   the Royal Botanic Gardens, 

UK. 118-205. 

Adeleye, IA., Okogi, G. and Ojo, EO. 2005. Microbial 

contamination of herbal preparations In Lagos, Nigeria. J. 

of Health, Nutrition and population. 23 (3):296-297. 

Calixto, JB. 2000. Efficacy, safety, quality control, 

marketing and regulatory guidelines for herbal medicines 

(Phytotherapeutic agents). Braz. J. Microbiology. 33:179-

189. 

Czech E., Kneifel W. and Kopp, B. 2001. Microbiological 

status of commercially available medicinal herbal drugs – 

a screening study. Planta Med. 67:263-9. 

Dohmae, S., Okubo, T., Higuchi, W., Takano, T., Isobe, 

H., Baranovich, T., Kobayashi, S., Uchiyama, M., Tanabe, 

Y., Itoh, M. and Yamamoto, T. 2008. Bacillus cereus 

nosocomial Infection from reused towels in Japan. J. 

Hosp. Infection. 69 (4): 361-7. 

Efuntoye, MO. 1996. Fungi associated with herbal drug 

plants during storage. Mycopathologia. 136:115-8. 

El-Kady, I., El-Maraghy, S. and Zohri, AN. 1994. 

Mycotoxin producing potential of some isolates of 

Aspergillus flavus and Eurotium groups from meat 

products. Microbiol. Res. 149(3): 297-307. 

European Pharmacopoeia. 2007. Directorate for the 

Quality of Medicines of the Council of Europe (5th edi.). 

Strasbourg, France. 

Frazier, WC. and Westhoff, DC. 2003. Food 

Microbiology (4
th

 edi.). McGraw-Hill Publishing 

Company Limited. 66-67. 

Hack, SK. 2005. Do not put too much value on 

conventional medicine. J. Ethnopharmacol. 100:37-39. 

Jawetz, E., Melnick, JL., Adelberg, EA. 2004. Medical 

Microbiology (24
th

 edi.). McGraw Hill Publishers. 223-

229. 

Krogsgaard-Larsen, P., Cristensen, SB. and Kofod, H. 

1984. Natural products and drug development, 

Munksgaard, Copenhagan. pp110. 

Lugauskas, A., Raila, A., Railiene, M. and Raudoniene, V.  

2006. Toxic micromycetes in grain raw material during its 

processing. Ann. Agric. Environ. Med. 13(1):147-61. 

Marsden, JL. 1994. Irradiation and food safety. American 

Meat Institute Issues Briefing. 1- 4. 

Martins, HM., Martins, ML., Dias, MI. and Bernado, F.  

2001
a
. Evaluation of microbiological quality of medicinal 

plants used in natural infusions. Int. J. Food Microbiol. 

68:149-53. 

Okeke, IN., Lamikanra, A. and Elderman. 1999. 

Socioeconomic and behavioural factors leading to 

acquired bacterial resistance to antibiotics in developing 

countries. Emerging Infectious Diseases. 5:18-27. 

Perrone, G., Mulè, G., Susca, A., Battilani, P., Pietri, A. 

and Logrieco, A. 2006. Ochratoxin A production and 

amplified fragment length polymorphism analysis of 

Aspergillus carbonarius, Aspergillus tubingensis, and 



Osei-Adjei et al. 2849 

Aspergillus niger strains isolated from grapes in Italy. 

Appl. Environ. Microbiol. 72(1): 680-685. 

Romagnoli, B., Menna, V., Gruppioni, N. and Bergamini, 

C. 2007. Aflatoxins in spices, aromatic herbs, herbs-teas 

and medicinal plants marketed in Italy. Food Control 

18:697-701. 

Satin, M. 1996. Food Irradiation: A Guidebook (2
nd

 edi.). 

CRC Press. 

Sofowora, A. 1982. Medicinal plants and traditional 

medicine in Africa. Chichester. Wiley. pp256. 

World Health Organization (WHO). 1997. Food 

Irradiation:  Sky is the Limit. WHO Press Release 

WHO/68, 19 September, 1997. WHO Press Office, 

Geneva. 

World Health Organization (WHO). 1998. Regulatory 

situation of herbal medicine: A world wide review. World 

Health Organization, Geneva. 

World Health Organization (WHO). 2004. Revised Draft 

WHO guidelines for assessing safety and quality of herbal 

medicines with reference to contaminants and residues.    

World Health Organization (WHO). 2006. Traditional 

Medicine. 

 

Received: Oct 9, 2013; Accepted: Jan 15, 2014 

 



SENRA Academic Publishers, British Columbia  

Vol. 8, No. 2, pp. 2851-2857, June 2014 

Online ISSN: 1920-3853; Print ISSN: 1715-9997 

 

ANTI-INFLAMMATORY AND ANTIOXIDANT ACTIVITIES OF ETHANOLIC    

EXTRACT OF LEAVES OF NEWBOULDIA LAEVIS IN DIABETIC RATS 

 

*Kolawole OT
1
 and Akanji MA

2
 

1
Department of Pharmacology and Therapeutics, Ladoke Akintola University of Technology, Ogbomoso 

2
Department of Biochemistry, University of Ilorin, Ilorin, Nigeria 

 

ABSTRACT 

 

This study was designed to evaluate anti-inflammatory and antioxidant potentials of ethanolic extract of leaves of 

Newbouldia laevis in diabetic rats. Diabetes was induced in rats by intravenous injection of freshly prepared solution of 

streptozotocin (60 mg/kg body weight). Diabetic rats were then treated with extract of the leaves of N. laevis (500 mg/kg 

body weight) for 28 days after which serum levels of tumor necrosis factor alpha (TNF-α) and interleukin -1 beta (IL-1β) 

were estimated using ELISA kit while serum concentration of nitric oxide (NO) was determined by Griess assay. The 

activities of catalase (CAT), reduced glutathione (GSH), glutathione peroxidase (GPx) and superoxide dismutase (SOD) 

were also estimated. Free radical scavenging activity of the extract was measured by decrease in the absorbance of 

methanol solution of 1,1-diphenyl-2-picrylhydrazyl (DPPH). The extract significantly reduced (P < 0.05) serum levels of 

nitric oxide, IL-1β as well as TNF-α in diabetic rats. The activities of CAT, GSH, GPx and SOD were significantly 

increased (P < 0.05) in treated diabetic rats compared to diabetic control. The extract also possesses free radical 

scavenging activity against DPPH with IC50 of 7.2 µg/ml. The study showed that ethanolic extract of N. laevis leaves 

possesses anti-inflammatory and antioxidant properties in streptozotocin-induced diabetic rats.   

 

Keywords: Newbouldia laevis, inflammation, antioxidant, diabetes, cytokines.   

  

INTRODUCTION 

 

Under normal physiologic condition, inflammation is a 

protective response elicited by tissue injury. It is the 

mechanism through which the body destroys or 

neutralizes invading harmful agents and also restores 

homeostasis after stress (Lumeng and Saltiel, 2011). 

During inflammatory process, cytokines such as tumor 

necrosis factor alpha (TNF-α), interferon gamma (IFN-γ) 

and Interleukin 1β (IL-1β) are released when monocytes 

and macrophages are activated. However, activation of 

macrophages must be tightly regulated in order to avoid 

unrestrained inflammatory process through inappropriate 

release of cytokines (Sakic et al., 2011). When there is 

distortion in the normal regulatory control of the 

inflammatory process, the innate and acute phase 

responses are sustained and disease progression ensues. 

The connection between inflammation and free radical 

generation has also been established (Yeh et al., 2005). 

Overproduction of radicals such as superoxide anions, 

hydroxyl radical, hydrogen peroxide and nitric oxide 

(NO) results in oxidative stress and chronic inflammation. 

The reaction products of these radicals trigger lipid 

peroxidation, oxidation of enzymes and proteins and 

modifications of nucleic acids (Barrera, 2012). This is the 

fundamental mechanism underlying many pathological 

conditions.  

 

Reports from several clinical and experimental studies 

have linked increased oxidative stress and low grade 

chronic inflammation with the development of insulin-

dependent diabetes as well as noninsulin-dependent 

diabetes (Ferreira et al., 2010; Parveen et al., 2012). In 

diabetes, chronic hyperglycemia leads to increased 

generation of superoxide by the mitochondrial electron 

transport chain (Tushuizen et al., 2005). An imbalance in 

the generation and scavenging of reactive oxygen species 

(ROS) and reactive nitrogen species (RNS) results in 

oxidative stress. This eventually leads to altered function 

of intracellular proteins, DNA damage, and activation of 

NF- kB which triggers abnormal changes in gene 

expression as well as increased generation of pro-

inflammatory cytokines and inducible nitric oxide 

(Mohora et al., 2007).  As ROS and RNS accumulate, 

more and more beta cells of the pancreas get destroyed 

and this contributes to the progression and complications 

of diabetes. Therefore, agents with antioxidant and anti-

inflammatory activities are expected to be effective in the 

treatment of diabetes and its complications.   

 

In spite of the health benefits of the current antidiabetic 

drugs, each drug has its own range of side effects which 

may compromise the disease status or even worsen the 

condition in some cases. Some of the side effects of 

antidiabetic drugs which may offset their benefits include 

weight gain, hyperinsulinemia, hypoglycemia, edema and 
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volume expansion (Modi, 2007). Thus, the prevalence of 

the disease continues to rise worldwide and there is little 

that could be done to prevent its complications. Therefore, 

there is the need to search for better antidiabetic remedies 

with good antioxidant and anti-inflammatory properties.   

 

Medicinal plants have contributed greatly to the 

development of modern drugs, including those used in the 

management of diabetes mellitus. It is estimated that more 

than 400 plant species are used as anti-diabetic remedy, 

but only a limited number of them have been studied and 

validated for their antidiabetic properties using laboratory 

diabetic animal models and in clinical studies using 

human subjects (Sharma et al., 2011). Galega officinalis, 

Momordica charantia, Gymnema sylvestre, and Opuntia 

streptacantha are among plants that have been reported to 

be effective in the management of diabetes by virtue of 

their anti-inflammatory and antioxidant properties 

(Bnouham et al., 2006; Gupta and Sharma, 2006).  

 

Newbouldia laevis (P. Beauv) is one of the plants 

employed in the management of diabetes in Nigeria, 

which have not been subjected to proper scientific 

investigations. Its common names are ‘African border 

tree’ and ‘fertility tree’. The leaves of the plant are soaked 

in ethanol and the filtrate is taken orally to treat diabetes. 

The extract of the leaves has been reported to lower blood 

glucose level in diabetic rats (Owolabi et al., 2011).  The 

anti-inflammatory, analgesic and antipyretic properties of 

the stem bark and flowers of the plant have been studied 

(Olajide et al., 1997). In this study, the leaf extract of N. 

laevis was evaluated for antioxidant and anti-

inflammatory activities in diabetic rats.    

 

MATERIALS AND METHODS 

 

Collection of plant material 

Leaves of Newbouldia laevis were collected from the 

premises of College of Health Sciences, Ladoke Akintola 

University of Technology, Mercyland, Osogbo Campus, 

Nigeria. The plant sample was identified and 

authenticated by a taxonomist in Forestry Research 

Institute of Nigeria (FRIN), Ibadan, Nigeria. A voucher 

specimen was deposited in the herbarium of the institute 

(voucher specimen no: FHI 107753). 

 

Preparation of plant extract 

The leaves were thoroughly washed with distilled water to 

remove soil and other debris that may contaminate the 

plant sample. The washed sample was then air-dried 

under shade in the laboratory for 5 days and the dry plant 

sample was pulverized using an electric grinding 

machine. The resultant powder sample weighing 500g 

was then extracted with 80% ethanol at 70
0
C by 

continuous hot percolation using a Soxhlet apparatus. The 

extraction was carried out for 24h and the resulting 

ethanolic extract was concentrated at 40
o
C in a rotary 

evaporator. The solid sample obtained weighed 47.5g 

(yield = 9.5%). The crude ethanolic extract (NLet) was 

kept in air-tight container and stored in a refrigerator at 40C 

until the time of use. 

 

Experimental animals 

Male Wistar rats weighing 180-200g were obtained from 

the Animal Holding Unit of the Department of 

Pharmacology and Therapeutics, Ladoke Akintola 

University of Technology (LAUTECH), Nigeria. The 

animals were housed in polypropylene cages inside a 

well-ventilated room. The animals were maintained under 

standard laboratory conditions of temperature (22 ± 2° C), 

relative humidity (55-65%) and 12 hour light/dark cycle. 

They were allowed to acclimatize for 2 weeks before the 

experiment. During the experimental period, animals were 

fed with a standard balanced commercial pellet diet 

(Ladokun Feeds Ltd. Ibadan, Nigeria) and potable tap 

water ad libitum. 

 

Ethical consideration 

All experimental procedures were conducted in 

accordance with the National Institute of Health Guide for 

the Care and Use of Laboratory Animals (National 

Institute of Health, 1985) as well as Ethical Guidelines for 

the Use of Laboratory Animals in LAUTECH, Nigeria. 

 

Induction of Diabetes mellitus 

Experimental diabetes was induced in rats, which had 

fasted for 12hr by a single intravenous injection through 

the tail vein of a freshly prepared solution of 

streptozotocin (STZ) (60mg/kg b.wt) dissolved in 0.1M 

cold citrate buffer, pH 4.5 (Chen et al., 2005). The rats 

were allowed to drink 5% glucose solution overnight to 

overcome drug-induced hypoglycemia. Estimation of 

fasting blood glucose (FBG) was done 72hours after 

injection of STZ to confirm induction of diabetes and then 

on the 7th day to investigate the stability of diabetic 

condition. Fasting blood glucose was estimated by One 

Touch
®
 glucometer (Lifescan, Inc. 1995 Milpas, 

California, USA). Blood sample for the FBG 

determination was obtained from the tail vein of the rats 

and those with blood glucose value ≥ 200 mg/dl were 

selected for the study. 

 

Biochemical assays 

After treating diabetic rats with NLet (500mg/kg body 

weight) for 28 days, serum levels of TNF- α and IL-1β 

were estimated using Rat TNF-α and Rat IL-1β ELISA 

kits (RayBiotech Inc, USA). Measurement of NO was 

carried out as described by Zahedi et al. (2008) using 

Griess Reagent System procured from Sigma-Aldrich (St 

Louis, MO, USA). The activities of enzymatic 

antioxidants in rat liver were estimated. Catalase (CAT) 

activity was assayed as described by Sinha (1972). The 

activity of glutathione peroxidase (GPx) was determined 

as described by Rotruck et al. (1973). The level of 
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reduced glutathione (GSH) was estimated using the 

method of Jollow et al. (1974). Superoxide dismutase 

(SOD) activity was assayed by the method of Kakkar et 

al. (1984). Glibenclamide (5mg/kg body weight) was 

used as reference drug. Free radical scavenging activity of 

the extract was measured by decrease in the absorbance of 

methanol solution of 1,1-diphenyl-2-picrylhydrazyl 

(DPPH) (Hantano et al., 1989) and ascorbic acid was used 

as reference drugs.  

 

Statistical analysis 

Data obtained from the experiments are expressed as 

mean ± standard error of mean (SEM). Data were 

subjected to one-way analysis of variance (ANOVA) 

followed by Student’s t- test. A level of P < 0.05 was 

taken as significant.  GraphPad Prism version 5.0 for 

windows was used for these statistical analyses 

(GraphPad software, San Diego California, USA). 

 

RESULTS AND DISCUSSION 

 

The results indicate that N. leavis extract has free radical 

scavenging activity against DPPH.  The concentration of 

NLet that caused 50% inhibition (IC50) was 7.2µg/ml 

while that of the standard drug, ascorbic acid was 

4.4µg/ml. The result is presented in figure 1. 

 

The extract stimulated the activity of enzymatic 

antioxidants in diabetic rats. In the rat liver, the cellular 

levels of reduced glutathione (GSH), superoxide 

dismutase (SOD), catalase (CAT) and glutathione 

peroxidase (GPx) decreased significantly (P < 0.05) in the 

diabetic control group relative to the non-diabetic control. 

Compared with the diabetic control group, there was a 

significant increase (P < 0.05) in the levels of the 

antioxidants in the groups treated with glibenclamide and 

NLet. NLet increased the level of GSH (53.1%), CAT 

(21.5%), GPx (20.2%) and SOD (33%) relative to 

diabetic control. There was no significant difference (P > 

0.05) between NLet-treated group and the glibenclamide-

treated group. The results are presented in figure 2.  

 

As shown in figure 3, serum level of NO was significantly 

increased (P < 0.05) in diabetic control group compared to 

non-diabetic control group. NLet reduced serum level of 

NO in diabetic rats and the reduction was significantly 

different (P < 0.05) compared to diabetic control. 

Likewise, serum level of tumor necrosis factor alpha 

(TNF-α) and interleukin -1β (IL-1β) increased 

significantly in diabetic control when compared with non-

diabetic control. This was reversed by NLet and the serum 

levels of both TNF-α (Fig. 4) and IL-1β (Fig. 5) in the 

NLet-treated group was significantly different from those 

of the diabetic controls. 

 

Diabetes mellitus is usually accompanied by increased 

levels of free radicals and decreased concentration or 

activity of antioxidants. Excess production of free radicals 

triggers the process of oxidative stress that can seriously 

alter the cell membranes and other structures such as 

proteins, lipids and deoxyribonucleic acid (DNA). 

Oxidative stress sets in when cells cannot adequately mop 

up the excess free radicals formed.   In other words, 

oxidative stress results when there is an imbalance 

between the formation and neutralization of free radicals 

(Genestra, 2007). Numerous studies have shown that 

enzymatic antioxidant defense system is compromised in 

diabetes (Martin et al., 2003; Atef and Ezz, 2012).   

Superoxide dismutase, catalase, glutathione peroxidase 

and reduced glutathione play significant role in protecting 

against tissue damage by free radicals. The functions of 

these antioxidants are interconnected and a decrease in 

their concentration leads to the accumulation of lipid 

peroxides and increased oxidative stress (Kaleem et al., 

2006). In diabetes, hyperglycemia promotes glucose 

oxidation and this further leads to free radical 

accumulation. This is followed by protein glycation and 

oxidative degeneration. In this situation, the concentration 

and activity of the enzymatic antioxidants are 

significantly reduced. In uncontrolled or poorly controlled 

diabetes, advanced glycation endproducts (AGEs) are 

irreversibly formed. These are involved in the 

pathogenesis of many of the irreversible complications of 

diabetes, including hypertrophy, hyperplasia, expanded 

extracellular matrix and vascular complications (Martin et 

al., 2003).  

In the present study, the ethanolic extract of the leaves of 

Newbouldia laevis was demonstrated to have free radical 

scavenging activity against DPPH with IC50 of 7.2µg/ml. 

The results also showed that the extract stimulated the 

activity of SOD, CAT, GPx and GSH in the liver of 

diabetic rats and there was no significant difference (P > 

0.05) between the group treated with NLet and the 

glibenclamide-treated group. This indicates that NLet 

contains antioxidant principles that can protect the 

enzymatic antioxidant system against damage by 

excessive oxidative stress. 

Inflammatory cytokines are important mediators of β-cell 

destruction in animal models of diabetes as well as in 

human islets. A combination of interleukin-1(IL-1), γ-

interferon (INF-γ) and tumor necrosis factor (TNF) 

stimulates inducible nitric oxide synthase (iNOS) 

expression in the islet and this leads to increased 

production of nitric oxide (NO) that causes the destruction 

of the islet cells (Thomas et al., 2002).  
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     Fig. 1. DPPH free radical scavenging activity of N. laevis extract. 

     Values are means ± SEM of three replicates. 

 

 
 

Fig. 2. Effect of N. laevis leaf extract on the activity of enzymatic antioxidants in the liver of diabetic rats.                                                                                                                                          

Values represent mean ± SEM (n = 6). 
*
P < 0.05 compared with normal control; 

†
P < 0.05 compared with diabetic 

control. 
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Fig. 3.  Effects of N. laevis leaf extract on serum level of nitric oxide in diabetic rats.   †P < 0.05 compared with the non-

diabetic control; *P < 0.05 compared with diabetic control. Values represent mean ± SEM (n = 6). 
 
 

 
Fig. 4. Effect of N. laevis extract on the serum level of TNF -α in diabetic and non-diabetic rats. Values represent mean ± 

SEM (n = 3). *P < 0.05 compared with non-diabetic control;  **P < 0.05 compared with STZ-diabetic group. 
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Fig. 5. Effect of N. laevis extract on the serum level of IL- 1β in diabetic and non-diabetic rats.  

Values represent mean ± SEM (n = 3). *P < 0.05 compared with non-diabetic control; **P < 0.05 compared with STZ-

diabetic control. 
 

 

A number of studies have also shown that NO produced 

by macrophage and /or endothelial cells can mediate β-

cell damage independent of local cytokine release. Thus, 

macrophage-generated NO, cytokine-induced NO and 

other radicals contribute to β-cell destruction. In this 

study, serum levels of NO, interleukin -1β (IL-1β), and  

tumor necrosis factor –alpha (TNF-α) were significantly 

increased in diabetic control rats. This is an indication of 

excess production of NO and cytokines in the diabetic 

rats. Treatment with NLet significantly reduced the levels 

of these parameters.  

 

CONCLUSION 

 

The results of this study suggest that ethanolic extract of 

the leaves of N. laevis possesses anti-inflammatory and 

antioxidant activities that could enhance amelioration of 

β-cell destruction and other oxidative stress-induced 

complications in diabetes mellitus.   
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ABSTRACT 

 
This study is an attempt to analyze the allelopathic effect of various organs of walnut on germination of wheat 
experimentally and in a quiet accidentally frame of 10 treatments and 4 replications for it. The treatments of the 
experiment included an aqueous extract of the root, leaf, and fruit's green skin (each of them in concentrations of 25, 50, 
and 100% percent) and distilled water (control). The Results showed that the strong allelopathic effect of the extract of 
various organs of walnut on germination of wheat seeds in such a way that the statistical comparison indicates the 
reduction of germination percentage of seeds in treating the aqueous extracts in comparison with control in the level of 
one percent. Moreover, the results indicated that the extract of the fruit's green skin has a stronger allelopathic effect 
comparable with the leaf and root.  
 
Keywords: Aqueous extract, allelopathy, germination, walnut's various organs. 
 
INTRODUCTION 
 
Regarding the widespread and indiscriminate use of 
chemical poisons, especially herbicides in the last decade 
taking use of allelopathic plants and also their remainders 
in the soil in order to control the plants and provide the 
suitable condition of growth has been considered (Inderjit 
and Keating, 1999). Broad and extensive researches have 
been done on this issue. The researches show significant 
reduction of the parameters which are relevant to 
germination of various numbers of wheat in reaction to 
the allelopathic activity of aqueous extract of some weeds 
(Kiarostami, 2004). In other experiments the extract of 
aerial organ and saffron chromium (Eghbali et al., 2008) 
and walnut leaf (Roohi et al., 2009) were tried on wheat 
plant and all of them indicated the reduction of 
germinating speed of wheat. In another research the 
allelopathic effects of wheat on weeds have been proved 
(Lehman and Blum, 1997; Alsaadawi et al., 1998). 
 
Walnut is an important tree with multi-purpose uses so 
that it can be used in gardening for the fruit, in the forest 
for its valuable wood and in pharmacy as an herb 
(Ebrahimi et al., 2009). This research was done in order 
to compare and analyze the allelopathic effect of various 
organs of the walnut tree in different concentrations on 
the germination characteristics of wheat.  
 
MATERIALS AND METHODS 

 
In order to study the allelopathic effect of the extract of 
various organs of walnut trees on germination of wheat, 
an experiment was conducted in a completely accidental 

plan with 10 treatments and 4 replications in the 
Laboratory of Department of Agriculture and Resources 
of I.A.U of Broujerd. The experimental treatments 
contained 25, 50, and 100% of the extract of organs like 
the root, leaf and the green skin of walnut fruit. The root 
organ was taken from a three year old tree and it was 
drained with the purpose of abstaining extract from the 
mentioned organs. The action of draining was done in the 
shadow and it continued until reaching to the stable 
weight. Out of each organ ten percent strong weight 
extract – a mass (50g with 500ml water) was prepared by 
putting it on the shaker machine for 24 hours. Four layers 
of cotton fabric have been used to separate the plant's 
tissues and solid organs from the extract (Ghorbani et al., 
2008). Then it was centrifuged with the speed of 2000rpm 
for 15 minutes. In the next step, by adding distilled water 
to these strong extracts, aqueous extracts with the 
concentrations of zero (control) 25, 50, and 100% were 
made. Thirty wheat seeds were placed in every Petri dish 
containing filter paper and for each treatment four 
replications were repeated.  According to the plan, 7ml 
from the prepared aqueous extract from every organ with 
various concentrations was added to the Petri dishes 
containing seeds. The Petri dishes were placed inside the 
garments and in temperature of 20 0C. The first count of 
germinated seeds was done 48 hours later. The seeds 
which were germinated for 2ml were considered as grown 
seeds.  
 
At the end of the experiment of germination rate, the 
percentage of germination, the length of the root, the 
shoot and fresh and dry weight of the seedling were 
measured. In this experiment, the total weight of the 
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seedling has been considered as the seedling weight. To 
measure the dry weight, 7 days after the beginning of the 
experiment, the samples were kept in the oven for 24 
hours at the temperature of 700C. The following 
parameters, previously reported by others, such as 
Jefferson and Pennacchio (2003). 

Rate of germination (RG) =  1  

Where, 
N is a daily increase in seedling number 
D is the number of days from seed placement 
 
The data analysis was done by a piece of software called 
SPSS 15. Moreover, the average of the data was 
compared by use of Duncan and with the probability level 
of 1%.   
 
RESULTS AND DISCUSSION 

 
The results indicate that the studied wheat seeds reacted 
differently toward the extract received from various levels 
of organs of walnut tree. Results depicted that various 
organs of walnut tree by having an allelopathic effect on 
the total number of germinated seeds reduced the 
germinated seeds in each day. The percentage and the rate 
of germination decreased significantly by increasing the 
concentration of extracts when compared with control. 
Previous studies also revealed that allelopathic materials 
of the walnut leaf reduced wheat germination (Rohi et al., 
2009). Scott and Sullivan (2007) in their experiment 
proved that Juglone and the extract of walnut leaf have a 
deterrent effect on photosynthesis, respiration, growth 
speed of the root and the stem in corn and soya plants 
which are cultivated in hydroponic environments (Jose 
and Gillespie, 1998). The results indicated that the extract 
of walnut's organs prevents germination moreover it 
prevents the stem's growth so that in the concentration of 
100 percent, a reduction of 73/64 to 97/04 was observed.  
 
Percentage and Rate of Germination 
The results indicated that the percentage of the 
germination of wheat seed significantly reduces under the 
influence of the extract of walnut's organs. 100% 
concentration of root's extract reduced the percentage of 
germination of 26/7% and the 100% concentration of the 
fruit reduced the germination to 84/17% compared with 
Control. Among the used treatments, the least reduction 
of germination after Control treatment belongs to 25-
percent- treatment of root extract (Fig. 1). 
 
The results show that different concentrations of the 
extracts of walnut tree's organs have a significant effect 
on germination rate of wheat seed (Fig. 2). The achieved 
results from comparing the means of germination rates of 
wheat seeds indicate that by increasing the concentration 
of the extract, germination rate decreases, this amount 

was respectively, for concentrations of 25, 50 and 100 
percent for the root of 13/5, 16/2 and 27/83, for the leaf of 
4/1, 9/65 and 25/4 and for the extract of fruit's green skin 
1/35, 7/05 and 23/55. The increasing of growth rate in low 
concentrations decreased remarkably because of the delay 
in germination and its notable reduction in high 
concentrations was because of not germinating (Fig. 2). 
 
Length of Shoot and Root: Results show the length of 
the shoot and root, notably decrease under the influence 
of the extract of walnut tree's organs. Results gained from 
comparing the means indicate that the tallest length of the 
root (5/896cm) is related to control treatment and the 
shortest length of the shoot is related to 100-percent-
treatment of the extract of walnut fruit's green skin (/04 
cm) (Fig. 3). 
 
The results achieved by comparing the means show the 
longest length of the stem (4/535 cm) belongs to control 
treatment and the shortest one belongs to 100% treatment 
of fruit's green skin (039 cm) (Fig. 4). 
 
Seedling's Fresh and Dry Weights: The extracts of 
various organs in 25% concentration had the least 
influence on seedling's weight, this amount is respective 
for the concentration of 25% of root, leaf and fruit's green 
skin 34/14, 36/61 and 44/87% (Fig. 5). 
 
Moreover, seedling's dry weight remarkably reduced 
under the influence of different extracts of walnut's organs 
(Fig. 6). This amount for concentrations of 100% of root, 
leaf and the fruit's green leaf is 73/34, 93/75 and 97/09%, 
respectively. The smallest percentage of reduction of 
seedling's dry weight belongs to the treatment of 25% of 
the root 22/67% (Fig. 6).  
 
The result of this research indicates the allelopathic 
effects not only lead to the reduction of germination rate 
but they also cause delay in germination, decrease of the 
length of the root and stem and reduction of seedling's 
weight. Delay in germination can have a negative effect in 
comparison with other plants which in turn can exacerbate 
the allelopathic effects and plant's being weaker. A plant 
which owns weaker roots will fail in terms of 
environmental stresses such as low soil moisture or 
nutritional stresses with other plants. Moreover, 
allelopathic compounds can be effective on hairy roots 
and other roots of the plant and this phenomenon is a 
reason of reduction of water uptake in the plant (Chon et 
al., 2005). 
 
Walnut leaks juglone to its environment during its 
lifelong time (Scott and Sullivan, 2007). Juglone has been 
isolated from many plants in the walnut family 
(Juglandaceae) including Juglans nigra, Juglans regia 
and others (Prataviera et al., 1983). Juglone is phytotoxic,  
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Fig. 1. The percentage of germination of wheat in various concentrations of walnut’s organs.

 
Fig. 2. The rate of germination of wheat in various concentrations of walnut’s organs.

 
Fig. 3. The average of the fresh weight of wheat in various concentrations of walnut’s organs.
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Fig. 4. The percentage of the length of the stem of wheat in various concentrations of walnut’s organs.

 
Fig. 5. The average of the fresh weight of wheat in various concentrations of walnut’s organs.

 

Fig. 6. The average of dry weight of wheat in various concentrations of walnut’s organs.
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but the mechanisms of growth inhibition have not been 
fully explained (Hejl and Koster, 2004). Juglone (5-
hydroxy-1,4-napthoquinone) is a chemical compound in 
walnut's allelophathy (Terzi and Kocacaliskan, 2009). 
Juglone exists in the leaves, stem, tree's skin, fruit's skin 
and roots which are oxidized to 5-hydroxy-1,4-
napthoquinone when exposed to soil or air (Rietveld, 
1983). So far, the effect of juglone has been studied in a 
lot of studies. In an experiment, it is mentioned that 
juglone and the extract of walnut leaf leads to quality and 
quantity yield reduction of strawberries.    
 
The results gained by this study show that wheat plant 
reacts differently toward the extracts of various organs of 
the walnut and these reactions increases by increasing the 
percentage of the used extract and this is because of the 
difference in the amount of Juglone in various organs 
during the growth season. With more researches on this 
issue, it is possible that by using juglone in preparing 
poisons and herbicides to take use of this compound as a 
suitable substitute for pest control, diseases and weeds. 
Also, by studying the various organs of wheat and 
analyzing their sensitivity degree to this compound we 
can begin to produce resistant varieties to it. More 
information on this issue is in need of more researches. 
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ABSTRACT 

 
To examine the effect of hyperglycemia on production of glucose by-products, we determined the concentration of 
glyoxal, methylglyoxal along with glucose, insulin and glycated haemoglobin (HbA1c). Using radioimmunoassay, 
chromatographic and spectophotometric techniques, the interactions of these compounds have been used to elucidate a 
possible cause of clinical significance in the diabetic state. Our study has shown that the selected analytes interacts in 
uncommon ways to exercerbate glycemic stress. We observed a positive linear relationship between glucose 
concentration and glycated haemoglobin and identified glucose excess as being a responsible factor controlling the 
creation of glucose by-products. Concomitant with the knowledge of the fact that both compounds are detoxified by the 
activity of their respective glyoxylase, we observed glyoxal concentration 3-4 folds higher than methylglyoxal in patients 
investigated. Further analysis of data with a scatter plot of subjects according to their blood glucose and HbA1c, glyoxal 
and methyloxal shows a positive linear correlation and the linear regression had a coefficient of r=0.820    significant at 
P > 0.05. The biochemical evidence suggests that production of carbonyls increases glucose toxicity and imposes the 
need to provide substances that will inhibit their formation. This is expected to enhance diabetes mellitus management. 
 
Keywords: Reactive Glucose, dicarbonyls, glycated haemoglobin, hyperglycemic. 
 
INTRODUCTION 
 
Diabetes mellitus is a heterogeneous metabolic disorder 
characterized by chronic hyperglycemia due to dynamic 
interactions between varying defects of insulin secretion 
and action. The role of glucose in the pathogenesis of 
diabetic complications has attracted scientific scrutiny 
raising questions as to whether glucose is a reactant or an 
inert molecule in the pathogenesis of diabetic 
complications. 
 
The study of glucose by-products notably glyoxal, 
methyglyloxal, dimethylglyoxal and 3-deoxyglucosone 
has attracted tremendous attention in recent years on 
account of their clinical significance in chronic and age 
related diseases as shown by Thornally et al. (1999). 
Oxidative stress is now known to be a feature of these 
diseases notably diabetes mellitus in which intracellular 
hyperglycemia in insulin dependent cells, such as nerves, 
kidney, lens and erythrocytes modulates the genesis of 
microvascular complications due to the production of 
advanced glycation end products (AGEs) (Dalle-Donnea 
et al. (2003) and Brownlee (2005). Further examination of 
periodicals by Maritin et al. (2003) and Brownlee (2001) 
has shown that these processes occur via non-enzymatic 
glycosylation of both intracellular and extracellular matrix 
proteins like collagens and extraceullular matrix proteins 
which inhibits nitric oxide production. The result of these 

stress induced metabolic activities is the modification of 
lipids, proteins and carbohydrates which are expressed in 
the generation of reactive carbonyls compounds such as 
glyoxal, methylglyoxal, dimethylglyoxal and 3-
deoxyglucosone. 
 
Previous scientific studies have shown that reactive 
carbonyl compounds are glycolytic mediators of reactive 
carbonyl stress which have been implicated in diabetes 
(Saka, 2011). It has earlier been shown that the Milliard 
reaction (Advanced glycated end product) exacerbate 
protein glycation, raises synthesis of reactive oxygen 
species (ROS) and metal ions which have been involved 
as participants in complications of diabetes. Oxygen is 
now known to be a fixative of irreversible damage via this 
advanced glycated end product reaction. 
 
Our understanding of recent studies have elucidated the 
fact that advanced glycated end products of the Milliard 
reaction can be inhibited as reflected in Brownlee et al. 
(1986) and Payrox and Sternberg (2006). The vitamin B6 
pyridoxamine is considered an Amadorin or post Amadori 
inhibitor, which is known to trap products from Amadori 
compound fructoselysine, the first stable glucose aduct 
protein. The other significant roles played by pyridoxine 
includes blocking oxidation, trapping reactive carbonyl 
and dicarbonyl compounds, chelation of metal ion catalyst 
and scavenging of reactive oxygen species as shown by 
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Khalifa et al. (1999), Reddy and Beyaz (2006) and 
Jomova et al. (2010). Some authors have shown other 
carbonyl trapping agents with reactive nucleophilic 
functional groups invitro as expressed in rodent models of 
diabetes. These compounds include 2,3-
diaminophenazone, penicillamine and several derivatives 
of aminoguanidine. 
 
In this work we have studied some of the metabolites 
which are very important in diabetic complications. 
 
MATERIALS AND METHODS 
 
At the Federal Medical Centre, Yenagoa, Bayelsa State, 
Nigeria, blood and urine samples were collected from 
hyperglycemic patients (n=80) with Fasting blood glucose 
value >20.0mmol/l and urine glucosuria. Control  subjects 
(n=60) with Fasting blood glucose level ranging between 
3.5-6.7 mmol/l without glucosuria were included. 
 
Analytical Methods 
The Fasting Blood Glucose was determined by the 
glucose oxidase method using Randox Kits and values 
measured with spectrophotometer set at 540nm 
wavelength. Urine samples were evaluated for the 
presence of glucose with the aid of N-multistix 
manufactured by Macherry-Nagel (Germany). Glycated 
Haemoglobin was determined by ion-exchange high 
performance liquid chromatography, HPLC-Esi/ms 
approach with UV detection. Radioimmunoassay was 
used for the determination of insulin with the aid of Cx 9 
Automated Machine (Beckman) with Beckman assay kits. 
 

Glyoxal and methylglyoxal were measured by the 
analytical method developed by Merc making use of 
stillbenediamine (SD) as derivating reagent at a  
separation time of 5 minutes and SDS as micellular 
medium at pH 8 and sodium tetraborate (0.1m) as buffer. 
 
RESULTS AND DISCUSSION 
 
Assay of the biochemical parameters determined are 
shown in tables 1 and 2. The results of the study gave 
consistent proof of the fact that the degree of 
hyperglycemia positively strongly correlates with the 
concentration of HbA1c, glucose, glyoxal and 
methylglyoxal and a negative correlation with insulin 
level. We have shown in figure 1 graphically the 
interrelationship of glycated haemoglobin in intact and 
lysed cells. Figures 2, 3 and 4 are scatter plots of some 
parameters determined. 
 
Evidence of the fact that the development of 
complications in diabetics is strongly connected with the 
invivo surrounding factors such as genetics and excess 
production of oxygen free radicals have been proven. The 
determination of concentration of Fasting blood glucose, 
glycated Haemoglobin, insulin and the carbonyl 
compounds were deployed in this study to further 
demonstrate the influence of these parameters in diabetes 
mellitus. It is known that diabetes is associated with 
chronic complications such as macrovascular 
(cerebrovascular and coronary artery disease) and 
microvascular (nephropathy, neuropathy and eye disease). 
This work confirms the fact that a greater percentage of 
diabetic patients have one form of complications or the 
other at the time of diagnosis. 

Table 1. Comparative values of measured profiles. 
 

Parameters Control (n=60) Hyperglycemic (n=80) P-value ( > 0.050) 
FBG (mmol/l)  4.8 + 1.2 25.49 + 0.48  
Insulin (iu/mol) 5.3 + 0.2 0.18 + 0.003  
HbA1c (mmol/mol) 42 + 5 150 + 6.7  
GO (ng/ml) 0.18 + 0.12 0.54 + 0.03  
MGO (ng/ml) 0.03 + 0.4 0.19 + 0.009  

Values are mean + SD 
 
Table 2. Determination of levels of glycated haemoglobin intact and disrupted cells. 
 

Intact cells Disrupted cells 
HbA1c (mmol/mol) Glucose  (mmol/l) HbA1c (mmol/mol) Glucose (mmol/l) 

35.0 5.0 48.0 4.7 
35.0 5.0 42.0 4.0 
35.0 5.0 53.0 8.0 
39.0 6.0 75.0 10.0 
40.0 7.0 85.0 15.0 
40.0 7.0 88.0 20.0 
42.0 8.0 92.0 25.0 
47.0 10.0 96.0 30.0 
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Earlier reports showing that strong electrophilic carbonyl 
compounds notably glyoxal, methylglyoxal and 3-
deaoxyglycosone produced in hyperglycemics are 
responsible for the observed glycemic stress in diabetes 
mellitus has been demonstrated by Odeti et al. (1999). 
Carbonyl groups result from protein oxidation and their 
level in tissues and plasma is a relatively stable marker of 
oxidative damage. Although the synthesis and eventual 
release of these compounds may be insidious, their 
sustained generation progressively causes glycation of 

protein which are known to contain both acidic and basic 
groups. A major consequence of glycation is the alteration 
of functional properties of proteins as elucidated by Giaco 
and Brownlee (2010). The elevated levels of glucose, 
glycated haemoglobin and the carbonyls, glyoxal and 
methylglyoxal observed in this study correlates with 
earlier findings suggesting that a major cause of lipid 
peroxidation is carbonyl stress. It is known that oxidative 
stress modulates lipids, protein and carbohydrate in ways 
that enhances the production of carbonyl compounds. 
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Fig 1. Graph of FBG against HbA1c (lysed and intact). 

 
Fig. 2. Scatter plot of FBG against HbA1c. 
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Other pathways through which carbonyl could be formed 
are available by mechanisms which modify proteins 
leading to development of activated glycated end product 
like pentosidine and carboxymethyllysine which are 
known to crosslink protein (Baynes,1991; Thornally, 
2004; Goh and Cooper, 2008). Recent periodicals of 
Riboulet-Charvey et al. (2006) and Pennathir et al. (2005) 
have elucidated the fact that methylglyoxal can cause 
inhibition of insulin stimulated phosphorylation of kinase, 
a factor known to have a negative effect in the insulin-

stimulated phosporylaton of protein kinase with direct 
inhibitory role of insulin in the induced phosphorylation 
of substrates. The hormone insulin is a major vehicle for 
intracellular control and overrides the normal cellular 
controls. The complex nature of carbonyls compounds 
which are formed as a result of complications of diabetes 
could further act to synergise the non-enzymatic reaction 
that precipitates glycated end products. This may lead to 
receptor binding of the peptide and further exacerbate 
hyperglycemic condition. This view seem to lend 

 
Fig. 3. Scatter plot of FBG against GO. 

 
Fig. 4. Scatter plot of FBG against MGO. 
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credence to earlier works of Zythen et al. (2008), 
Thornally (2008) and Whiting et al. (2008). 
 
To further buttress the influence of glycation, we 
measured the glycation of haemoglobin in lysate and 
intact red blood cells and confirmed higher values in the 
lysate. A correlation coefficient determined for this gave a 
value of y=0.292966x + 4.9311 R2=0.820 for the lysate 
and y=0.0391x + 4.721, R2=0.7211 for the intact cells.  
 
We observed a close relationship of the carbonyl 
concentration and the level of hyperglycemia which 
established the fact that they can be used as stable 
markers of oxidative damage. HbA1c, a marker of 
glycemic control was also related to the level of carbonyl. 
These results strongly suggest that impairment of 
glycemic control has link with oxidation. This is further 
buttressed by the fact that glycation cascade also releases 
free radicals becoming responsible for further oxidative 
attack which supports earlier studies of Pinaki et al. 
(2010), Tomic et al. (2013) and Konukoglu et al. (2002). 
The fact established here is that increased oxidative stress 
if any in the diabetic group is undoubtedly induced by 
hyperglycemia. 
 
CONCLUSION 
 
This work has identified some factors implicated in the 
production of toxic glucose by products and underscores 
the need for effective glycemic control which is required 
to prevent complications. The need to develop drug 
therapy which would act as inhibitors of signaling 
compounds for activated glycated end product formation 
may eventually prevent production of carbonyls and 
reduce the associated toxicity while providing glycemic 
stress reducing antioxidants. 
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ABSTRACT 

 

In the present study, the effects of Right Bank Outfall Drain (RBOD) on the fauna of the wetlands were studied and 

inventories of the fauna and the flora were prepared. During the study period from 2007 – 2012, water samples taken 

from three sampling sites from the study areas viz., RBOD at Gharo, near Haleji Lake and near Keenjhar  Lake  were 

analyzed for physico-chemical parameters, pesticides and heavy metals. The mean salinity value of all sampling sites 

was recorded.  RBOD at Gharo and RBOD near Keenjhar Lake showed high salinity value as per limit of World Health 

Organization standard. Water samples taken from RBOD near Keenjhar Lake showed pesticide OC compounds below 

the Maximum Acceptable Concentration (MAC). However, no serious adverse effects of environmental pollution were 

detected on the aquatic biodiversity except for some minor toxic effects due to the presence of heavy metals in water. 

Regarding biodiversity, two species of protozoans, 104 species of arthropods, 23 species of zooplanktons, 13 species of 

molluscs, 228 species of birds, 28 species of mammals, 31 species of reptiles, 2 species of amphibians and 59 species of 

fishes were recorded from the study areas. The biodiversity of RBOD is in decline mainly due to hunting, capturing, 

habitat destruction, cutting of trees, commercial fishing, anthropogenic activities and growing human population around 

the RBOD area.  

 

Keywords: Right bank outfall drain, biodiversity of Sindh, environmental effects, threatened species. 

 

INTRODUCTION 

 

The province of Sindh forms the lower Indus basin and 

lies between 23
0
 35

’
 and 28

0
 30

’
 northern latitude and 66

0
 

42’ and 71
0
 10’ east longitude (Khan et al., 2014). The 

different ecosystems of Sindh include wetlands, deserts, 

river, mangrove forests, agricultural and coastal areas. 

The River Indus act as a key source of water in Pakistan 

and majority of the population of Sindh depends on this 

River. There are many canals and barrages coming out of 

this River and giving lives to wetland birds all over the 

Sindh (Yahya, 2007). Sindh estuarine and coastal 

wetlands serve as nursery grounds for the lobsters, 

shrimps and fish. Each year during the migration season, 

over one million of water birds belonging to 108 species, 

visit Sindh wetlands (Khan, 2006). Thatta is an important 

district of Sindh Province due to its wetlands, Wildlife 

Protected Areas and Cultural Heritage Sites. Right Bank 

Outfall Drain at Gharo Creek, near Haleji Lake and near 

Keenjhar Lake all in Thatta district were selected for the 

present study (Figs. 1 and 2). In Sindh, after the Left Bank 

Outfall Drain project, the Right Bank Outfall Drain is the 

second biggest project. 

 

Right Bank Outfall Drain  

 

Presently, Pakistan is facing two big problems which are 

salinity and water logging and to resolve these issues 

many measures have been taken in Sindh. Right Bank 

Outfall Drain is a major measure which was carried out 

on the right bank of the Indus. Right Bank Outfall Drain 

is a long term project to drain out sewerage and water 

from towns and agricultural lands on the right bank of the 

River Indus. It carries effluents from the upper Sindh and 

adjacent areas of Balochistan and these are ultimately 

drained into the Arabian Sea. The RBOD is planned to 

take care of saline water and to dispose off directly into 

the Sea. But at present, since there is no outlet, the saline 

effluents flowing through main Nara Valley Drain are 

discharged as per force into Manchar Lake and Hammal 

Lake. This saline water contains agricultural waste like 

fertilizers, pesticides and domestic sewage, and these 

effluents have degraded and spoiled both the lakes. 

Currently, the Government has designed to outfall the 

poisonous effluent directly into the Sea through Gharo 

Creek.  

 

The disposal of saline effluents into river near Sehwan 

causing  risk for the peoples of Karachi, Hyderabad and 

small towns who draw their drinking water requirements 

direct from River Indus and Canal system of Keenjhar 

Lake. Presently, the effluent from the RBOD is disposed 

into Manchhar Lake. The principal features of the 

wetlands to be affected by the RBOD passing nearby, 

have been underlined below: 

 

*Corresponding author email:  tanveer_jabeen@live.com  



Canadian Journal of Pure and Applied Sciences 2872 

 
Fig. 1. Map showing study areas of RBOD. 

 
Fig. 2. Map of District Thatta showing the study areas. 
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1. Gharo Creek 

Gharo Creek is located at 67° 11’ E and 24° 47’ N. It is 

about 5.5km long, 500m wide with a minimum depth of 

7.5 meters and maximum depth of 17 meters. The total 

surface area of Gharo Creek is about 64,370ha (Fig. 3). It 

is placed towards the south east of Karachi. On the 

southern part of Gharo Creek are mangroves, as the 

western part is mostly reclaimed area for Port Qasim 

facility. The total length of Gharo Creek is about 30km  

and the total wastewater generation is about 30,000-

35,000 gallons/day, which is discharged into the Sea 

without any treatment. In addition the bank of the creek is 

also used as a solid waste dumping site. Several 

pathogens, nutrients and chemicals that come along with 

the waste matter of Gharo city are not only detrimental to 

aquatic life, but also result in reduced biodiversity 

(Ahmed, 1995). The area near the city is also used for 

agricultural purpose. The agriculture runoff contains large 

amount of pesticides that ultimately find their way to the 

creek (Khan et al., 2004). Gharo Creek is a mangrove 

area, which provides nutrient requirements for species of 

shrimp and fish, and provides protection from storms and 

also provides excellent opportunities for research and 

development work.  

 

2. Keenjhar Lake (Ramsar Site) 
Keenjhar Lake is located on 68° 03’ E, 24° 56’ N, about 

19 km North–East of Thatta town and 100 km away from 

 

Fig. 3.  View of RBOD at Gharo area. 

 

Fig. 4. RBOD area near Keenjhar Lake. 
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Karachi. The Lake has an area of 13,468ha and the largest 

sweet water reservoir in Sindh and supplies water to the 

villages around the lake, and to Karachi city, Keti Bunder 

and Thatta. The maximum depth of the lake is 8m, it is 

also a Wildlife Sanctuary. The lake is associated with 

adjacent brackish seepage lagoons and marshes which are 

in a stony desert and made up of alternating layers of 

sandstone and limestone (Khan et al., 2012b).  

 

RBOD near Keenjhar Lake 

The RBOD flows approximately 3.5 kilometers away 

from the southern tip of Keenjhar Lake.  After crossing 

Nai-Baran, the Drain is going through riverine area, 

keeping it on East of Keenjhar Lake between K.B. Feeder 

Link Canal and Indus River (Fig. 4). Keenjhar Lake is 

also a significant fish providing point.  

 

3. Haleji Lake (Ramsar Site) 

Haleji Lake (Wildlife Sanctuary) is located at 67°46’ E and 

24°47’ N about 21km from Thatta and 88 km from Karachi. 

The lake is spread upto an area of 1,704ha with the level of 

water about 1-1.5m and maximum depth is 5-6m. Haleji 

Lake is a perennial fresh water lake associated with 

marshes and adjacent brackish seepage lagoons, set in a 

stony desert of limestone and sandstone bedrock (Khan et 

al., 2012b). In the late thirties, it used to be a shallow 

depression, which was converted into a freshwater 

reservoir by draining of saline water, building of 

embankments around the lake and filling its tip by Jam 

Branch Canal carrying water from Keenjhar Lake, which 

has remained the principal source of water. Haleji is well 

known for its Pelican and Cormorant Islands. It is also a 

breeding area of Herons and Egrets and many other birds. 

Presently it is infested with aquatic weeds and major 

portion is covered with aquatic grass.  

RBOD near Haleji Lake 

Presently, the RBOD flows along the edge of Haleji Lake 

with a discharge of 330 cusecs and a depth of 13 to 15 ft of 

water just 3 to 4 ft below ground level (Fig. 5). The RBOD 

drain has a common ground and flows very close to Haleji 

Lake the distance between RBOD and Haleji Lake hardly 

50 to 100ft. The water level is 20-30 ft below the level of 

the lake area. Due to very short distance from RBOD, 

Haleji Lake may be affected by the seepage of its water to 

the drain. So as the ongoing construction work of RBOD 

may cause degradation in the area of Haleji Lake (Khan et 

al., 2012b).  

 

4. Hadero Lake 

Hadero Lake is located at 67° 52’ E and 24° 49’ N, about 

10km northwest of Thatta town and 85 km away from 

Karachi, and having an area of 1,321ha. The lake is not 

deeper than 1.7m. The Lake is situated between the Haleji 

and Keenjhar Lakes. The substratum is made up of 

alternating layers of sandstone and limestone with rocky 

and sandy western and northern shores, bounded by stony 

desert. The lake is fed by the SLM drain, which links up 

through the Jam branch canal, and by a number of 

seasonal streams entering on the north shore. Its main 

source of water is the runoff from the surrounding 

catchment, there is no outlet. Hadero Lake is important 

for Ducks, Coots, Pelicans, Flamingoes and birds of prey. 

However, it has drastically dropped due to pollution and 

hunting. The RBOD stretching from Sehwan to Gharo 

Creek in the Arabian Sea is passing nearby in this lake for 

a distance of 2.3 canal miles. Presently the supply of drain 

water to Hadero Lake has been out off and the drain water 

now into the RBOD channel passing nearby with the 

result that the water level in the Hadero has gone down 

and the fauna has been affected (Gabol et al., 2005).  The 

 

Fig. 5. RBOD area near Haleji Lake. 
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fishery is the main source of income of the residents who 

are living near the Lake.  

 

MATERIALS AND METHODS 

 

Study Areas 

The following 20 important areas were selected for the 

present study (Table 1).  

 
Table 1. Wildlife Habitats in RBOD study areas. 

 

S. No. Name of study area Co-ordinates 

1. RBOD at Gharo 24 44 26.6 N 

67 35 35.1 E 

24 44 25.8 N 

67 35 31.4 E 

24 44.438 N 

67 35.523 E 

24 44.419 N 

67 35.490 E 

24 44.461 N 

67 35.546 E 

2. RBOD near Haleji Lake 24 45 43.12 N 

67 44 48.87E 

3. Haleji Lake Turning Point 24 44 22.38 N 

67 44 40.65 E 

4. Main Haleji Lake 24 47 14.39 N 

67 45 24.93 E 

24 47.243 N 

67 45.421 E 

5. Near Haleji Information 

Centre 

24 47 12.2 N 

67 47 24.0 E 

6. Near Haleji Rest House 24 49. 161 N 

67 46. 171 E 

24 47. 446 N 

67 44. 940 E 

7. Haleji Seepage 

Lagoon/Villages 

24 49 19.3 N 

67 45 36.7 E 

8. Near Haleji Regulator 24 49 19.3 N 

67 47 58.0 E 

9. 10km from Makli towards 

Keenjhar Lake 

24 44.600 N 

67 47.728 E 

10. RBOD near Keenjhar Lake 24 53 25.50 N 

68 03 54.86 E 

11. Keenjhar Information Centre 24 53 45.74 N 

68 03 10.39 E 

24 53 46.20 N 

68 03 11.12 E 

12. Keenjhar Main Lake Area 24 54 990 N 

68 04 387 E 

24 58.378 N 

68 05.566 E 

24 54.657 N 

68 06.501 E 

25 06.628 N 

68 07.636 E 

13. Keenjhar Reservoir Area 24 54.40 N 

68 04.21 E 

14. Chiliya 24 50 190 N 

68 00 081 E 

S. No. Name of study area Co-ordinates 

15. Jhimpir 25 02.163 N 

68 05.740 E 

16. Moldi 24 58.06 N 

68 01.38 E 

17. Chakro 24 01 69.6 N 

68 02 06.0 E 

18. Sonehri 25 01.067 N 

68 07.877 E 

19. Adam Bhambhro 24 51.102 N 

67 59.761 E 

20. K.B. Feeder Canal 25 02 21.7 N 

68 07 55.2 E 

 

Methodology of Physico-Chemical Samples Collection and 

Analysis 

During the study from 2007-2012, conductivity meter was 

used for the estimation of Conductivity, Total Dissolved 

Solids, Turbidity, Salinity, and pH was recorded by pH 

meter. Alkalinity, Carbon dioxide and Phosphates were 

examined by the process of Acid Base Titration 

(Titrimetric methods), Total Hardness, Calcium, 

Magnesium and Chloride were analyzed by using EDTA 

(Complexometric Titration), Basic Oxygen Demand was 

examined by Incubation Method-Redox Titration, while 

Sulphate was analyzed by Gravimetric method, Nitrate 

was analyzed by Brucine Colorimetric Method and 

Cadmium, Chromium, Lead and Nickle were analyzed by 

atomic absorption spectro-photometric method (WHO, 

1982, 1993).  
 

Methodology for Vertebrates 
 

Mammals 

The mammals were identified by Roberts (1997, 2005a, 

b). 
 

Roadside Counts 

In this method motor vehicles have been used along the 

road trails while the sighted number of individuals of the 

species being estimated is tallied and related to the 

number of kilometers travelled (Brower et al., 1990). 

Roadside counts methods have some advantaged, such as: 

traveling on a vehicle does not disturb the animals and 

there is a chance to observe the animals along the road / 

track from a few meters distance. Other advantages of this 

method are large areas can be covered in passage of short 

time and easily using only two persons and a vehicle 

(Khan et al., 2012b, c). 

 

Tracks Counts  

Track counts have been used for locating and recording 

the presence of animals.  

 

Pellet Counts 

This technique involves removing all pellet groups from 

plots and then estimating from subsequent observations 

on those plots the number of groups per hectare to 

compare animal use of the area between sampling 

periods.  
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Small Mammals 

One effective way to survey small mammals is active 

searching. This method is equally applicable to both 

nocturnal and diurnal species in potential and suitable 

micro habitats along the canal banks, open plains, 

particularly in bushy areas and agriculture fields. Active 

searching is very effective for inventory of Gerbillus, 

Meriones, Hystrix, and Hemiechinus spp. 

 

A mixture of different food grains mixed with fragrant 

seeds may be used as bait for the attraction of the small 

mammals. Wheat and rice are used as food grain while 

peanut butter, coriander, oats and onion are used for 

fragrance. This bait is found to be highly successful in the 

study area probably due to the overall food shortage and 

fragrance.  

 

Traps and trapping procedure 

Sherman traps are used to collect the live specimens. Fifty 

traps are set in a specific area on a line approximately 500 

m long and approximately 10m apart. Each trap was 

marked by a colorful ribbon to locate the traps easily. The 

traps are set in the afternoon and checked early in the 

morning. The specimens are transferred into polythene 

bags and were identified in the field and released.  

 

To investigate nocturnal species, night surveys are 

conducted in exposed areas of potential habitats on the 

ground. This methodology involves the use of a powerful 

torch light, sticks, long boots and gloves etc. 

 
Birds 

For field identification of birds, field guides such as 

Grewal et al. (2002), Grimmett et al. (1998) and 

Kazmierczak (2000) was used. Secondary data on the 

overall status of the birds recorded from RBOD were 

taken from Grimmett et al. (1998) and Roberts (1992). 

Each major habitat type in the study area was identified 

and surveys were made to record the species of birds 

found in each discreet habitat such as lakes, canals, ponds, 

marshes, forest, agriculture fields, vicinity of human 

habitation and fallow lands. The number of birds 

observed in each habitat type was also recorded with 

particular emphasis on the key species and relate the data 

to other components of the study area such as vegetation, 

water and soil, etc. The most commonly used field 

methods in birds surveying is the “Line Transects” 

method. It is based on recording birds continually along a 

predefined route within a predefined survey unit. It can be 

used in terrestrial, freshwater and marine systems to 

survey individual species, or group of species. It is to 

examine birds - habitat relationships and to derive relative 

and absolute measures of bird abundance. 

 

Line Transects are suitable for extensive, open and 

uniform habitats and for large and conspicuous species. 

Double counting of birds becomes a minor issue as the 

observer is continually on the move. Line Transects are 

suited to situations where access is good and these are 

very useful for bird-habitat studies (Khan et al., 2010; 

Khan et al., 2012b,c). 

 

In the present studies, each sample area was 

transversed examined by 2 observers separately; birds 

were searched on each side of the strip for 150m so that 

each study strip was 300m wide. To evaluate the 

numbers of water birds utilizing a site, whether from a 

stationary point or by moving through the area, we used 

binoculars or a telescope. 

 

Reptiles and Amphibians 

Various survey techniques have been employed for the 

observation of reptiles and amphibians (Khan et al., 2010; 

Khan et al., 2012a,b,c). 

 

A. Direct Counting 

One-hour Plot Searching 

This consists of searching approximately 20ha (with a 250 

meter radius of sampling points) for one hour exactly and 

recording the number of individuals of each species seen. 

Similarly, night survey was done with the help of search 

lights and torches. 

 

Pitfall Traps 

Reptiles and amphibians were also detected using a line 

or pitfall traps. Each pitfall line consists of 30meters of 

low, flexible nylon fencing pinned to the ground to divert 

the movements of small ground dwelling animals, mainly 

reptiles with six 3-liter meter bucket buried in the ground 

with its lips at ground level along and below the fence, so 

that the fence straddled each bucket. The use of pitfall 

lines are restricted to sites where the ground surface is 

soft enough to dig or sandy areas. Pitfall lines are set for 

one night only. Team members reach early in the morning 

before sunrise and record the total number of reptiles of 

each species found in the bucket. 

 
Turning of Stones, Rocks and Rotten Trees Process 

Nocturnal reptiles and amphibians take shelter or rest 

hiding themselves under the space of stones or rocks. 

Therefore, in the day time survey, stones or rocks or 

rotten fallen trees are turned to locate and record the 

presence of species (Auffenburg and Rahman, 1991). 

 
Study of Basking Behavior 

This method of sighting or locating Crocodiles is the most 

suitable, but it is applied mostly in the winter season. In 

winter, the temperature of the water of the water bodies 

becomes very low. Crocodiles come outside the lake for 

enjoying sunshine to keep themselves warm. Thus, the 

counting of crocodiles becomes very easy at a particular 

area during this season.  
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B. Indirect Counting 

Presence of signs like fecal pellets, tracks, den or 

tunnels (egg laying excavation) 

Evidences from the impression of a finger or foot prints, 

or tail, the presence of fecal pellets, tracks and existence 

of tunnels (egg laying excavation) help a lot for finding 

the existence and range of reptilian fauna. 

 

Fish Collection Technique  

The methods used for obtaining the representative sample 

of fish fauna are the gill netting and cast netting. A 

standard length of a 200m covering maximum of 

representative habitats, was used to obtain a 

representative sample (Khan et al., 2012b,c). 

 

Gill Netting 

Three nets were used for gill netting, each measuring 15m 

length with mesh size 2.5x2.5cm and 1.5x1.5cm. Usually 

the gill nets were used in the morning. 

 

Cast Netting 

Cast nets with identified circumference were casted in a 

stretch of 200m. Five cast nets were used on a line at 

different stations along the bank of the reservoir. Fish 

fauna were collected and identified and released after 

identification. The data collected through the two methods 

was pooled and called as the representative sampling of 

the study site.   

 
Methodology for Surveys of Invertebrates 
 

Protozoans 

Sterilized screw capped glass bottles were used for the 

collection of samples from the selected study areas. 

Samples were quickly transferred and readily brought to 

the laboratory for analysis. The samples were kept at 

room temperature. 
 

The protozoans were identified through shape, body 

structure, external features, locomotion and behavior 

(Edmondson, 1966; APHA 1992; Curds, 1982; Curds et 

al., 1983). 
 

Survey of Terrestrial Macroinvertebrates  

Collection protocols, and standardizing procedures 

Specimens belonging to diverse groups of Invertebrates 

were collected from the various localities of the selected 

study areas using a variety of collection protocols and 

techniques.  

 

Sampling Methods for Flighted Terrestrial 

Macroinvertebrates 

Traditional insect hand net  

Insects were found upon the bushes, in grasses and on the 

bark of trees. With the help of traditional insect hand net 

the insects were collected.  

 

Light trap 

This method is used for nocturnal flying insects. The 

essential light trap comprised an electric bulb, a white 

sheet as a reflective surface and a funnel to collect insects; 

insects were collected close to the light source.  

 

Sticky traps 

This method is used for flying insects. Range of substrates 

(e.g. plates, dishes) coated in long-lasting glue. The 

efficacy of the traps was increased by the use of different 

colors, mostly depending on target species. Insects were 

removed from trap using solvents. 

 

Yellow pan traps 

This method is used for an extensive variety of insects. 

Simple method based on a yellow pan (mostly yellow 

color attracts insects) with vertical baffles the pan was 

then placed on the ground and added one or two drops of 

detergent to reduce water tension. Insects were attracted 

to container and just go down in the water. After the 

collecting period sieve the catch to remove the liquid and 

then transferred the contents to a long-term storage 

preservative such as ethanol. 

 

Sampling Methods for ground dwelling Macro-

invertebrates 

Hand picking and use of forceps 

Hand picking, through bare hands or with the help of long 

forceps, which has been adopted for the present studies, is 

by far the very productive method for capturing different 

groups of terrestrial invertebrates especially arachnids 

(spiders, solifugids) and myriopods etc. 

 

Pitfall traps 

This method is used for ground-dwelling invertebrates 

(e.g. ants, beetles, spiders). The ground-dwelling 

invertebrates were collected using pitfall traps. This is the 

most commonly employed sampling technique in 

biodiversity inventories. It is used for collecting 

invertebrates that move along the ground. 

  

Shaking and beating 

This method is used for leaf beetles, weevils and 

Lepidoptera larvae. This is the most widely used method 

for collecting invertebrates associated with plants. It was 

used to sample any part of the plant, including branches, 

leaves, flower heads and even dead wood. A sheet or 

beating tray is laid out under the plant which is then 

shaken and beaten and the dislodged invertebrates are 

collected quickly before they escaped. 

 

Sweep nets 

It is an inexpensive and usually used means of sampling 

invertebrates from vegetation. The net was swang a set 

number of times through ground vegetation (grass and 

shrubs), as pacing. To prevent invertebrates escaping the 
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mouth of the net was closed as soon as sweeping was 

completed. 

 

Sampling Methods for Aquatic invertebrate fauna 

For aquatic invertebrates, several sampling methods have 

been used which are as follows: 

 

Plankton net and drag nets/dip nets 

The target group is zooplankton and other aquatic 

invertebrates. The dip netting is the better way to discover 

macro-invertebrates like stoneflies, dragon flies, damsel 

flies, mayflies, water mites, water beetles, water striders, 

water boatman and water pennies, which are abundant in 

the water. 

 

Random sampling 

Zooplanktons are unequally distributed over wide space 

and time scales in the water bodies. As it was not possible 

to sample all of the zooplankton from the lakes and other 

reservoirs using a single collection method, random 

sampling was used as the probable procedure in which 

each and every species has the equal chance and 

probability to be caught during sampling. Every 

individual is chosen entirely by chance and the likelihood 

of a biased data collection is thus reduced. 

 

Precautions in field 

Sample labels were accurately completed, including 

sample ID, date, reservoir name, collecting location, 

sampler’s name and placed into the sample container. All 

nets, pans and trays were rinsed properly after sampling at 

a given site, picked and examined free of organisms or 

debris. Remaining organisms were placed in the sample 

containers. 

 

Preservation and storage of the specimens 

All invertebrate specimens, including the zooplankton 

were preserved by the addition of grades of 70% ethyl 

alcohol and formaldehyde. These fluids suffice to 

preserve the samples indefinitely and in addition have the 

effect of sending all the plankton to the bottom of the jar. 

All zooplankton are delicate and simply get damaged, 

Table 2. Water quality analysis of RBOD study areas during 2007- 2012. 

 

Parameters 
                  Average Pre-monsoon           Average Post-monsoon 

2007 2008 2009 2011 2012 2007 2008 2009 2011 2012 

Colour A A A A A A A A A A 

Odour O O O O O O O O O O 

Water Temperature 

(°C) 

28 29 30 29 30 17.66 17.33 17 18 19 

Air Temperature 

(°C) 

31.33 32.33 33.33 32.33 33 20.66 20.33 20 21.33 22.66 

Conductivity 

(μs/cm)  

1940.66 1792 1755.33 1024.66 1934 3428.33 3005.66 3146.33 3457.66 3159 

TDS (mg/l) 1086 1075.33 1009.33 995 1035 2057 2030.33 2010.33 1990.33 1990.33 

pH 7.786 7.782 7.77 7.77 7.115 7.803 7.801 7.79 7.785 7.799 

Turbidity (NTU) 1.58 1.61 1.21 0.82 1.03 2.95 2.71 2.54 2.09 1.38 

Alkalinity (mg/l) 202.33 197.66 196.33 195 201.33 117.66 114.66 113 117.66 116.66 

Total Hardness 

(mg/l)  

589 566 543.66 537.66 577 555.66 533.33 510.66 493.33 557.66 

Salinity (mg/l) 6.13 6.06 5.83 5.66 5.66 5.2 5.03 4.73 4.53 4.83 

BOD (mg/l) 4.65 4.58 4.06 3.99 3.44 5.40 5.33 5.22 5.16 4.07 

Carbon dioxide 

(mg/l) 

1.33 1.33 1.33 1.66 1.33 1.33 1.66 1.66 1.33 1.33 

Calcium (mg/l) 104.04 102.7 101.69 100.01 100.01 75.35 74.01 73.00 71.33 71.33 

Magnesium (mg/l) 541.45 504.03 500.40 494.76 501.42 525.99 519.26 513.94 508.69 486.33 

Sulphates (mg/l) 135.33 125 114.66 101 98.33 185.33 174 226.66 213 142.66 

Chloride (mg/l) 692.66 683 671 661.66 656.66 666 656 640.66 632.66 642.66 

Nitrates (mg/l) 0.210 0.205 0.202 0.198 0.170 0.192 0.189 0.185 0.179 0.150 

Phosphates (mg/l) 0.87 0.90 0.85 0.80 0.87 0.61 0.56 0.54 0.506 0.57 

Cadmium (mg/l) 0.007 0.006 0.005 0.003 0.002 0.009 0.007 0.008 0.006 0.010 

Chromium (mg/l) 0.044 0.041 0.043 0.041 0.022 0.054 0.052 0.053 0.052 0.054 

Lead (mg/l) 0.82 0.79 0.85 0.84 0.96 0.83 0.77 0.80 0.68 0.82 

Nickel (mg/l)  0.72 0.55 0.51 0.59 0.89 0.79 0.69 0.66 0.69 0.84 
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therefore sample handling was gentle. It is advisable not 

to concentrate the sample too much. Zooplanktons were 

sub-sampled by adding water to bring the samples to a 

known volume (500 or 1000ml). The concentrated 

samples were then stored in appropriate bottles and plastic 

screw tapped jars. The place of origin, date, mesh-size of 

the net, length and depth of the haul were written 

permanent ink on quality paper and placed in the jar as 

the  labels  outer  surface  usually peel off after some 

time. 

 

Counting and studying the zooplankton 

The volume of the zooplankton was determined by the 

displacement method. First, the total volume of the 

concentrated sample in addition the preserving fluid was 

measured. Then the plankton was filtered off, by a filter 

paper in a funnel, and the volume of the filtrate is 

measured. The volume of the plankton was then obtained 

by the difference between the two volumes. A measure of 

the total catch was also prepared by weighing the filtered 

plankton. One ml of the concentrated sample may include 

so many organisms that it would be not easy to count 

them. Diluted 1ml sample to 100ml and then from it 1 ml 

was in use. Identification and counting the samples was 

completed under a dissecting microscope with dark-field 

illumination. Staining was not essential, although a drop 

of glycerin was put on each individual specimen isolated 

from the jar in order to avoid any damage to the samples. 

 

RESULTS 

 

Physico-chemical Parameters of RBOD 

During 2007-2012, several standard physico-chemical 

parameters were analyzed to determine water quality, 

pollution, Temperature, Conductivity, Total Dissolved 

Solids, pH, Turbidity, Alkalinity, Total Hardness, 

Salinity, Basic Oxygen Demand, Carbondioxide, 

Calcium, Magnesium, Sulphate, Chloride, Nitrate, 

Phosphate, Cadmium, Chromium, Lead and Nickel were 

selected for the analysis of water quality. Parameters were 

analyzed seasonally. The water temperature in pre-

monsoon was observed from 27 to 32°C, while in post 

monsoon, it varied from 16 to 20°C (Table 2).  

 

Bioecological Studies 

There are 2 protozoans species (Table 3), 104 species of 

arthropods (Table 4), 23 species of zooplanktons (Table 5), 

13 species of molluscs (Table 6), 28 species of mammals 

(Table 7), 228 species of birds (Table 8), 31 species of 

reptiles (Table 9), 2 species of amphibians (Table 10), 59 

species of fishes (Table 11) were recorded. 

 

Species Status 

Mammals 

In the RBOD study area Palm Squirrel (Funambulus 

pennantii), Indian Desert Jird (Meriones hurrianae), Indian 

Gerbil (Tatera indica), Balochistan Gerbil (Gerbillus nanus), 

House Mouse (Mus musculus) and Roof Rat (Rattus rattus) 

were recorded as common species. While, Small Indian 

Civet (Viverricula indica) (Fig. 6), Desert Fox (Vulpes 

vulpes) (Fig. 7) were observed as rare species. The 

threatened species of mammals in the area include Fishing 

Cat (Prionailurus viverrina), and Smooth-coated Indian 

Otter (Lutrogale perspicillata). 

 

 

Fig. 6. Small Indian Civet (Viverricula indica). 

 

Fig. 7. Desert Fox (Vulpes vulpes). 

 

Birds 

Among birds, 262 species in all have been recorded. 

During the present study, 228 species of birds have been 

recorded (Table 8). The threatened bird species of the area 

are  Pallas's Fishing Eagle (Haliaeetus leucoryphus) (Fig. 

8), Ferruginous Duck (Aythya nyroca) (Fig. 9), Imperial 

Eagle (Aquila heliaca) (Fig. 10), Lesser White-fronted 

Goose (Anser erythropus) (Fig. 11), Egyptian Vulture 

(Neophron percnopterus) (Fig. 12), White-backed Vulture 

(Gyps bengalensis) (Fig. 13), Cotton Teal (Nettapus 

coromandelianus) (Fig. 14), White Stork (Ciconia 

ciconia) (Fig. 15), Marbled Teal (Marmaronetta 

angustirostris) (Fig. 16), White Ibis (Threskiornis 

melanocephala) (Fig. 17), Dalmatian Pelican (Pelecanus 

crispus) (Fig. 18), and Black-bellied Tern (Sterna 

acuticauda) (Fig. 19).  
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Fig. 8. Pallas's Fishing Eagle (Haliaeetus leucoryphus). 

 

Fig. 9. Ferruginous Duck (Aythya nyroca). 

 

Fig. 10. Imperial Eagle (Aquila heliaca). 

 

Fig. 11. Lesser White-fronted Goose (Anser erythropus). 

 

Fig. 12. Egyptian Vulture (Neophron perenopterus). 

 

13. White-backed Vulture (Gyps bengalensis). 



Khan et al. 2881 

 

Fig. 14. Cotton Teal (Nettapus coromandelianus). 

 

Fig. 15. White Stork (Ciconia ciconia). 

 

Fig. 16. Marbled Teal (Marmaronetta angustirostris). 

 

Fig. 17. White Ibis (Threskiornis melanocephala). 

 

Fig. 18. Dalmatian Pelican (Pelecanus crispus). 

 

Fig. 19. Black-bellied Tern (Sterna acuticauda).  
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Table 3. List of Protozoans recorded from RBOD study areas. 

 

S. No. Order Family Scientific Name 

1. Euglenoidina Euglenaceae Euglena sp. 

2. Volvocales Volvocaceae Volvox sp. 

 

Table 4. List of Arthropods recorded from RBOD study areas. 

  

S. No.  Order  Family Scientific Name 

1.  Hemiptera  Alcyrodidae  Aleurolobus barodensis 

2.  Hemiptera  Alcyrodidae  Neomaskellia sp. 

3.  Hemiptera  Pyrrhocoridae  Dysdercus cingulatus 

4.  Hemiptera  Pentatomidae  Bagrada picta 

5.  Hemiptera  Pentatomidae  Scotinophara limosa 

6.  Hemiptera  Alydidae  Leptocorisa acuta 

7.  Hemiptera  Aphididae  Microsiphum granarium  

8.  Hemiptera  Aphididae  Myzus persicae 

9.  Hemiptera  Diaspididae   Aspidiotus sp. 

10.  Hemiptera  Pseudococcidae  Pseudococcus saccharicola 

11.  Hemiptera  Pseudococcidae  Icerya sp. 

12.  Hemiptera  Pseudococcidae  Ripersia sacchari 

13.  Hemiptera  Diaspididae  Aspidiotus sp. 

14.  Hemiptera  Lophopidae  Pyrilla perpusilla 

15.  Hemiptera  Cicadellidae  Nephotettix sp. 

16.  Hemiptera  Jassidae  Idiocerus atkinsoni 

17.  Hemiptera  Lygaeidae  Cavelarius excavatus 

18.  Hemiptera  Cicadellidae  Nephotettix virescens 

19.  Hemiptera  Cicadellidae  Amrasca devastans 

20.  Hemiptera  Cicadellidae  Jacobiasca signata 

21.  Hemiptera  Cicadellidae  Jacobiasca sp. 

22.  Hemiptera  Delphacidae  Sogata distincta 

23.  Hemiptera  Delphacidae  Sogatella furcifera 

24.  Hemiptera  Delphacidae  Nilaparvata lugens 

25.  Hemiptera  Tingidae  Urintius sentis 

26.  Hemiptera  Nepidae  Nepa sp. 

27.  Hymenoptera  Apidae  Apis sp. 

28.  Hymenoptera  Tenthridinidae  Athalia proxima 

29.  Isoptera  Termitidae  Odontotermes assmuthi 

30.  Isoptera  Termitidae  Microtermes obesi 

31.  Thysanoptera  Thripidae  Thrips oryzae 

32.  Thysanoptera  Thripidae  Thrips tabaci 

33.  Thysanoptera  Thripidae  Scirtothrips dorsalis 

34.  Lepidoptera  Arctiidae  Amsacta lactinea 

35.  Lepidoptera  Noctuidae  Sesamia inferens 

36.  Lepidoptera  Noctuidae  Thysanoplusia orichalcea 

37.  Lepidoptera  Noctuidae  Mythimna loreyi 

38.  Lepidoptera  Noctuidae  Mythimna separata 

39.  Lepidoptera  Noctuidae  Spodoptera exigua 

40.  Lepidoptera  Noctuidae  Spodoptera litura 

41.  Lepidoptera  Noctuidae  Agrotis ipsilon 

42.  Lepidoptera  Noctuidae  Plusia sp. 

43.  Lepidoptera  Noctuidae  Agrotis spinifera 

44.  Lepidoptera  Noctuidae  Ochropleura berculea 

  continued… 
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Table 4 continue 

  

S. No.  Order  Family Scientific Name 

45.  Lepidoptera  Noctuidae  Autogropha nigrisigna 

46.  Lepidoptera  Pyranstidae  Leucinodes orbonalis 

47.  Lepidoptera  Plutellidae  Plutella xylostella 

48.  Lepidoptera  Papilionidae  Papilio demoleus 

49.  Lepidoptera  Pieridae   Pieris brassicae 

50.  Lepidoptera  Pieridae   Pieris rapae 

51.  Lepidoptera  Pyralidae  Bissetia steniella 

52.  Lepidoptera  Pyralidae  Chilo suppressalis 

53.  Lepidoptera  Pyralidae  Chilo infuscatellus 

54.  Lepidoptera  Pyralidae  Chilo partellus 

55.  Lepidoptera  Pyralidae  Emmalocera depressella 

56.  Lepidoptera  Pyralidae  Scirpophaga incertulas 

57.  Lepidoptera  Pyralidae  Scirpophaga nivella 

58.  Lepidoptera  Pyralidae  Scirpophaga innotata 

59.  Lepidoptera  Pyralidae  Scirpophaga sp. 

60.  Orthoptera  Acrididae  Oxya sp. 

61.  Orthoptera  Acrididae  Acridella nasuta 

62.  Orthoptera  Acrididae  Acrotylus insubricus 

63.  Orthoptera  Acrididae  Hieroglyphus sp. 

64.  Orthoptera  Acrididae  Chrotogonus sp. 

65.  Orthoptera  Acrididae  Chrotogonus concavus 

66.  Orthoptera  Gryllidae  Acheta domestica 

67.  Orthoptera  Gryllidae  Gryllotalpa sp. 

68.  Orthoptera  Mantidae  Mantis sp. 

69.  Coleoptera  Chrysomelidae  Dicladispa armigera 

70.  Coleoptera  Chrysomelidae  Raphidopalpa foveicollis 

71.  Coleoptera  Curculionidae  Myllocerus sp. 

72.  Coleoptera  Curculionidae  Cosmopolites sordidus 

73.  Coleoptera  Coccinellidae  Epilachna dodecastigma 

74.  Coleoptera  Hispidae  Hispa armigera 

75.  Coleoptera  Dynastidae  Oryctes rhinoceros 

76.  Odonata  Gomphidae  Gomphus sp. 

77.  Diptera  Anthomyiidae  Atherigona indica 

78.  Diptera  Muscidae  Musca domestica 

79.  Diptera  Culicidae  Aedes aegypti 

80.  Diptera  Culicidae  Culex fatigans 

81.  Diptera  Culicidae  Culex pipiense 

82.  Diptera  Culicidae  Culex tarsalis 

83.  Diptera  Culicidae  Culex quinquefasciatus 

84.  Diptera  Culicidae  Anopheles barbirostris 

85.  Diptera  Culicidae  Anopheles barianensis 

86.  Diptera  Culicidae  Anopheles claviger 

87.  Diptera  Culicidae  Anopheles gigas simlensis 

88.  Diptera  Culicidae  Anopheles nigerrimus 

89.  Diptera  Culicidae  Anopheles culicifacies 

90.  Diptera  Culicidae  Anopheles peditaeniatus 

91.  Diptera  Culicidae  Anopheles maculatus 

92.  Diptera  Culicidae  Anopheles moghulensis 

93.  Diptera  Culicidae  Anopheles pallidus 

 continued… 
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Table 5. List of Zooplankton recorded from RBOD study 

areas. 

 

S. No. Rotifera 

1.  Brachionus quadridentatus 

2.  Brachionus falcatus 

3.  Brachionus buda pestinensis 

4.  Brachionus rubens 

5.  Euchlanis sp. 

6.  Keratella tropica 

7.  Keratella volga 

8.  Lecane sp. 

9.  Mytilina sp. 

10. Platyias quadricornus 

 Cladocera 

11. Alona rectangula 

12. Bosmina longirostris 

13. Bosminopsis deitersi 

14. Ceriodaphnia reticulata 

15. Chydorus parvuus 

16. Chydorus ovalis 

17. Daphnia sp. 

18. Macrocthrix rosea 

19. Moina sp. 

S. No.  

20. Sida sp. 

21. Simocephalus vetulus 

 Copepoda 

22. Cyclopoid sp. 

23. Calonoid sp. 

  

Table 6. List of Molluscs recorded from RBOD study 

areas. 

  

S. No. Class Species 

1.  Gastropoda  Bellamya naticoides 

2.    Bellamya dissimilis 

3.    Bellamya bengalensis 

S. No. Class Species 

4.  Gastropoda  Thiara tuberculata 

5.    Gyraulus euphraticus 

6.    Lymnaea acuminata 

7.    Indoplanorbis exusta 

8.    Physa acuta 

9.  

Bivalvia 

  

 Lamellidense marginalis 

10.   Lamellidense corrianus 

11.   Parreysia caerula  

12.   Parreysia pachysoma 

13.   Parreysia wynegungaensis 

  
Reptiles 

In the present study, 31 species of reptiles were recorded 

(Table 9).  

 

Amphibians 

Among amphibians, Skittering Frog (Euphlyctis 

cyanophlyctis) and Indus Toad (Duttaphrynus stomaticus) 

are common (Table 10). 

 

Fishes 

There are 59 fish species were recorded. Catla catla, 

Aorichthys aor, Bagarius bagarius, Gudusia chapra, 

Wallago attu, Channa marulia, Xenentodon cancila, 

Labeo rohita, Heteropneustes fossilis, Cirrhinus mrigala, 

Notopterus notopterus, Hypophthalmichthys molitrix, 

Aristchthys nobilis and Ctenpharyngodon idella are some 

important fishes of the study area (Table 11). 

 

Flora 

As regards the flora, 262 species of plants were recorded. 

Typha angustata, Phragmites karka and Hydrilla 

verticillata were found common aquatic floral species in 

the area. Salvinia molesta and Eichhornia crasspes were 

recorded as exotic species, whereas Tamarix spp. was 

found abundant. 

Table 4 continue 

  

S. No. Order Family Scientific Name 

94.  Diptera  Culicidae  Anopheles pulcherrimus 

95.  Diptera  Culicidae  Anopheles willmori 

96.  Diptera  Culicidae  Anopheles sergenti 

97.  Diptera  Culicidae  Anopheles splendidus 

98.  Diptera  Culicidae  Anopheles stephensi 

99.  Diptera  Trypetidae  Bactocera cucurbitae 

100.  Diptera  Trypetidae  Bactocera zonata 

101.  Araneae  Thomisidae  Thomisus sp. 

102.  Araneae  Araneidae  Cyclosa sp. 

103.  Decapoda  Penaeidae  Penaeus merguiensis 

104.  Decapoda  Penaeidae  Penaeus japonicus 
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Table 7. List of Mammals recorded from RBOD study areas. 

  

S. 

No. 
Order Family Scientific Name Common Name Status 

Previously 

recorded 

Presently 

Recorded 

1. Rodentia Hystricidae Hystrix indica Indian Crested 

Porcupine 

LC + + 

2. Rodentia Sciuridae Funambulus 

pennantii 

Palm Squirrel C + + 

3. Rodentia Muridae Mus saxicola Grey Spiny 

Mouse 

LC + + 

4. Rodentia Muridae Rattus rattus Roof Rat / House 

Rat 

C + + 

5. Rodentia Muridae Mus musculus House Mouse C + + 

6. Rodentia Muridae Mus booduga Little Indian Field 

Mouse 

LC + + 

7. Rodentia Muridae Nesokia indica Short-tailed Mole 

Rat 

LC + + 

8. Rodentia Muridae Meriones 

hurrianae 

Indian Desert Jird  C + + 

9. Rodentia Muridae Tatera indica Indian Gerbil C + + 

10. Rodentia Muridae Gerbillus nanus Balochistan 

Gerbil 

C + + 

11. Insectivora Erinaceidae Paraechinus 

micropus 

Indian Hedgehog LC + + 

12. Insectivora Erinaceidae Hemiechinus 

collaris 

Long-eared 

Desert Hedgehog 

LC + + 

13. Insectivora Soricidae Suncus murinus House Shrew LC + + 

14. Chiroptera Vespertilionidae Pipistrellus kuhlii Kuhl's Bat S + + 

15. Chiroptera Megadermatidae Hipposideros 

fulvus 

Leaf-nosed Bat LC + + 

16. Chiroptera Rhinopomatidae Rhinopoma 

microphyllum 

Large Mouse-

tailed Bat 

LC + + 

17. Chiroptera Pteropidae Rousettus 

aegypticus 

Egyptian Bat LC -- + 

18. Lagomorpha Leporidae Lepus nigricollis Desert Hare / 

Indian Hare 

LC + + 

19. Artiodactyla Suidae Sus scrofa Indian Wild Boar LC + -- 

20. Pholidota Manidae Manis crassicaudata Indian Pangolin Rr + -- 

21. Carnivora Mustelidae Lutrogale 

perspicillata 

Smooth-coated 

Otter 

Rr + + 

22. Carnivora Canidae Vulpes vulpes Desert Fox/Red 

Fox 

Rr + + 

23. Carnivora Canidae Canis aureus Asiatic Jackal LC + + 

24. Carnivora Canidae Vulpes bengalensis Indian Fox S + + 

25. Carnivora Herpestidae Herpestes 

javanicus 

Small Mongoose LC + + 

26. Carnivora Herpestidae Herpestes edwardsi Grey Mongoose LC + + 

27. Carnivora Felidae Felis sylvestris Indian Desert Cat S + + 

28. Carnivora Felidae Felis chaus Jungle Cat S + + 

29. Carnivora Felidae Prionailurus 

viverrina 

Fishing Cat Rr + + 

30. Carnivora Viverridae Viverricula indica Small Indian 

Civet 

Rr + + 

 

Legends: C = Common; LC = Less Common; S = Scarce; Rr = Rare; + = Present; -- = Absent 
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Table 8. List of Birds recorded from RBOD study areas. 

  

S. 

No. 
Order Family Scientific Name Common Name Occurrence 

Status 

Previous Present 

1.  Podicipedifor

mes 

Podicipedidae Podiceps cristatus Great Crested 

Grebe 

WV + -- 

2.  Podicipedifor

mes 

Podicipedidae Tachybaptes 

ruficollis 

Little Grebe R + + 

3.  Pelecaniformes Phalacrocoracidae Phalacrocorax 

carbo 

Large 

Cormorant 

R + + 

4.  Pelecaniformes Phalacrocoracidae Phalacrocorax 

fuscicollis 

Indian Shag R + -- 

5.  Pelecaniformes Phalacrocoracidae Phalacrocorax 

niger 

Little Cormorant R + + 

6.  Pelecaniformes Phalacrocoracidae Anhinga 

melanogaster 

Darter O + -- 

7.  Pelecaniformes Pelecanidae Pelecanus crispus Dalmatian 

Pelican 

WV + + 

8.  Pelecaniformes Pelecanidae Pelecanus 

onocrotalus 

White Pelican WV + + 

9.  Ciconiformes Ardeidae Ardea cinerea Grey Heron R + + 

10.  Ciconiformes Ardeidae Ardea purpurea Purple Heron R + + 

11.  Ciconiformes Ardeidae Buturoides 

striatus 

Little Green 

Heron 

R -- + 

12.  Ciconiformes Ardeidae Ardeola grayii Indian Pond 

Heron 

R + + 

13.  Ciconiformes Ardeidae Egretta alba Large Egret R + + 

14.  Ciconiformes Ardeidae Bubulcus ibis Cattle Egret R + + 

15.  Ciconiformes Ardeidae Egretta 

intermedia 

Intermediate 

Egret 

R + + 

16.  Ciconiformes Ardeidae Egretta garzetta Little Egret R + + 

17.  Ciconiformes Ardeidae Egretta gularis Indian Reef 

Heron 

O + + 

18.  Ciconiformes Ardeidae Nycticorax 

nycticorax 

Night Heron R + + 

19.  Ciconiformes Ardeidae Ixobrychus 

cinnamomeus 

Chestnut Bittern SV + + 

20.  Ciconiformes Ardeidae Ixobrychus 

sinensis 

Yellow Bittern SV + + 

21.  Ciconiformes Ardeidae Dupetor 

flavicollis 

Black Bittern SV + + 

22.  Ciconiformes Ciconiidae Anastomus 

oscitans 

Openbill Stork O + -- 

23.  Ciconiformes Ciconiidae Ciconia ciconia White Stork O + -- 

24.  Ciconiformes Threskiornithidae Threskiornis 

melanocephala 

White Ibis R + + 

25.  Ciconiformes Threskiornithidae Plegadis 

falcinellus 

Glossy Ibis R + + 

26.  Ciconiformes Threskiornithidae Platalea 

leucorodia 

Spoonbill WV + + 

27.  Ciconiformes Phoenicopteridae Phoenicopterus 

roseus 

Greater 

Flamingo 

O + + 

28.  Anseriformes Anatidae Anser albifrons White-fronted 

Goose 

WV -- -- 

continued.. 
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 Table 8 continue… 

  

S. 

No. 
Order Family Scientific Name Common Name Occurrence 

Status 

Previous Present 

29.  Anseriformes Anatidae Dendrocygna 

javanica 

Lesser Whistling 

Teal 

SV + -- 

30.  Anseriformes Anatidae  Dendrocygna 

bicolor 

Large Whistling 

Teal 

O + -- 

31.  Anseriformes Anatidae Cygnus 

columbianus 

Bewick's Swan O -- -- 

32.  Anseriformes Anatidae Tadorna 

ferruginea 

Ruddy Shelduck WV + + 

33.  Anseriformes Anatidae Tadorna tadorna Common 

Shelduck 

O + + 

34.  Anseriformes Anatidae Anser erythropus LesserWhite-

fronted Goose 

WV + -- 

35.  Anseriformes Anatidae Marmaronetta 

angustirostris 

Marbled Teal WV + + 

36.  Anseriformes Anatidae Anas acuta Pintail WV + + 

37.  Anseriformes Anatidae Anas creca Common Teal WV + + 

38.  Anseriformes Anatidae Anas querquedula Garganey PM + + 

39.  Anseriformes Anatidae Anas 

poecilorhyncha 

Spotbill Duck R + -- 

40.  Anseriformes Anatidae Anas 

platyrhynchos 

Mallard WV + + 

41.  Anseriformes Anatidae Anas strepera Gadwall WV + + 

42.  Anseriformes Anatidae Anas penelope Wigeon WV + + 

43.  Anseriformes Anatidae Anas clypeata Shoveller WV + + 

44.  Anseriformes Anatidae Aythya ferina Common 

Pochard 

WV + + 

45.  Anseriformes Anatidae Aythya nyroca Ferruginous 

Duck 

WV + + 

46.  Anseriformes Anatidae Aythya marila Scaup Duck O + -- 

47.  Anseriformes Anatidae Aythya fuligula Tufted Duck WV + + 

48.  Anseriformes Anatidae Netta rufina Red-crested 

Pochard 

O + -- 

49.  Anseriformes Anatidae Nettapus 

coromandelianus 

Cotton Teal R + -- 

50.  Falconiformes Accipitridae Elanus caeruleus Black-winged 

Kite 

R + + 

51.  Falconiformes Accipitridae Milvus migruns Black Kite R + + 

52.  Falconiformes Accipitridae Haliastur indus Brahminy Kite O + + 

53.  Falconiformes Accipitridae Haliaeetus 

albicilla 

White-tailed Sea 

Eagle 

O + -- 

54.  Falconiformes Accipitridae Neophron 

percnopterus 

Egyptian 

Vulture 

R -- + 

55.  Falconiformes Accipitridae Haliaeetus 

leucoryphus 

Pallas's Fishing 

Eagle 

R + + 

56.   Falconiformes Accipitridae Gyps bengalensis White-backed 

Vulture 

R + -- 

57.   Falconiformes Accipitridae Gyps fulvus Griffon Vulture WV + + 

58.   Falconiformes Accipitridae Aegypius 

monachus 

Cinereous 

Vulture 

WV + + 

59.   Falconiformes Accipitridae Circaetus gallicus Short-toed Eagle O + + 

continued.. 
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S. 

No. 
Order Family Scientific Name Common Name Occurrence 

Status 

Previous Present 

60.  Falconiformes Accipitridae Circus aeruginosus Marsh Harrier WV + + 

61.  Falconiformes Accipitridae Circus macrourus Pallid Harrier WV + + 

62.  Falconiformes Accipitridae Accipitier badius Shikra R + + 

63.  Falconiformes Accipitridae Butastur teesa White-eyed 

Buzzard 

R + + 

64.  Falconiformes Accipitridae Buteo vulpinus Desert Buzzard WV + + 

65.  Falconiformes Accipitridae Buteo rufinus Long-legged 

Buzzard 

WV + + 

66.  Falconiformes Accipitridae Aquila clanga Greater Spotted 

Eagle 

WV + + 

67.  Falconiformes Accipitridae Aquila rapax Tawny Eagle R + + 

68.  Falconiformes Accipitridae Aquila heliaca Imperial Eagle WV + + 

69.  Falconiformes Accipitridae Aquila nipalensis Steppe Eagle WV + + 

70.  Falconiformes Accipitridae Hieraaetus 

pennatus 

Booted Eagle WV + -- 

71.  Falconiformes Accipitridae Hieraaetus 

fasciatus 

Bonelli's Eagle R + -- 

72.  Falconiformes  Pandionidae Pandion haliaetus Osprey WV + + 

73.  Falconiformes  Falconidae Falco tinnunculus Kestrel R + + 

74.  Falconiformes  Falconidae Falco chiquera Red-headed 

Merlin 

R + + 

75.  Falconiformes  Falconidae Falco 

columbarius 

Merlin WV -- + 

76.  Galliformes  Phasianidae Francolinus 

francolinus 

Black Partridge R + + 

77.  Galliformes  Phasianidae Francolinus 

pondicerianus 

Grey Partridge R + + 

78.  Galliformes  Phasianidae Conturnix 

coturnix 

Common Quail PM + + 

79.  Gruiformes  Rallidae Rallus aquaticus Water Rail WV + + 

80.  Gruiformes  Rallidae Porzana porzana Spotted Crake WV + + 

81.  Gruiformes  Rallidae Amaurornis 

phoenicurus 

White-breasted 

Water Hen 

R + + 

82.  Gruiformes  Rallidae Gallinula 

chloropus 

Indian Moorhen R + + 

83.  Gruiformes  Rallidae Porphyrio 

porphyrio 

Purple Moorhen R + + 

84.  Gruiformes  Rallidae Fulica atra Coot WV + + 

85.  Gruiformes  Rallidae Gallicrex cinerea Watercock WV + + 

86.  Gruiformes  Gruidae Grus grus Common Crane PM + -- 

87.  Gruiformes  Gruidae Anthropoides 

virgo 

Demoiselle 

Crane 

PM + -- 

88.  Charadriiformes  Jacanidae Hydrophasianus 

chirurgus 

Pheasant-tailed 

Jacana 

R + + 

89.  Charadriiformes  Jacanidae Metopidius 

indicus 

Bronze-winged 

Jacana 

O + -- 

90.  Charadriiformes  Haematopodidae Haematopus 

ostralegus 

Oystercatcher WV -- + 

continued.. 
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S. 

No. 
Order Family Scientific Name Common Name Occurrence 

Status 

Previous Present 

91.  Charadriiformes  Charadriidae Vanellus leucurus White-tailed 

Lapwing 

WV + + 

92.  Charadriiformes  Charadriidae Vanellus indicus Red-wattled 

Lapwing 

R + + 

93.  Charadriiformes  Charadriidae Vanellus vanellus Green Plover O + + 

94.  Charadriiformes  Charadriidae Vanellus 

malabaricus 

Yellow-wattled 

Lapwing 

SV + + 

95.  Charadriiformes  Charadriidae Pluvialis 

squatarola 

Black-bellied 

Plover 

WV + -- 

96.  Charadriiformes  Charadriidae Pluvialis 

dominica 

Eastern Golden 

Plover 

WV + -- 

97.  Charadriiformes  Charadriidae Charadrius 

dubius 

Little Ringed 

Plover 

WV + + 

98.  Charadriiformes  Charadriidae Charadrius 

alexandrines 

Kentish Plover WV + + 

99.  Charadriiformes  Recurvirostridae Himantopus 

himantopus 

Black-winged 

Stilt 

R + + 

100.  Charadriiformes  Recurvirostridae Recurvirostra 

avosetta 

Avocet O + + 

101.  Charadriiformes  Burhinidae Glareola 

pratincola 

Collared 

Pratincole 

SV + + 

102.  Charadriiformes  Burhinidae Glareola lacteal Small Indian 

Pratincole 

SV + + 

103.  Charadriiformes  Scolopacidae Numenius phaeopus Whimbrel PM + + 

104.  Charadriiformes  Scolopacidae Numenius arquata Curlew PM + + 

105.  Charadriiformes  Scolopacidae Limosa limosa Black-tailed 

Godwit 

WV + + 

106.  Charadriiformes  Scolopacidae Limosa lapponica Bartailed Godwit WV -- + 

107.  Charadriiformes  Scolopacidae Tringa erythropus Spotted Red 

Shank 

WV + + 

108.  Charadriiformes  Scolopacidae Tringa totanus  Common Red 

Shank 

WV + + 

109.  Charadriiformes  Scolopacidae Tringa stagnatilis Marsh 

Sandpiper 

WV + + 

110.  Charadriiformes  Scolopacidae Tringa nebularia Green Shank WV + + 

111.  Charadriiformes  Scolopacidae Tringa ochropus Green Sandpiper WV + + 

112.  Charadriiformes  Scolopacidae Tringa glareola Wood Sandpiper WV + + 

113.  Charadriiformes  Scolopacidae Tringa terek Terek Sandpiper WV + + 

114.  Charadriiformes  Scolopacidae Tringa 

hypoleucos 

Common 

Sandpiper 

WV + + 

115.  Charadriiformes  Scolopacidae Capella gallinago Common Snipe WV + + 

116.  Charadriiformes  Scolopacidae Calidris minutus Little Stint WV + + 

117.  Charadriiformes  Scolopacidae Calidris temminckii Temminck's Stint WV + + 

118.  Charadriiformes  Scolopacidae Calidris alpinus Dunlin WV + + 

119.  Charadriiformes  Scolopacidae Philomachus 

pugnax 

Ruff PM + + 

120.  Charadriiformes  Glareolidae Cursorius 

coromandelicus 

Indian Courser R -- + 

121.  Charadriiformes  Laridae Larus argentatus Herring Gull WV + + 

continued.. 
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S. 

No. 
Order Family Scientific Name Common Name Occurrence 

Status 

Previous Present 

122.  Charadriiformes  Laridae Larus fuscus LesserBlack-

backed Gull 

WV -- + 

123.  Charadriiformes  Laridae Larus ichthyaetus GreatBlack-

headed Gull 

WV + + 

124.  Charadriiformes  Laridae Larus 

brunnicephalus 

Brown-headed 

Gull 

WV + + 

125.  Charadriiformes  Laridae Larus ridibundus Black-headed 

Gull 

WV + + 

126.  Charadriiformes  Laridae Larus genei Slender-billed 

Gull 

WV + + 

127.  Charadriiformes  Laridae Larus canus Mew Gull O + -- 

128.  Charadriiformes  Sternidae Chlidonias 

hybrida 

Whiskered Tern R + + 

129.  Charadriiformes  Sternidae Chlidonias 

leucopterus 

White-winged 

Black Tern 

PM + + 

130.  Charadriiformes  Sternidae Gelochelidon 

nilotica 

Gull-billed Tern R + + 

131.  Charadriiformes  Sternidae Hydroprogne caspia Caspian Tern R + + 

132.  Charadriiformes  Sternidae Sterna aurantia River Tern WV + + 

133.  Charadriiformes  Sternidae Sterna hirundo Common Tern SV -- + 

134.  Charadriiformes  Sternidae Sterna repressa White Cheecked 

Tern 

SV -- + 

135.  Charadriiformes  Sternidae Sterna acuticauda Black-bellied 

Tern 

R + + 

136.  Charadriiformes  Sternidae Sterna albifrons Little Tern PM + + 

137.  Charadriiformes  Sternidae Sterna bergii Large Crested 

Tern 

O + -- 

138.  Charadriiformes  Sternidae Sterna   

sandvicensis 

Sandwich Tern M -- + 

139.  Charadriiformes  Rhynchopidae Rynchops 

albicollis 

Indian Skimmer PM + -- 

140.  Columbiformes  Pteroclididae Pterocles exustus Chestnut-bellied 

Sandgrouse 

O + + 

141.  Columbiformes  Pteroclididae Pterocles 

senegallus 

Spotted 

Sandgrouse 

WV -- + 

142.  Columbiformes  Pteroclididae Pterocles 

orientalis 

Black-bellied 

Sandgrouse 

WV -- + 

143.  Columbiformes  Pteroclididae Pterocles alehata Pintailed 

Sandgrouse 

R -- + 

144.  Columbiformes  Columbidae Treron 

phoenicoptera 

Yellow Footed 

Green Pigeon 

WV + + 

145.  Columbiformes  Columbidae Columba livia Blue Rock 

Pigeon 

R + + 

146.  Columbiformes  Columbidae Columba 

eversmanni 

Yellow-eyed or 

Eastern Rock 

Pigeon 

O + + 

147.  Columbiformes  Columbidae Treron bicincta Orange-breasted 

Green Pigeon 

O -- + 

148.  Columbiformes  Columbidae Streptopelia 

decaocto 

Ring Dove R + + 

149.  Columbiformes  Columbidae Streptopelia 

tranquebarica 

Red Turtle Dove SV + + 

continued.. 
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150.  Columbiformes  Columbidae Streptopelia 

senegalensis 

Little Brown 

Dove 

R + + 

151.  Psittaciformes  Psittacidae Psittacula 

krameri 

Rose Ringed 

Parakeet 

R + + 

152.  Cuculiformes  Cuculidae Clamator 

jacobinus 

Pied-crested 

Cuckoo 

SV + + 

153.  Cuculiformes  Cuculidae Eudynamys 

scolopacea 

Koel R + + 

154.  Cuculiformes  Cuculidae Centropus sinensis Greater Coucal R + + 

155.  Strigiformes  Tytonidae Tyto alba Indian Barn Owl R -- + 

156.  Strigiformes  Strigidae Otus brucei Striated Scops 

Owl 

WV -- + 

157.  Strigiformes  Strigidae Otus scops Eastern Scops 

Owl 

WV -- + 

158.  Strigiformes  Strigidae Otus bakkamoena Collared Scops 

Owl 

O + + 

159.  Strigiformes  Strigidae Bubo bubo Eagle Owl O + + 

160.  Strigiformes  Strigidae Athene brama Spotted Owlet R + + 

161.  Strigiformes  Strigidae Asio otus Long-eared Owl WV -- + 

162.  Strigiformes  Strigidae Asio flammeus Short-eared Owl WV -- + 

163.  Caprimulgiformes  Caprimulgidae Caprimulgus 

asiaticus 

Indian Little 

Nightjar 

R + + 

164.  Caprimulgiformes Caprimulgidae Caprimulgus 

europaeus 

European 

Nightjar 

SV + + 

165.  Caprimulgiformes Caprimulgidae Caprimulgus 

mahrattensis 

Syke's Nightjar R + + 

166.  Apodiformes Apodidae Apus affinis House Swift R + + 

167.  Coraciformes Alcedinidae Ceryle rudis Pied Kingfisher R + + 

168.  Coraciformes Alcedinidae Alcedo atthis Common 

Kingfisher 

R + + 

169.  Coraciformes Alcedinidae Halcyon 

smyrnensis 

White-breasted 

Kingfisher 

R + + 

170.  Coraciformes Meropidae Merops 

superciliosus 

Blue-cheeked 

Bee-eater 

SBV + + 

171.  Coraciformes Meropidae Merops orientalis Green Bee-eater R + + 

172.  Coraciformes Meropidae Merops apiaster European Bee-

eater 

R -- + 

173.  Coraciformes  Coraciidae Coracias garrulus European Roller R + -- 

174.  Coraciformes  Coraciidae Coracias 

bengalensis 

Indian Roller R + + 

175.  Coraciformes  Upupidae Upupa epops Hoopoe WV + + 

176.  Piciformes  Picidae Dinopium 

bengalensis 

Lesser Golden-backed 

Woodpecker 
R + + 

177.  Piciformes  Picidae Picoides 

mahrattensis 

Yellow-fronted 

Pied Woodpecker 

R + + 

178.  Piciformes  Picidae Jynx torquilla Wryneck PM + + 

179.  Passeriformes  Alaudidae Mirafra 

erythroptera 

Indian/Red-

winged Bush 

Lark 

O + + 

continued.. 
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180.  Passeriformes  Alaudidae Eremopterix 

grisea 

Ashy-crowned 

Finch Lark 

R + + 

181.  Passeriformes  Alaudidae Eremopterix 

nigriceps 

Black-crowned 

Finch Lark 

R + + 

182.  Passeriformes  Alaudidae Ammomanes 

deserti 

Desert Finch 

Lark 

R + + 

183.  Passeriformes  Alaudidae Calandrella 

rufescens 

Lesser Short-

toed Lark 

WV -- + 

184.  Passeriformes  Alaudidae Calandrella raytal Indus Sand Lark R -- + 

185.  Passeriformes  Alaudidae Galerida cristata Crested Lark R + + 

186.  Passeriformes  Alaudidae Alauda gulgula Oriental Sky 

Lark 

R + + 

187.  Passeriformes  Hirundinidae Riparia riparia Collared Sand 

Martin 

WV -- + 

188.  Passeriformes  Hirundinidae Riparia 

paludicola 

Grey-throated 

Sand Martin 

WV + + 

189.  Passeriformes  Hirundinidae Hirundo smithi Wire-tailed 

Swallow 

SV + + 

190.  Passeriformes  Hirundinidae Hirundo rustica Barn Swallow WV + + 

191.  Passeriformes  Hirundinidae Hirundo daurica Red-rumped 

Swallow 

WV + + 

192.  Passeriformes  Motacillidae Anthus 

novaeseelandiae 

Paddyfield Pipit R + + 

193.  Passeriformes  Motacillidae Anthus campestris Tawny Pipit WV + -- 

194.  Passeriformes  Motacillidae Anthus trivialis Tree Pipit PM + + 

195.  Passeriformes  Motacillidae Anthus spinoletta Water Pipit WV -- + 

196.  Passeriformes  Motacillidae Motacilla flava Yellow Wagtail PM + + 

197.  Passeriformes  Motacillidae Motacilla citreola Yellow-headed 

Wagtail 

WV + + 

198.  Passeriformes  Motacillidae Motacilla alba Pied Wagtail WV + + 

199.  Passeriformes  Motacillidae Motacilla 

maderaspatensis 

White-browed 

Pied Wagtail 

R + + 

200.  Passeriformes  Laniidae Lanius isabellinus Isabelline Shrike WV + + 

201.  Passeriformes  Laniidae Lanius excubitor Grey Shrike R/SBV + + 

202.  Passeriformes  Laniidae Lanius vittatus  Bay-backed 

Shrike 

R + + 

203.  Passeriformes  Laniidae Lanius schach Rufous-backed 

Shrike 

R + + 

204.  Passeriformes  Dicruridae Dicrurus 

adsimilis 

Black Drongo/ 

King Crow 

R + + 

205.  Passeriformes  Sturnidae Sturnus roseus Rosy Pastor PM + + 

206.  Passeriformes  Sturnidae Acridotheres 

ginginianus 

Bank Myna R + + 

207.  Passeriformes  Sturnidae Sturnus vulgaris Common 

Starling 

O + + 

208.  Passeriformes  Sturnidae Acridotheres 

tristis 

Indian Myna R + + 

209.  Passeriformes  Corvidae Dendrocitta 

vagabunda 

Tree Pie R + + 

continued.. 
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210.  Passeriformes Corvidae Corvus splendens House Crow R + + 

211.  Passeriformes Corvidae Corvus corax Common Raven R/WV + + 

212.  Passeriformes Campephagidae Tephrodornis 

pondicerianus 

Common Wood 

Shrike 

R + + 

213.  Passeriformes Campephagidae Pericrocotus 

cinnamomeus 

Wandering 

Minivet 

O + -- 

214.  Passeriformes Pyconotidae Pycnonotus 

leucogenys 

White-cheeked 

Bulbul 

R + + 

215.  Passeriformes Pyconotidae Pycnonotus cafer Red-vented 

Bulbul 

R + + 

216.  Passeriformes Timaliidae Turdoides 

caudatus 

Common 

Babbler 

R + + 

217.  Passeriformes Timaliidae Turdoides earlei Striated Babbler R + + 

218.  Passeriformes Timaliidae Turdoides striatus Jungle Babbler R + + 

219.  Passeriformes Nectariniidae Nectarinia asiatica Purple Sunbird R + + 

220.  Passeriformes Muscicapidae Muscicapa striata Spotted 

Flycatcher 

PM + + 

221.  Passeriformes Muscicapidae Ficedula parva Red-throated 

Flycatcher 

PM + + 

222.  Passeriformes Monarchidae Hypothymus 

azurea 

Black-naped 

Flycatcher 

WV + -- 

223.  Passeriformes Sylviidae Orthotomus 

sutorius 

Tailor Bird R + + 

224.  Passeriformes Sylviidae Acrocephalus 

agricola 

Paddy-field 

Warbler 

WV + + 

225.  Passeriformes Sylviidae Acrocephalus 

stentoreus 

Clamorous 

Great Reed 

Warbler 

WV + + 

226.  Passeriformes Sylviidae Cettia cetti Cetti's Warbler WV + + 

227.  Passeriformes Sylviidae Acrocephalus 

dumetorum 

Blyth's Reed 

Warbler 

PM + + 

228.  Passeriformes Sylviidae Prinia inornata Plain Prinia R + + 

229.  Passeriformes Sylviidae Prinia buchanani Rufous-fronted 

Long-tailed 

Warbler 

R + + 

230.  Passeriformes Sylviidae Prinia gracilis Streaked Wren 

Warbler 

R + + 

231.  Passeriformes Sylviidae Prinia flaviventris Yellow Bellied 

Long-tailed 

Warbler 

R + + 

232.  Passeriformes Sylviidae Prinia burnesii Long-tailed 

Grass Warbler 

R + + 

233.  Passeriformes Sylviidae Hippolais 

caligata 

Syke's Tree 

Warbler 

WV + + 

234.  Passeriformes  Sylviidae  Sylvia hortensis Orphean Warbler WV + + 

235.  Passeriformes  Sylviidae  Sylvia curruca LesserWhite-

throat 

WV + + 

236.  Passeriformes  Sylviidae  Sylvia communis CommonWhite-

throat 

PM + + 

continued.. 
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237.  Passeriformes  Sylviidae Sylvia nana Desert Warbler WV + + 

238.  Passeriformes  Sylviidae Phylloscopus 

collybita 

Brown Leaf 

Warbler 

WV + + 

239.  Passeriformes  Sylviidae Phylloscopus 

sindianus 

Sind Chiffchaff WV -- + 

240.  Passeriformes  Sylviidae Phylloscopus 

neglectus 

Plain Leaf 

Warbler 

WV + + 

241.  Passeriformes  Sylviidae Phylloscopus 

nitidus 

Bright Green 

Leaf Warbler 

WV + + 

242.  Passeriformes  Turdidae Erythropygia 

galacototes 

Rufous chat/ 

Rufous-tailed 

Scrub Robin 

PM + + 

243.  Passeriformes  Turdidae Luscinia svecicus Bluethroat WV + + 

244.  Passeriformes  Turdidae Phoenicurus 

ochruros 

Black Redstart WV + + 

245.  Passeriformes  Turdidae Saxicola caprata Pied Bush Chat R + + 

246.  Passeriformes  Turdidae Oenanthe deserti Desert Wheatear WV + + 

247.  Passeriformes  Turdidae Oenanthe picata Pied Chat WV + + 

248.  Passeriformes  Turdidae Oenanthe 

alboniger 

Hume's 

Wheatear 

R + + 

249.  Passeriformes  Turdidae Saxicoloides 

fulicata 

Indian Robin R + + 

250.  Passeriformes  Rhipiduridae Rhipidura aureola White-browed 

Fantail Flycatcher 

R + + 

251.  Passeriformes Passeridae Passer domesticus House Sparrow R + + 

252.  Passeriformes Passeridae Passer 

hispaniolensis 

Spanish Sparrow PM + + 

253.  Passeriformes Passeridae Passer 

pyrrhonotus 

Sindh Jungle 

Sparrow 

R + + 

254.  Passeriformes Passeridae Pectronia 

xanthocollis 

Yellow-throated 

Sparrow 

SV + + 

255.  Passeriformes Ploceidae Ploceus 

philippinus 

Baya R + + 

256.  Passeriformes Ploceidae Ploceus manyar Streaked 

Weaver 

SV + + 

257.  Passeriformes  Estrildidae Lonchura 

malabarica 

White-throated 

Munia/Indian 

Silver Bill 

R + + 

258.  Passeriformes  Fringillidae Fringilla 

montifringilla 

Brambling O + -- 

259.  Passeriformes  Fringillidae Bucanetes 

githaginea 

Trumpeter Finch R + -- 

260.  Passeriformes Emberizidae Emberiza 

buchanani 

Grey-necked 

Bunting 

PM + -- 

261.  Passeriformes Emberizidae Emberiza 

melanocephala 

Black-headed 

Bunting 

WV + + 

262.  Passeriformes Emberizidae Emberiza striolata Striped Bunting R + -- 
 

Legends: R = Resident; WV = Winter Visitor; SV = Summer Visitor; SBV = Summer Breeding Visitors; YRV = Year Round Visitors; O = Vagrant; 

PM = Passage Migrant; S = Scarce; + - Present; -- - Absent. 
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Table 9. List of Reptiles recorded from RBOD study areas. 
  

S. No. Order Family Scientific Name Common Name Status 

1. Squamata Elapidae Bungarus caeruleus Indian Krait LC 

2. Squamata Elapidae Naja naja Indian Cobra / Spectacled Cobra LC 

3. Squamata Colubridae Oligodon taeniolatus Streaked Kukri Snake LC 

4. Squamata Colubridae Platyceps rhodorachis Cliff Racer LC 

5. Squamata Colubridae Platyceps ventromaculatus Glossy-bellied Racer / Plain's Racer C 

6. Squamata Colubridae Psammophis condanarus Indian Sand Snake / Oriental Sand Snake LC 

7. Squamata Colubridae Psammophis leithii Ribbon Snake LC 

8. Squamata Colubridae Ptyas mucosus Dhaman / Rope Snake  C 

9. Squamata Colubridae Spalerosophis diadema Royal Snake LC 

10. Squamata Colubridae Xenochrophis piscator Checkered-keel Back LC 

11. Squamata Viperidae Echis carinatus Saw-scaled Viper LC 

12. Squamata Viperidae Daboia russelii Russel's Viper LC 

13. Squamata Boidae Eryx johnii Common Sand Boa LC 

14. Squamata Boidae Eryx conicus Sand Boa LC 

15. Squamata Lacertidae Acanthodactylus cantoris Indian Fringe-toed Lizard C 

16. Squamata Varanidae Varanus griseus Desert Monitor Lizard LC 

17. Squamata Varanidae Varanus bengalensis Indian Monitor Lizard LC 

18. Squamata Uromastycidae Saara hardwickii Indian Spiny-tailed Lizard LC 

19. Squamata Agamidae Trapelus megalonyx Afghan Ground Agama LC 

20. Squamata Agamidae Trapelus agilis Brilliant Agama / Agile Agama LC 

21. Squamata Agamidae Calotes versicolor Indian Garden Lizard/Common Tree Lizard C 

22. Squamata Eublepharidae Eublepharis macularius Fat-tailed Gecko / Pakistani Leopard Gecko LC 

23. Squamata Geckonidae Cyrtopodion kachhensis Warty Rock Gecko / Kutch Gecko LC 

24. Squamata Geckonidae Cyrtopodion scaber Keeled Rock Gecko LC 

25. Squamata Geckonidae Crossobamon orientalis Sindh Sand Gecko LC 

26. Squamata Geckonidae Hemidactylus flavivirdis Yellow-bellied House Gecko  LC 

27. Squamata Geckonidae Hemidactylus brookii Spotted Indian House Gecko/Brook's Gecko LC 

28. Squamata Geckonidae Hemidactylus leschenaultii Bark Gecko / Marbled Tree Gecko LC 

29. Chelonia Trionychidae Lissemys punctata Indian Flap-shell Turtle C 

30. Testudines Emydidae Geoclemys hamiltonii Spotted Pond Turtle C 

31. Crocodilia Crocodylidae Crocodylus palustris Marsh Crocodile   LC 

  
Legends: C= Common; LC= Less Common 

  
Table 10. List of Amphibians recorded from RBOD study areas. 

  

S. No. Order Family Scientific Name Common Name Status 

1. Anura Ranidae Euphlyctis cyanophlyctis Skittering Frog Common 

2. Anura Bufonidae Duttaphrynus stomaticus Indus Toad Common 

 

 Table 11. List of Fish fauna recorded from RBOD study areas. 

  

 S. No.   Order  Family  Scientific Name 

1.  Cypriniformes  Cyprinidae  Salmostoma bacaila 

2.  Cypriniformes  Cyprinidae  Securicula gora 

3.  Cypriniformes  Cyprinidae  Barilius vagra  

4.  Cypriniformes  Cyprinidae  Amblypharyngodon mola 

5.  Cypriniformes  Cyprinidae  Chela cachius 

6.  Cypriniformes  Cyprinidae  Aspidoparia morar 

7.  Cypriniformes  Cyprinidae  Esomus danricus 

8.  Cypriniformes  Cyprinidae  Barbodes sarana 

9.  Cypriniformes  Cyprinidae  Rasbora daniconius 

10.  Cypriniformes  Cyprinidae  Catla catla 

11.  Cypriniformes  Cyprinidae  Cirrhinus reba 
 

continued.. 
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DISCUSSION 

 

The water samples of the year 2010 were uncollectable 

due to flooding in the area as water become diluted. The 

present study reveals that RBOD is continuously 

receiving the discharges containing polluted water 

through three sources viz., municipal wastewater, 

industrial wastewater and agricultural runoff. The 

continuous accumulation causes a potential threat to 

aquatic life. The poisonous metals such as Mercury, Lead, 

Zinc, Copper, Cadmium and Chromium etc. in the 

industrial wastes and storm water drainage in the urban 

areas prove fatal for most living organisms. These toxic 

materials through water currents in the under surface 

Table 11 continue… 

  

 S. No.   Order  Family  Scientific Name 

12.  Cypriniformes  Cyprinidae  Cirrhinus mrigala 

13.  Cypriniformes  Cyprinidae  Labeo dero 

14.  Cypriniformes  Cyprinidae  Labeo calbasu 

15.  Cypriniformes  Cyprinidae  Labeo fimbriatus 

16.  Cypriniformes  Cyprinidae  Labeo gonius 

17.  Cypriniformes  Cyprinidae  Labeo dyocheilus  

18.  Cypriniformes  Cyprinidae  Labeo rohita 

19.  Cypriniformes  Cyprinidae  Osteobrama cotio 

20.  Cypriniformes  Cyprinidae  Puntius ticto 

21.  Cypriniformes  Cyprinidae  Puntius chola 

22.  Cypriniformes  Cyprinidae  Puntius sophore 

23.  Cypriniformes  Cyprinidae  Ctenpharyngodon idella 

24.  Cypriniformes  Cyprinidae  Cyprinus carpio 

25.  Cypriniformes  Cyprinidae  Hypophthalmichthys molitrix 

26.  Cypriniformes  Cyprinidae  Aristchthys nobilis 

27.  Clupeiformes  Clupeidae  Gudusia chapra 

28.  Osteoglossiformes  Notopteridae  Notopterus notopterus 

29.  Osteoglossiformes  Notopteridae  Notopterus chitala 

30.  Siluriformes  Bagridae   Aorichthys aor 

31.  Siluriformes  Bagridae   Rita rita   

32.  Siluriformes  Bagridae   Mystus gulio 

33.  Siluriformes  Bagridae   Mystus vittatus 

34.  Siluriformes  Bagridae   Mystus bleekeri 

35.  Siluriformes  Bagridae   Mystus cavasius 

36.  Siluriformes  Sisoridae  Bagarius bagarius 

37.  Siluriformes  Sisoridae  Gagata cenia 

38.  Siluriformes  Sisoridae  Nangra nangra 

39.  Siluriformes  Siluridae  Ompok bimaculatus 

40.  Siluriformes  Siluridae  Wallago attu 

41.  Siluriformes  Heteropneustidae  Heteropneustes fossilis 

42.  Siluriformes  Schilbeidae  Ailia coila 

43.  Siluriformes  Schilbeidae  Clupisoma garua 

44.  Siluriformes  Schilbeidae  Clupisoma naziri 

45.  Siluriformes  Schilbeidae  Eutropiichthys vacha 

46.  Beloniformes  Belonidae  Xenentodon cancila 

47.  Channiformes  Channidae  Channa marulia 

48.  Channiformes  Channidae  Channa punctata 

49.  Channiformes  Channidae  Channa striata 

50.  Perciformes  Chandidae  Chanda nama 

51.  Perciformes  Chandidae  Parambassis baculis 

52.  Perciformes  Chandidae  Parambassis ranga 

53.  Perciformes  Badidae  Badis badis 

54.  Perciformes  Mugilidae  Sicamugil cascasia 

55.  Perciformes  Gobidae  Glossogobium giuris 

56.  Perciformes  Belontidae  Colisa fasciata 

57.  Perciformes  Belontidae  Colisa lalia 

58.  Perciformes  Cichlidae  Oreochromis mossambicus 

59.  Synbranchiformes  Mastcembelidae  Mastacembelus armatus 
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water have reached and have polluted most freshwater 

resources (Abbas, 2011).  

 

In the present work, water samples taken from the RBOD 

near Keenjhar Lake showed pesticide OC compounds 

below the Maximum Acceptable Concentration (MAC). 

The data show 0.001mg/l DDT of OC groups analyzed 

presently in the ground water of RBOD near Keenjhar 

Lake. The concentration of these compounds and their 

continuous accumulation in the benthic deposit and their 

entry in food chain need to be addressed immediately. 

 

The environmental impacts of OC group DDT pesticide 

residues and their effect on human health is an important 

matter of concern. The effect of DDT on estrogen 

behavior in human suggested the implication of these 

compounds in breast cancer (Carvalhado et al., 1998). 

Pesticides that are soluble in both water and fats are 

generally taken up more quickly by animals and man as 

the traces of these pesticides with their metabolites and 

breakdown products are universally present in abiotic and 

biotic environment (Tiel, 1972). In addition, the 

proportion of pesticides that is absorbed by the gut 

depends on the movement of the gut and the rate of way 

of food stuff through it. 

 

In another study, pesticide residues of deltamethrin, 

aldrin, dieldrin, DDT and DDE in muscles, fat and liver 

of three Labeo species of fishes were found in Keenjhar 

and Haleji Lakes (Saqib et al., 2005). 

 

 

The increased use of pesticides in a franzy to increase 

production of crops is also complicating the problem. The 

increased usage of even the most persistent and toxic 

chemicals like DDT is also continued (Nasir et al., 1987). 

The quantity of OC compounds and their metabolites 

were found in a higher amount in Sindh lakes as reported 

by Siddiqui (1998). He also noted dieldrin and other OC 

compounds from muscles and fat bodies of waterbirds on 

different lakes of Sindh. Detection of pesticide residues 

deltamethrin, aldrin, dieldrin, DDT, cypermethrin, DDE 

and melathion of the water samples of Gharo Creek 

showed no considerable concentration of pesticides 

(Khan, 2004). 

 

The quantity of OC and OP compounds were estimated 

above the Maximum Acceptable Concentration in Haleji 

Lake and below the MAC in Keenjhar Lake as reported 

by Abbas (2011). During our study, no adverse effects of 

environmental pollution were found on the aquatic 

biodiversity except for some minor toxic effects due to 

the presence of heavy metals in water. All the physico-

chemical parameter values were observed as per limit of 

World Health Organization standard. The depletion of 

Dissolved Oxygen indicated organic pollution harmful for 

aquatic biodiversity (Khan et al., 2012). 

The salinity values near Gharo and near Keenjhar were 

observed high as per limit of World Health Organization 

standard, but having no adverse effect on aquatic 

biodiversity. Higher value of salinity presented during 

summer may be due to evaporation and comparatively 

low value was recorded during winter and rainy season. 

The rain water, however, causes dilution, aeration and 

additional biological activity as the BOD and COD 

pressure is decreased and solubility level of air in water is 

increased (Abbas, 2011). The desalination of the RBOD 

drainage water through treatment plants is not costly 

because of post-purification benefits for agriculture and 

adjacent affected wetlands.  

 

It is also marked from these studies that dissolved oxygen 

content, salinity and pH do not affect the growth of 

copepods. The population of copepods shows growth 

pattern which only corresponds with the variation of 

temperature.  

 

In January and December, beside the other factors, 

deficiency of nutrient salts due to accumulation is 

responsible for the decline of population of plankton 

(Welch, 1952). In summer temperature, increase in 

predation and downward migration are the factors 

responsible for the low population. The adults die out 

soon after breeding, and summer period is the peak of 

breeding. All these factors probably acting simultaneously 

are responsible for the extremely low population during 

May and June (Baqai and Rehana, 1973). During all the 

study period in pre-monsoon and post- monsoon the 

populations of copepods have a maximum.  

 

Environmental Problems in RBOD 

The RBOD is presently passing across the southern tip of 

Hadero Lake. For the present alignment there is a risk of 

pollution of Hadero Lake. The RBOD drain flows very 

close to Haleji Lake, the distance between RBOD and 

Haleji Lake is hardly 50 to 100ft. The water level is 20-

30ft below the level of the lake area. Since the water level 

in Haleji Lake would be higher, (average depth 17ft) than 

that of the Drain. There is a possibility of the lake water 

spilling over the embankment and flowing into the drain 

in wet years of excessive rainfall. Due to very short 

distance from RBOD, Haleji Lake may be affected by the 

seepage of its water to the drain. Necessary measures 

have to be adopted to ensure environmental sustainability, 

safety of Haleji Lake from saline water intrusion and 

safety of RBOD from spilling of lake waters into RBOD 

and consequent flooding.  

 

A very undesirable situation is prevailing for the last 

many years of discharging about 20 to 25 cusecs of 

untreated industrial wastewater from Kotri and Nooriabad 

Industrial Area into K.B Feeder, a channel which provides 

drinking water to Karachi. The logic in favour is the 

higher dilution rate and those 20 to 25 cusecs after all, is 
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an insignificant volume compared to K.B. Feeder 

discharge of 10,000 cusecs. Environmentally, this is an 

unacceptable practice. With the completion of RBOD, the 

industrial wastewater will be discharged into the drain 

whose alignment lies between the K.B Feeder and Kotri 

Industrial Area. This is very significant positive 

environmental impact as far as saving of K.B Feeder is 

concerned.  

 

The largest part of the marginal area of the drain is 

presently surrounded with water lilies like Lotus, 

Phragmites and Typha along with Mesquites elsewhere. 

The open water area is dominated by submerged aquatic 

vegetation filling the whole water profile from bottom to 

surface. As a result the open area is reducing which is the 

habitat of many waterbirds. Some agriculture lands close 

to the marginal area which may in the long run affect the 

water quality of the water body. Runoff from agricultural 

fields containing chemical fertilizers triggers pollution. 

There are some social impacts such as washing of clothes 

and grazing of cattle. These social impacts may affect and 

contaminate the water but not to a great extent. Water is 

available in deep or shallow pools in the drain beds. The 

drain beds   have risen due to sedimentation. At the RBOD 

area near Keenjhar Lake water is found in stagnant condition 

and it has resulted in the deterioration of water quality. In the 

study area, about 20% residents of towns and big villages 

are having water supply system, whereas remaining 

residents getting water from hand pumps, canal and river 

for drinking and domestic use. The villages which are 

near to the river are having fresh ground water, whereas 

the water logged area of Thatta ground water is brackish. 

In Thatta area from Chillya to Gharo residents living near 

to proposed drain are getting water from K.G. Canal and 

distributaries and also children and adults doing fishing 

practice and take bath from this drain water. This polluted 

water is not suitable for health and may cause diseases. 

The main health issue that relates to stagnant water 

(drainage near Keenjhar Lake) is Malaria. Due to using 

this polluted water, the general health of the majority of 

respondents was extremely poor. In every village, at least 

such diseases were described as common. These are 

Malaria, Common Fever, Diarrhea, Gynecological 

problems, Eye infection, Typhoid, Skin diseases and 

Cough. 

 
All the stakeholders and residents are having negative 

remarks about the RBOD project, because of lack of 

information and awareness. They are under the 

impression that the drain will carry the industrial effluent, 

which will destroy agriculture land, crop and livestock 

and also would harm human health. The drain will divide 

their land in two parts. Approach roads from main 

Highway to RBOD passing through their land/village will 

destroy the crop lands during the construction phase. A 

large number of families at least 5,000 will be affected 

from the construction phase of RBOD. Any big project 

like RBOD is required for proper planning and 

compensation requirements for the people to whom it 

affected. If acceptable compensation and alternative 

source of property is provided, then it will be become 

very easy to make this project successful as well as 

acceptable for the concerned families.  

 

Currently, all the polluted and contaminated water from 

MNVD is partly flowing into the Manchar Lake and 

partly being used for irrigation by the local cultivators. 

The quality of water is marginally suitable for irrigation 

with potential hazard for the soil, which is harmful to the 

environment and ecology of the lake, but after the flow of 

RBOD, it will directly dispose off into the Sea via Gharo 

and it will be very much beneficial for the environment. It 

is hoped that the construction of RBOD will save 

Manchar Lake and surrounding areas and carry the saline 

drainage water to the Arabian Sea. The discharge of K.G 

drain into Gharo Creek for the last three decades did not 

have any significant negative impact on the ecology of 

Gharo Creek as compared with the discharge of untreated 

sewage flowing through Malir River into Ghizri Creek 

and Lyari into Keamari which has significantly impacted 

the ecology and marine life of these two outfall areas.  

 

Therefore, the construction of RBOD from Sehwan to Sea 

via Gharo Creek carrying the saline water from northern 

area drainage units will go a long way off in saving River 

Indus from permanent damage and is by far one of the 

very important mitigation measures to protect Manchar 

Lake and River Indus. River Indus is the life line of 

Pakistan and Sindh and no cost will be too great to save it 

from permanent damage and pollution.  

 

Further studies are needed to collect more data for 

preparing a conservation plan for the management of 

Right Bank Outfall Drain. There is a need to increase 

public awareness regarding the importance and implement 

a monitoring program to provide protection of 

biodiversity and to enhance public co-operation in the 

conservation and management of the Drain and the 

threatened species. 

 
CONCLUSION 

 

On the basis of the present study, it is concluded that the 

environmentally RBOD project is a step in the right 

direction to save Manchar Lake and River Indus 

downstream of Sehwan from salinization and also take 

care of saline water and channel it into the Sea. The 

environmental issues likely to cause negative impacts, 

during construction and post construction era, can be 

handled with proper mitigation measures. The present 

study being the first study of its kind, will serve as a 
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baseline data for the future researchers on the biodiversity 

and environment of the area. 
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ABSTRACT 

 

Thidiazuron (TDZ) has potential for de novo multiple shoot induction without any callusing at any stage in 

Dendrocalamus strictus Nees. Longitudinal section through basal node region of the explants cultured in half strength 

Murashige and Skoog (MS) medium with 2.3µM TDZ showed shoot bud initials within a day of culture initiation while 

those cultured in TDZ free half strength MS medium did not show any evidence for the presence of shoot bud. The 

organization of shoot bud initial was tunica corpus type and in 3-4 days a short cylinder of provascular tissue is 

differentiated as the initial stage of vascular differentiation. After about 8 days of culture the newly differentiated bud 

began to elongate and new shoot bud initials were originated successively from actively dividing cells at the base of 

elongating shoots. The above process of regeneration continued even after transfer of explants into medium without 

TDZ. 

 

Keywords: Thidiazuron, shoot bud, peripheral zone, vascular tissue, safranin.  

 

INTRODUCTION 
 

Thidiazuron (TDZ) has been known for stimulating strong 

shoot proliferating activity in several plant species 

(Dhavala and Rathore, 2010; Hutteman and Preece, 1993; 

Singh et al., 2001). It is a substituted phenylurea (N-

phenyl-Nʹ-1,2,3-thidiazol-5-ylurea) and has been found 

more active than other phenylurea compounds in tissue 

culture systems. Although, structurally it is different from 

both the auxins and the purine-based cytokinins, but 

exhibits the unique property of mimicking both auxin and 

cytokinin effects on growth and differentiation of cultured 

explants (Murthy et al., 1986). Responses of TDZ 

induced in vitro shoot multiplication varies from species 

to species, thus needs a thorough study in case of each 

and every plant species. It can stimulate shoot 

multiplication either alone in some plant species (Lata et 

al., 2009; Kumaria et al., 2012) or in combination with 

other growth regulators (Haddadi et al., 2013; Thomas 

and Philip, 2005). Despite the extensive literature on 

shoot multiplication in dicotyledonous plants (Dhavala 

and Rathore, 2010; Hussain et al., 2007), little attention 

has been paid on monocotyledonous plants (Singh et al., 

2001). Further investigations are needed to confirm the 

initial cell division pattern and shoot bud morphogenesis 

which is so far has not been demonstrated under the 

influence of TDZ in any in vitro regeneration system. 

Moreover, the anatomical details could also be evidence 

for direct shoot regeneration and the shoots regenerated 

directly from the cultured explants could be exploited as 

true clone. In a previous study, we demonstrated that TDZ 

could induce multiple shoots from different seedling 

explants in a bamboo (D. strictus). The D. strictus has a 

long history of widely used resource (Singh et al., 2001) 

and thus, in order to confirm the mode of direct clonal 

propagation under the influence of TDZ, the present study 

was under taken to trace the initial anatomical changes of 

shoot initiation from the basal node explants of seedlings 

of D.  strictus.     

 

MATERIALS AND METHODS  

 

The dehusked seeds were surface sterilized by agitating in 

1.0% (v/v) sodium hypochlorite solution for 10 min, 

followed by 10-12 min washing under running tap water. 

The seeds were sterilized again with 0.05% (w/v) 

mercuric chloride solution for 4 to 5min and finally 

washed 3 times with autoclaved double distilled water. 

The surface sterilized seeds were aseptically germinated 

on half strength Murashige and Skoog (1962, MS) 

medium containing 2% (w/v) sucrose and gelled with 

0.8% (w/v) agar. The pH of the medium was adjusted 5.8 

± 0.02 before autoclaving at 1.06 kg cm
-2

 for 15 min. 

After 10 to 15 days of seed inoculation 2 to 4cm long 

shoots having 2 or 3 nodes were excised from the 

seedlings and cultured in half-strength MS liquid medium 

containing 2% (w/v) sucrose, supplemented with 2.3µM 

TDZ for 21 days and subsequently transferred into half 

strength MS basal liquid medium devoid of TDZ. The 

cultures were incubated at 25 ± 2ºC and under 16h photo 
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period with intensity 20-30 µmoles m
-2

 s
-1

 provided with 

cool white fluorescent tube-lights.  

 

To prepare permanent histological slides, at different 

intervals after the explants inoculation, a small portion of 

the proliferating region (basal node) of explants were 

excised and fixed in formalin-acetic acid-alcohol 

(formalin, glacial acetic acid and 50% ethyl alcohol in a 

ratio of 5:5:90 by volume) for 24h. The fixed materials 

were dehydrated using different ratios of absolute alcohol 

and chloroform (Sass, 1958). For cutting the serial 

sections dehydrated tissues were infiltrated and embedded 

in paraffin wax (melting point 58-60ºC). Ten to fifteen 

micron thick serial sections were cut with the help of 

rotary microtome and the ribbons of the sections were 

fixed on the surface of the glass slides using haupt’s 

adhesive. The section were deparaffinised in xylol and 

hydrated following the reverse way of dehydration 

schedule used before embedding. The dehydrated sections 

were stained with 1.0% (w/v) alcoholic safranin solution 

prepared in 70% alcohol for 4-5h. The safranin stained 

sections were dehydrated and counterstained with fast 

green for about 30 seconds and then dehydrated through 

alcohol and xylol series and mounted with DPX mounted. 

Observations were carried out under light and inverted 

microscope.        

 

RESULTS AND DISCUSSION 
 

The present histological investigation revealed that TDZ 

has high potential for inducing de novo shoot 

multiplication without any callusing at any stage from the 

seedling explants of D. strictus. No any histological 

abnormalities were noticed during shoot bud 

differentiation. The shoot bud initiation observed from the 

basal node of the shoot explants on the second day of 

culture initiation and initiation of new buds was continued 

even after transfer of regenerating explants from TDZ 

containing medium to medium free of TDZ. The 

permanent histological slides prepared in order to trace 

the early differentiation showed that the anatomical 

differentiation begins within a day of culture initiation on 

the medium having TDZ (Fig. 1B) and no such 

differentiation was noticed in the explants cultured in 

medium without TDZ (Fig. 1A), thus, confirming that 

TDZ could induce and enhance shoot bud formation. The 

shoot bud initial was hemispherical consisted of few 

layers of small isodiametric cells. The two outermost 

darkly stained layers were considered to constitute the 

tunica in which anticlinal divisions predominated. The 

tunica corpus organization of shoot bud initials in the 

process of organogenesis has also been demonstrated in 

Passionfruit (Da gloria et al., 1999) and Black pepper 

(Sujatha et al., 2003). The cells of these two layers were 

more or less similar in size (Fig. 1C) and in a few cases 

those of the second layer were slightly larger. The 

outermost layer was continuous with the protoderm 

basipetally. In the hemisphere, the cells of the central 

zone were slightly larger than those of the peripheral zone 

and were less intensely stained with safranin-fast green 

(Fig. 1C). McArthur and Steeves (1972) showed that the 

meristematic cylinder or provascular tissue represented 

the initial stage of vascular differentiation, which 

developed under the sole influence of the apical meristem. 

In the present study also the vascular tissues were found 

initiated in the form of procambium beneath the 

peripheral zone, the cells of which assume a rather narrow 

elongated form may be because of the predominance of 

longitudinal division (Fig. 1C). This agrees with the 

description provided by a number of previous workers in 

various angiosperm species (Esau, 1965; Sujatha et al., 

2003; Xia and Steeves, 1999). In longitudinal view the 

provascular tissue was continuous with the peripheral 

zone of the apex above and with the typical procambium 

below (Fig. 1C). Similar observation that there was no 

sharp boundary between provascular tissue and peripheral 

zone of the apex has been reported in carrot, where the 

histochemical evidence of the presence of 

carboxylesterases has been used to distinguish it from the 

peripheral zone of the apical meristem (Xia and Steeves, 

1999). In seed plants it has long been noted that there is a 

recognizable tissue just under the peripheral region of the 

apical meristem and in the path of differentiation of 

procambium to the leaf primordial. Some workers 

reported that this was a pre or pro vascular tissue because 

the procambial traces arise from it (Esau, 1965; Xia and 

Steeves, 1999).  

 

Further growth of the shoot apical meristem was similar 

to that of the normal shoot apex and the median 

longitudinal section of an 8 days old culture showed 

completely differentiated shoot bud (Fig. 1D). Similar 

pattern of shoot bud differentiation was reported in carrot 

(Xia and Steeves, 1999), and Eucalyptus (Azmi et al., 

1997). Once the shoot bud differentiation completed, it 

began to elongate and grow up into small shoot (1cm 

long) and considerable increase in shoot length was 

noticed after the transfer of regenerating shoots from TDZ 

containing medium to medium devoid of TDZ. Similar 

observation has been shown in R. tetraphylla that MS 

medium supplemented with TDZ was favourable for 

induction of maximum number of shoots and that transfer 

to hormone-free medium was essential for shoot 

elongation (Faisal et al., 2005). The new shoot buds were 

formed successively from actively dividing cells at the 

leaf axils of elongating shoots or newly emerging shoots 

buds. The above process of the regeneration of new 

shoots was observed even after transfer of cultures to 

medium without TDZ (Fig. 1F) and thus, confirming the 

de novo initiation of shoot buds in medium devoid of 

TDZ. This is also in confirmation to earlier reports, where 

a significant increase in shoot multiplication rate has been 

reported after the transfer of explants from medium 

supplemented with TDZ to TDZ-free medium (Singh et 
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al., 2001). In the present study, origin of shoot meristem 

was noticed on superficial layer and in leaf axil only (Fig. 

1E). Thus, this histological study is showing that TDZ 

could be used for clonal multiplication without any 

callusing at any stage and the development of shoot bud 

and shoot was similar to that of seed plant. The addition 

of TDZ into induction medium was necessary for de novo 

shoot bud regeneration. 
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ABSTRACT 
 
New measures of information including entropy, directed divergence and inaccuracy along with their generalizations 
have been introduced and their essential and desirable properties are studied. The relations between newly developed 
measures of directed divergence and the well-known standard measure of divergence existing in the literature of distance 
measures usually known as Kullback-Leibler’s measure have been established. Applications of these measures are 
provided to the field of coding theory for the study of source coding theorems. 
 
Keywords: Entropy, directed divergence, inaccuracy, mean codeword length, uniquely decipherable code. 
 
INTRODUCTION 
 
Shannon (1948) founded the subject of information theory 
which is closely related to thermodynamics and physics 
through the similarity of Shannon’s uncertainty measure 
to the entropy function. It was then realized that entropy 
is a property of any stochastic system and the concept is 
now used widely in different disciplines. The tendency of 
the systems to become more disordered over time is 
described by the second law of thermodynamics, which 
states that the entropy of the system cannot spontaneously 
decrease. Today, information theory is still principally 
concerned with communications systems, but there are 
widespread applications in statistics, information 
processing and computing. Shannon (1948) entropy, also 
known as measure of uncertainty for a probability 
distribution 1 2( , ,..., )nP p p p= is given by 

1

( ) log
n

i i
i

H P p p
=

= −∑             (1.1) 

with the convention that 0log0 : 0= . It is to be noted that 
the base of logarithm is assumed to be 2, unless until 
specified. 
Besides entropy, another basic and fundamental concept 
usually applied in information theory is that of 
divergence. The most important and desirable measure of 
divergence associated with the probability distributions 

1 2( , ,..., )nP p p p= and 1 2( , ,..., )nQ q q q= is due to 
Kullback and Leibler (1951) and is given by  

1

( : ) log
n

i
i

i i

pK P Q p
q=

= ∑          (1.2) 

Another basic concept in information theory which 
connects the above two measures mathematically, that is, 
entropy and divergence, is that of inaccuracy. This 
concept is basically associated with two probability 
distributions 1 2 1 2( , ,..., ), ( , ,..., )n nP p p p Q q q q= = where 

Q  is predicted and P is true probability distribution. This 
fundamental concept was proposed by Kerridge (1961) 
and is given by  

1

( : ) log
n

i i
i

H P Q p q
=

= ∑                                      (1.3) 

The above mentioned information measures find their 
applications in a variety of disciplines such as genetics, 
finance, economics, political science, biology, analysis of 
contingency of tables, statistics, signal processing and 
pattern recognition. It is to emphasis here that the above 
mentioned non-parametric measures are not sufficient 
towards their applications in variety of disciplines. For 
instance, Shannon’s measure of entropy always leads to 
exponential families of distributions but in actual practice, 
there are many families and distributions which are not 
exponential in nature. So, restricting to Shannon’s entropy 
means restricting to exponential family only and thus 
leaving the system to be least flexible. An alternative to 
this is to use generalized parametric measures of 
information where the term ‘generalized’ does not mean 
superior or more useful but it simply means to be more 
flexible. 
 
Csiszar (1977) critically investigated Shannon’s measure 
and   summarized the significance of this measure and its 
generalizations along with their scope of applications in 
the field of coding theory.  Some other parametric 
generalizations of Shannon’s entropy have been 
investigated and studied by Renyi (1961), Havrda and 
Charvat (1967), Tsallis (1988) etc. Different types of 
information measures and their mutual relationships have 
been studied by Garrido (2011). Dahl and Osteras (2010) 
applied Shannon entropy as a measure of information 
content in survey data and defined information efficiency 
as the empirical entropy divided by the maximum 
attainable entropy. Mathai and Haubold (2007) introduced 
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generalized entropies, studied some of their properties and 
examined situations where generalized entropy of 
orderα finds its applications in a variety of mathematical 
models.  
 
Jain and Mathur (2011) proposed a new symmetric 
divergence measure and studied its properties and 
obtained its bounds in terms of some well known 
divergence measures. Furuichi and Mitroi (2012) 
introduced some parametric divergence measures 
combining existing measures of information leading to 
new inequalities. Taneja (2005) studied some interesting 
inequalities among symmetric divergence measures 
whereas some other pioneers who worked towards the 
deep study of information measures are Csiszar (2008) 
and Chen et al. (2012). 
 
The objective of the present paper is to introduce new 
measures of information and to extend their applications 
in the field of coding theory. The organization of this 
paper is as follows: In section 2 and 3, we have proposed 
new measures of entropy and studied their essential and 
desirable properties whereas section 4 and 5 deal with the 
proposal of new measures of directed divergence and 
inaccuracy respectively and the study of their properties 
for validation. In section 6, we have provided the 
applications of proposed measures to the discipline of 
coding theory. 
 
2    New non-parametric measure of entropy 
In this section, we propose a new measure of entropy to 
be called M  entropy for a probability distribution 

1 2
1

( , ,..., ), 0, 1
n

n i i
i

P p p p p p
=

⎧ ⎫= ≥ =⎨ ⎬
⎩ ⎭

∑ and study its 

essential and desirable properties. This new entropy 
measure is given by the following mathematical 
expression: 

1

1( ) 1
ipn

i i

M P
p=

⎛ ⎞
= −⎜ ⎟

⎝ ⎠
∏                                              (2.1) 

 Here, we take the convention that 00 : 1= . 
 
To prove that the measure (2.1) is a valid measure of 
entropy, we study its essential properties as follows: 
 

1. Obviously, ( )M P  is non-negative. 
2. ( )M P is permutationally symmetric as it does not 

change if 1 2, ,..., np p p  are reordered among 
themselves.  

3. ( )M P is a continuous function of ip for all ip ’s.  
4. Concavity: ( )M P is a concave function of ip   for 

all ip ’s 
 
To prove concavity property, we proceed as follows: 

We have   

          ( )
2

2
12

11 1

( ) 1 11 log
ipn

i i

M P p
p p p=

⎛ ⎞⎛ ⎞∂
= + − ⎜ ⎟⎜ ⎟∂ ⎝ ⎠ ⎝ ⎠

∏                                             

                                                                                  (2.2) 
Now, we know that for all 1,2,...,i n= , we have  
 0 1,ip≤ ≤  

           that is, ( )2 11 log 0i
i

p
p

+ − ≤ .                        (2.3) 

 Thus, using (2.3), we have 
2

2
1

( ) 0M P
p

∂
≤

∂
. 

So, ( )M P is a concave function of 1p . Similarly, it can be 
proved that  ( )M P  is a concave function of all 'ip s .  
 
Under the above conditions, the function ( )M P is a 
correct measure of entropy. Next, we study most desirable 
properties of ( )M P . 
 
1. Expansibility: We have 

1 2 1 2( , ,..., ,0) ( , ,..., )n nM p p p M p p p= . That is, the 
entropy does not change by the inclusion of an impossible 
event. 
2.   For n  degenerate distributions, we have ( ) 0.M P =  
This indicates that for certain outcomes, the     uncertainty 
should be zero.  
3. Maximization of entropy:  We use Lagrange's 
method to maximize the entropy measure (2.1) subject to 

the natural constraint
1

1
n

i
i

p
=

=∑ . In this case, the 

corresponding Lagrangian is  

1 1

1 1 1
ipn n

i
i ii

L p
p

λ
= =

⎛ ⎞ ⎛ ⎞= − − −⎜ ⎟ ⎜ ⎟
⎝ ⎠⎝ ⎠

∏ ∑                              (2.4) 

Differentiating equation (2.4) with respect to 1 2, ,..., np p p  
and equating the derivatives to zero, we 

get 1 2 ... np p p= = = .This further gives 1
ip i

n
= ∀ . Thus, 

we observe that the maximum value of ( )M P arises for 
the uniform distribution and this result is most desirable. 
4.  Maximum value: The maximum value of the entropy 

is given by 1 1 1, ,..., 1M n
n n n

⎛ ⎞ = −⎜ ⎟
⎝ ⎠

. 

Again, ' 1 1 1, ,..., 1 0M
n n n

⎛ ⎞ = >⎜ ⎟
⎝ ⎠

 . Thus, 1 1 1, ,...,M
n n n

⎛ ⎞
⎜ ⎟
⎝ ⎠

 is 

an increasing function of n , which is again a desirable 
result as the maximum value of entropy should always 
increase. 
5. Non-additivity: Let 1 2( , ,..., )nP p p p=  
and 1 2( , ,..., )mQ q q q= be two independent probability 
distributions of two random variables X and Y , so that 
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( ) ( ),i i j jP X x p P Y y q= = = =  and 

( ) ( ) ( ),i j i j i jP X x Y y P X x P Y y p q= = = = = = . 
For the joint distributions of X and Y , there are nm  
possible outcomes with  probabilities ; 1,2,...,i jp q i n=  
and 1,2,...,j m= so that the entropy of the joint 
probability distribution, denoted by ( * )M P Q , is given 
by 

( )
1 1

( * ) 1i j
n m p q

i j
i j

M P Q p q
−

= =

= −∏∏         

( ) ( ) ( )

( ) ( ) ( )

1 1 2 2 1 2 1 2

1 1 2 2 1 2 1 2

... ... ...
1 2

... ... ...
1 2

..

.. 1

m m n m

n n m n

p q q q p q q q p q q q
n

q p p p q p p p q p p p
m

p p p

q q q

− + + + − + + + − + + +

− + + + − + + + − + + +

⎛ ⎞
= ⎜ ⎟
⎜ ⎟−⎝ ⎠

1 1

1ji

n m
qp

i j
i j

p q−−

= =

= −∏ ∏                                                  (2.5) 

Also, we have  ( ) ( ) ( ) ( )M P M Q M P M Q+ +      

     
1 1

1ji

n m
qp

i j
i j

p q−−

= =

= −∏ ∏                                        (2.6) 

From equation (2.5) and (2.6), we have 
( ) ( ) ( ) ( ) ( )*M P Q M P M Q M P M Q= + +  

Thus, we claim that the new measure of entropy 
( )M P introduced in (2.1) satisfies all the essential as 

well as desirable properties of being an entropy measure, 
it is a valid measure of entropy. 
 
3    Generalized parametric measure of entropy 
In this section, we propose a new generalized measure of 
entropy to be called parametric M-entropy for a 
probability distribution 

1 2
1

( , ,..., ), 0, 1
n

n i i
i

P p p p p p
=

⎧ ⎫= ≥ =⎨ ⎬
⎩ ⎭

∑ , given by the 

following mathematical expression: 
( )1

1

1 1( ) 1 , 0 , 1
1

ipn

i i

M P
p

α

α α α
α

−

=

⎛ ⎞⎛ ⎞⎜ ⎟= − > ≠⎜ ⎟⎜ ⎟− ⎝ ⎠⎝ ⎠
∏    

(3.1) 
with the convention that 00 : 1= . 
 
We observe that for 1α → , measure (3.1) reduces to 
Shannon’s (1948) entropy as shown    below: 

( )1

1 1 1

1 1( ) 1
1

ipn

i i

lt M P lt
p

α

αα α α

−

→ →
=

⎛ ⎞⎛ ⎞⎜ ⎟= −⎜ ⎟⎜ ⎟− ⎝ ⎠⎝ ⎠
∏                     

                 
1

log
n

i i
i

p p
=

= −∑  

Hence, this measure is a generalization of Shannon’s 
measure and in particular reduces to measure (2.1) 
for 0α = . 

Next, we study some essential properties of the 
generalized measure. 
1. ( )M Pα  is non-negative, that is, ( ) 0M Pα ≥ . 
Proof:  Case-I: When 0 1α< <                         

             

( )1

1

1 1 1 0
1

ipn

i ip

α

α

−

=

⎛ ⎞⎛ ⎞⎜ ⎟− ≥⎜ ⎟⎜ ⎟− ⎝ ⎠⎝ ⎠
∏      

that is, iff    

( )1

1

1log 0
ipn

i ip

α−

=

⎛ ⎞⎛ ⎞⎜ ⎟ ≥⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠
∏       

that is, iff     
1

log 0
n

i i
i

p p
=

− ≥∑ which is true. 

 Case-II: When 1α > , we have                                                                         
                                              

       

( )1

1

1 1 1 0
1

ipn

i ip

α

α

−

=

⎛ ⎞⎛ ⎞⎜ ⎟− ≥⎜ ⎟⎜ ⎟− ⎝ ⎠⎝ ⎠
∏   

that is, iff     

( )1

1

1log 0
ipn

i ip

α−

=

⎛ ⎞⎛ ⎞⎜ ⎟ ≤⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠
∏   

 that is, iff  
1

log 0
n

i i
i

p p
=

− ≥∑ which is true. 

2. ( )M Pα  is permutationally symmetric as it does not 
change if 1 2, ,..., np p p  are re-ordered among themselves.  
3. ( )M Pα is a continuous function of ip   for all ip ’s.  
4. Concavity: ( )M Pα is a concave function of ip   for 
all ip ’s. 
To prove concavity property, we proceed as follows: We 
have   

  ( ) ( )
( )12

2
12

11 1

( ) 1 11 log 1
ipn

i i

M P p
p p p

α

α α
−

=

⎛ ⎞⎛ ⎞∂
= + − − ⎜ ⎟⎜ ⎟∂ ⎝ ⎠ ⎝ ⎠

∏                                         

                                                                                  (3.2) 
Now, using (2.3) and for 0α > , we have 

( )2 11 log (1 ) 0, 1,2,....i
i

p i n
p

α+ − − ≤ = .              (3.3) 

that is 
2

2
1

( ) 0M P
p
α∂

≤
∂

. 

 So, ( )M Pα is a concave function of 1p . Similarly, it can 
be proved that   ( )M Pα  is a    concave function of 
all 'ip s . Hence, under the above conditions, the function 

( )M Pα is a correct measure of entropy. Next, we study 
the most desirable properties of ( )M Pα . 
1. Expansibility: We have 

1 2 1 2( , ,..., , 0) ( , ,..., )n nM p p p M p p pα α= .  
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2. For n  degenerate distributions, we have ( ) 0.M Pα =   
3. Maximization of entropy: Using Lagrange’s method, 
we observe that the maximum value of ( )M Pα  arises for 
the uniform distribution. 
4. Maximum value: The maximum value of the entropy 

is given by
11 1 1 1, ,...,
1

nM
n n n

α

α α

− −⎛ ⎞ =⎜ ⎟ −⎝ ⎠
 which is an 

increasing function of n , and is again a desirable result as 
the maximum value of entropy should always increase. 
 
5. Non-additivity:  
The entropy of the joint probability distribution, denoted 
by ( * )M P Qα , is given by 

( ) (1 )

1 1

1( * ) 1
1

i j
n m p q

i j
i j

M P Q p q
α

α α
− −

= =

⎛ ⎞
= −⎜ ⎟− ⎝ ⎠

∏∏                  

         
1 2 1

2

(1 )(1 ) (1 ) (1 )
1 2 1

(1 )(1 )
2

...1
1 ... 1

n

m

pp p q
n

qq
m

p p p q

q q

αα α α

ααα

− −− − − − − −

− −− −

⎛ ⎞
= ⎜ ⎟⎜ ⎟− −⎝ ⎠

 

        (1 )(1 )

1 1

1 1
1

ji

n m
qp

i j
i j

p q αα

α
− −− −

= =

⎛ ⎞
= −⎜ ⎟− ⎝ ⎠

∏ ∏                  (3.4) 

 
 
Also, we have 

( ) ( ) ( ) ( )(1 )M P M Q M P M Qα α α αα+ + −  

              
(1 )(1 )

1 1

1 1
1

ji

n m
qp

i j
i j

p q αα

α
− −− −

= =

⎛ ⎞
= −⎜ ⎟− ⎝ ⎠

∏ ∏       

(3.5) 
From equation (3.4) and (3.5), we have 

( ) ( ) ( ) ( ) ( )* (1 )M P Q M P M Q M P M Qα α α α αα= + + −  
 
Thus, we claim that the new measure of entropy  

( )M Pα introduced in (3.1) satisfies all the essential as 
well as desirable properties of being an entropy measure, 
it is a valid measure of entropy. 
 
4 Some new measures of directed divergence 
First measure of directed divergence 
We propose a new non-parametric measure of divergence 
of probability distribution 1 2( , ,..., )nP p p p= from another 
probability distribution 1 2( , ,..., )nQ q q q=  given by 
 

1 1

( : ) i i

n n
p p

i i
i i

D P Q q p− −

= =

= −∏ ∏  (4.1) 

 
Measure (4.1) is a correct measure of directed divergence 
since it satisfies the following properties 
1. ( : ) 0D P Q ≥  

Proof:   We have 

  
1 1

0i i

n n
p p

i i
i i

q p− −

= =

− ≥∏ ∏  

  iff      
1 1

log log
n n

i i i i
i i

p q p p
= =

− ≥ −∑ ∑     which is true. 

2.  ( : ) 0D P Q =  iff  P Q= . 
3. ( : )D P Q is a convex function of P  and Q . 
 Proof:  We have 
 
 

( ) ( )

2

2
1

2 2
1 1

1 11

( : )

1log 1 log 0i i

n n
p p

i i
i i

D P Q
p

q q p p
p

− −

= =

∂
=

∂

⎛ ⎞
+ − + >⎜ ⎟
⎝ ⎠

∏ ∏
 (4.2) 

( )2 1 1
1

2 2
1 1

1
( : ) 0

i

n
p

i
i

p p q
D P Q

q q

−

=

+
∂

= >
∂

∏
                          (4.3) 

From (4.2) and (4.3), it can be seen that ( : )D P Q  is a 
convex function of 1p  and 1q . Similarly, it can be proved 
that ( : )D P Q  is convex for each ip  and iq  for 

1,2,..., .i n=  
 
Second measure of directed divergence 
We propose a new generalized parametric measure of 
directed divergence of probability distribution 

1 2( , ,..., )nP p p p=  from another probability 
distribution 1 2( , ,..., )nQ q q q= , given by 

( )1

1

1( : ) 1 , 1, 1
1

ipn
i

i i

pD P Q
q

α

α α α
α

− −

=

⎛ ⎞⎛ ⎞⎜ ⎟= − > ≠⎜ ⎟⎜ ⎟− ⎝ ⎠⎝ ⎠
∏  (4.4) 

  
It is observed that for 1α →  in (4.4), we get Kullback-
Leibler’s (1951) measure of directed divergence. 
 
Thus, we claim that the measure (4.4) is a correct measure 
of directed divergence as it satisfies all the requisite 
properties. 
 
Third measure of directed divergence 
We introduce another parametric measure of directed 
divergence corresponding to measure of entropy (3.1), 
given by 

( ) ( )1 1

1 1

1( : )
1

i i
n n

p p
i i

i i

D P Q q pα αα

α
− − − −

= =

⎛ ⎞= −⎜ ⎟− ⎝ ⎠
∏ ∏  

for 0 1, 1.α α≤ < ≠                                                  (4.5)  
 
Measure (4.5) is a correct measure of directed divergence 
as it also satisfies the requisite properties of a measure of 
directed divergence and reduces to Kullback -Leibler 
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(1951) measure as 1α →  and hence is a generalized 
measure. In particular, for 0α = , it becomes measure 
(4.1). 
 
Relation between Kullback-Leibler measure 

( : )K P Q and the measure ( : )D P Q  
The following relationship can be established between 

( : )K P Q and ( : )D P Q . 
 
Theorem 4.1. The divergence measure ( : )K P Q  is no 
greater than divergence measure ( : )D P Q , that is, 
                      ( : ) ( : )K P Q D P Q≤                           (4.6)                 (4.8) 
Proof.  We know that   

                   
1

( : ) log
n

i
i

i i

pK P Q p
q=

= ∑  

                                    
1 1

1

i i

i

n n
p p

i i
i i

n
p

i
i

q p

p

− −

= =

−

=

−
≤
∏ ∏

∏
                     

                                 
1 1

( : )i i

n n
p p

i i
i i

q p D P Q− −

= =

≤ − =∏ ∏                            

The above relationship can also be shown with the help of 
figure 1 in which we assume 

( ),1P x x= − and ( )1 , , 0 1Q x x x= − ≤ ≤ . It is to be noted 
that natural log is taken for calculating the numerical 
values for the plot of figure 1 

0

1

2

3

4

5

6

7

0 0.2 0.4 0.6 0.8 1

D(P:Q)

K(P:Q)

P=(x,1‐x)
Q=(1‐x,x)

 
Fig.1. Comparison of the ( : )K P Q and ( : )D P Q  
divergence measures for 2n = . 
 
Relation between Kullback Leibler measure 

( : )K P Q and the measure ( : )D P Qα :     
Theorem 4.2. The divergence measure ( : )K P Q  is no 
greater than divergence measure ( : )D P Qα , that is,                                  
       ( : ) ( : ), 1K P Q D P Qα α≤ >                          (4.7) 
Proof.   We know that 

        
1

( : ) log
n

i
i

i i

pK P Q p
q=

= ∑  

                       

( )

( )

1

1

1

1

1 log
1

i

i

n
p

i
i
n

p
i

i

q

p

α

αα

− −

=

− −

=

⎛ ⎞
⎜ ⎟
⎜ ⎟=

− ⎜ ⎟
⎜ ⎟
⎝ ⎠

∏

∏
 

             
( )

( )
1

1

1 1 :
1

ipn
i

i i

p D P Q
q

α

αα

− −

=

⎛ ⎞⎛ ⎞⎜ ⎟≤ − =⎜ ⎟⎜ ⎟− ⎝ ⎠⎝ ⎠
∏                      

 

Relation between Kullback Leibler measure 
( : )K P Q and the measure ( : )D P Qα  

Theorem 4.3. The divergence measure ( : )K P Q  is no 
greater than divergence measure ( : )D P Qα , that is, 
        ( : ) ( : ), 0 1K P Q D P Qα α≤ ≤ <                     (4.8) 
Proof.   We know that 

1

( : ) log
n

i
i

i i

pK P Q p
q=

= ∑  

       

( ) ( )

( )

1 1

1 1

1

1

1
1

i i

i

n n
p p

i i
i i

n
p

i
i

q p

p

α α

αα

− − − −

= =

− −

=

⎛ ⎞−⎜ ⎟
⎜ ⎟≤

− ⎜ ⎟
⎜ ⎟
⎝ ⎠

∏ ∏

∏
                     

        ( ) ( )1 1

1 1

1 ( : )
1

i i
n n

p p
i i

i i

q p D P Qα α α

α
− − − −

= =

⎛ ⎞≤ − =⎜ ⎟− ⎝ ⎠
∏ ∏     

 
5    New measures of Inaccuracy 
First Measure of Inaccuracy 
I. We first propose the new non-parametric measure of 
inaccuracy given by the following mathematical 
expression: 

     
1

1( : ) 1
ipn

i i

I P Q
q=

⎛ ⎞
= −⎜ ⎟

⎝ ⎠
∏                                      (5.1) 

The measure (5.1) represents sum of two uncertainties:                             
(i) Uncertainty due to our not knowing ( )1 2, ,..., nP p p p= , 

but knowing only ( )1 2, ,..., nQ q q q= . 
 (ii) Uncertainty of P even when P  is known. 
 
The result (i) can be measured by measure of directed 

divergence, given by 
1 1

( : ) i i

n n
p p

i i
i i

D P Q q p− −

= =

= −∏ ∏  as 

defined in (4.1). 
 
The result (ii) is measured by measure of entropy, given 

by
1

1( ) 1
ipn

i i

M P
p=

⎛ ⎞
= −⎜ ⎟

⎝ ⎠
∏ as defined in (2.1).                                                

Thus, we have 
( : ) ( : ) ( )I P Q D P Q M P= +                                     (5.2) 
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Also, 
( : ) ( : ) ( ) ( )I P P D P P M P M P= + =                       (5.3) 

and 
( : ) ( )I P Q M P≥                  (5.4) 

and equality sign holds if and only if  Q P=  . 
So, measure (5.1) is an appropriate measure of inaccuracy 
as it satisfies the following properties: 
(i) ( : ) 0I P Q ≥  
(ii) ( : )I P P  is an appropriate measure of entropy.  
(iii) ( : ) ( : )I P Q I P P≥ and ( : )I P Q   reduces to 

( : )I P P  only when Q P= .  
 
Second Measure of Inaccuracy 
II. We now propose another new parametric measure of 
inaccuracy given by 

( ) ( )

( )

1 1

1 1

1

1

1
1( : ) , 1

1

i i

i

n n
p p

i i
i i

n
p

i
i

p q
I P Q

q

α α

α
α

α
α

− − − −

= =

− −

=

⎛ ⎞⎛ ⎞−⎜ ⎟⎜ ⎟
⎝ ⎠⎝ ⎠= >

−

∏ ∏

∏
   (5.4) 

For 1α → , ( : )I P Qα  reduces to Kerridge’s (1961) 
measure of inaccuracy and satisfies all the requisite 
properties of inaccuracy measure. 
 
Third Measure of Inaccuracy 
III. Next, we investigate and propose another parametric 
measure of inaccuracy, given by the following 
mathematical expression: 

( )1

1

1 1( : ) 1 , 0 1, 1
1

ipn

i i

I P Q
q

α
α α α

α

−

=

⎛ ⎞⎛ ⎞⎜ ⎟= − ≤ < ≠⎜ ⎟⎜ ⎟− ⎝ ⎠⎝ ⎠
∏     (5.5) 

Again, for 1α → , we have 

1 1

( : ) log
n

i i
i

lt I P Q p qα

α→
=

= −∑                     

which is Kerridge’s measure of inaccuracy and we claim 
that measure (5.5) is an appropriate  as it satisfies the 
requisite properties of inaccuracy measure. 
 
In the next section, we provide the applications of the 
measures of information developed in the above sections. 
 
6    Some new source coding theorems  
6.1    Source coding with generalized measure of 
entropy 
Source coding aims to encode the source that produces 
symbols ix  from X  with probabilities ip  where 

1

1
n

i
i

p
=

=∑  using an alphabet of size D , that is, to map each 

symbol ix  to a codeword ic  of length il  expressed using 
the D  letters of the alphabet.  If the set of lengths il  
satisfies the *Kraft’s (1949) inequality 

1

1i

n
l

i

D−

=

≤∑                                                                 (6.1)  

then there exists a uniquely decodable code with these 
lengths, which means that any sequence 1 2...i i inc c c  can be 
decoded unambiguously into a sequence of symbols 

1 2...i i inx x x  Furthermore, any uniquely decodable code 
satisfies the Kraft's inequality (6.1). The Kraft’s 
inequality is a basic result in information theory which 
gives a necessary condition for a code to be uniquely 
decipherable. Nagaraj (2009) provided a new proof of this 
inequality and its converse for prefix-free codes by a 
dynamical systems approach. Parkash and Priyanka 
(2011) developed some new results which are closely 
related with the Kraft’s inequality.  
 
The Shannon’s (1948) source coding theorem indicates 
that the mean codeword length 

1

n

i i
i

L p l
=

= ∑                                                                (6.2) 

 is bounded below by the entropy of the source, that is, 
Shannon's entropy ( )H P  and that the best uniquely 
decodable code satisfies 

( ) ( ) 1H P L H P≤ < +                                               (6.3) 
 where the logarithm in the definition of the Shannon 
entropy is taken in base D . This result indicates that the 
Shannon entropy ( )H P  is the fundamental limit on the 
minimum average length for any code constructed for the 
source. The lengths of the individual codewords, are 
given by 

logi D il p= −                                                             (6.4) 
Later, Campbell (1965) introduced the generalized mean 
codeword length, defined as 

(1 )

1

log
1

iln

D i
i

L p D
α

α
α

α
α

−

=

⎛ ⎞
= ⎜ ⎟− ⎝ ⎠

∑                                 (6.5) 

and proved that Renyi's entropy ( )H Pα forms a lower 
bound to it subject to Kraft's inequality. Sharma and 
Raina (1980) proved coding theorems for partially 
received information. Parkash and Kakkar (2012) 
proposed two new mean codeword lengths, investigated 
that these lengths satisfy desirable properties as a measure 
of typical codeword lengths and proved new noiseless 
coding theorems subject to Kraft's inequality.  
 
Also, we have the following relation between the 
Shannon's entropy and the generalized entropy (3.1) 

( )( )( ) log H PM P Dα α=                                             (6.6) 

where log (.)α  is the α − deformed logarithm defined as 
1 1log
1

xx
α

α α

− −
=

−
 . 

Now, we consider the following two cases: 
Case-I  When 0 1,α< < we have  

( )L H P≥  
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(1 ) ( )(1 )1 1
1 1

L H PD Dα α

α α

− −− −
⇒ ≥

− −
 

( ) ( )( )log log ( )L H PK D D M Pα α α α⇒ = ≥ =                                                               
                                                                                  (6.7) 
Case-II  When 1α > , we have  

( )L H P≥  

( ) ( )( )log log ( )L H PK D D M Pα α α α⇒ = ≥ =            (6.8) 

Here comes out the new generalized length Kα  from (6.7) 
and (6.8) to which the generalized entropy ( )M Pα forms 
a lower bound. It is a monotonic increasing function of 
mean codeword length L  and it reduces to L  
when 1α → . The optimal codeword lengths are given by 

logi D il p= −  which  is  similar  to  equation  (6.4)  as  in  
case  of  Shannon's  source  coding  theorem. Kα  is not an 

average of the type ( )1

1

n

i i
i

p lφ φ−

=

⎛ ⎞
⎜ ⎟
⎝ ⎠
∑  as introduced by 

Kolmogorov (1930) and Nagumo (1930) but is a simple 
expression of the α − deformed logarithm. 
 
Note:  When 1 2 ... nl l l l= = = = , then K lα ≠ .  Instead, it 

reduces to 
( )1 1
1

lD α

α

− −
−

 which further reduces to l  

when 1α → .The above results (6.7) and (6.8) can also be 
stated in the form of following theorem: 
 
Theorem 6.1. If 1 2, ,..., nl l l  denote the lengths of the 
uniquely decipherable code for the random variable X , 
then ( )K M Pα α≥ with equality if and only 
if logi D il p= − .              
Proof.  We have to minimize the following codeword 
length: 

( )
1

1

1
1

n

i i
i

p l

DK
α

α α

=

− ∑
−

=
−

                                                  (6.9) 

 subject to the Kraft's (1949) inequality 

1

1i

n
l

i

D−

=

≤∑      

The corresponding Lagrangian is given by 
( )

1

1

1

1 1
1

n

i i
i

i

p l
n

l

i

DJ D
α

λ
α

=

−

−

=

∑
− ⎛ ⎞= + −⎜ ⎟− ⎝ ⎠

∑                        (6.10) 

 
Differentiating (6.10) with respect to ; 1,2,...,il i n=  and 
equating to zero, we get 

il
ip Dλ −=                                                               (6.11) 

Using 
1

1i

n
l

i

D−

=

=∑  and
1

1
n

i
i

p
=

=∑ , equation (6.11) gives 

1λ =  and hence il
ip D−= , that is, logi D il p= −  

Substituting il  in (6.9), we get the minimum value of 
Kα as 

[ ]
( )1

min
1

1 1 1 ( )
1

ipn

i i

K M P
p

α

α αα

−

=

⎛ ⎞⎛ ⎞⎜ ⎟= − =⎜ ⎟⎜ ⎟− ⎝ ⎠⎝ ⎠
∏  

 

6.2 Shannon's source coding via new measures of 
directed divergence                       
 We know that the measure of directed divergence 

( ):D P Qα as given by (4.4) is non-negative, that is, 
( )1

1

1( : ) 1 0, 1
1

ipn
i

i i

pD P Q
q

α

α α
α

− −

=

⎛ ⎞⎛ ⎞⎜ ⎟= − ≥ >⎜ ⎟⎜ ⎟− ⎝ ⎠⎝ ⎠
∏          (6.12) 

Substituting 

1

, 1,2,...,
i

i

l

i n
l

i

Dq i n
D

−

−

=

= =

∑
 in (6.12), we get  

( )1

1 1

1
i

i

i

pn n
li

l
i i

p D
D

α− −
−

−
= =

⎛ ⎞⇒ ≥⎜ ⎟
⎝ ⎠

∏ ∑                               (6.13)  

1 1 1

log log i

n n n
l

i D i D i i
i i i

p p D p l L−

= = =

⇒ − − ≤ =∑ ∑ ∑  

Now, since 
1

i

n
l

i

D−

=
∑   lies between 1D−  and1, therefore 

the lower bound for L  lies between ( )H P and ( ) 1H P + .  
Hence, we obtain the following result                             

( ) ( ) 1H P L H P≤ < +  
which is the Shannon's source coding theorem for 
uniquely decipherable codes. 

Note: On substituting 1 , 1,2,...,iq i n
n

= =  in (6.12) and 

then taking logarithms both sides, we get 
( ) logDH P n≤                                                        (6.14) 

which is a known result in information theory that shows 
that maximum value  of Shannon's entropy can never be 
greater than logD n . 
 
Similarly, if we take the non-negativity of the measure of 
directed divergence given in equation (4.1) and substitute 

1

, 1,2,...,
i

i

l

i n
l

i

Dq i n
D

−

−

=

= =

∑
 in it, we get 

1 1

1

i

i
i

i

p

ln n
p

ln
li i

i

D p
D

−

−
−

−= =

=

⎛ ⎞
⎜ ⎟
⎜ ⎟ ≥
⎜ ⎟
⎜ ⎟
⎝ ⎠

∏ ∏
∑

                                    (6.15) 

 
Taking logarithms on both sides of (6.14) and 
simplifying, we again arrive at inequality (6.3). 
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Proceeding on similar lines and using the non-negativity 
of the measure of directed divergence given by (4.5), we 
again get the Shannon’s source coding theorem. 
 
Concluding Remarks: The measures of entropy find 
tremendous applications in a variety of disciplines viz, 
biological, economical, physical sciences. Similarly, the 
measures of divergence have proved to be very useful in a 
various disciplines of engineering sciences. Since a single 
measure of information cannot be adequate for each 
discipline, we need a variety of generalized information 
measure to extend the scope of their applications. Further, 
these generalized measures induce flexibility into the 
system and hence preferred towards optimization 
problems. Keeping this idea in mind, we have generated 
various information measures for the discrete probability 
distribution and provided their applications in field of 
coding theory. With similar arguments, a variety of 
information theoretic measures can be developed for 
continuous probability distributions. 
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ABSTRACT 

 

Steady state one dimensional pseudo-homogeneous models of an axial flow industrial catalytic packed bed ammonia 

converter have been developed. The converter is a vertical four catalytic bed reactor with varying volumes of catalysts. 

Effects of temperature changes on the catalyst surface and in its interior were incorporated in the model by an 

effectiveness factor. The models were used to predict conversions, concentrations of reactant/product mixtures and 

temperature profiles along the catalyst beds. The developed models consisted of ordinary differential equations which 

were solved numerically using the 4
th

 order Runge-Kutta algorithm implemented with MatLab ode45 solver. The 

accuracy of the models was ascertained with industrial plant data from Notore Chemical Industry, Onne, Rivers State. 

The results obtained from solutions to the models compared favorably with output plant data of the ammonia converter 

with a maximum deviation between models predictions and actual plant data of 6.7%. Consequently, simulation studies 

of the converter was performed varying operating parameters such as feed flow rates, inlet temperatures and pressures to 

determine their effects on the performance of the converter.  

 

Keywords: Modeling, ammonia converter, effect of feed flow rate and inlet temperature. 

 

INTRODUCTION 

 

Ammonia is a widely used raw material for the 

production of nitrogen compounds of vital importance, 

such as urea, nitric acid, fertilizer, explosive materials, 

pharmaceuticals, polymers and coolants; thus its synthesis 

is an important industrial process. It is produced 

following the Haber-Bosch process by the reaction 

between gaseous nitrogen (from air) and hydrogen (from 

natural gas). The diversification policy of the Nigerian 

Government aimed at increasing awareness and 

improvement in mechanized agriculture has resulted in 

increased agricultural activities across the country and 

increasing the demand for fertilizers a key 

requirement/ingredient for agricultural productivity. A 

sustained availability of fertilizer will be achieved 

through the efficient operation of exiting fertilizer plants 

and the construction of new plants of which the converter 

used for ammonia synthesis a precursor for the 

manufacture of nitrogenous fertilizers is very vital. The 

development of suitable models that can be used for 

simulation studies of the converter is vital in achieving 

this policy as the simulation would provide a wide range 

of operating conditions and design possibilities of the 

converter for prospective investors. 

 

A typical ammonia production process consists of (a) 

production of the synthesis gas, (b) compression of the 

gas to the required pressure and (c) synthesis loop in 

which its conversion to ammonia takes place. This work 

is focused on the converter of the synthesis loop.  

MODEL DEVELOPMENT 

 

Process description 

The hydrogen for the synthesis process is obtained from 

steam reforming of natural gas (chiefly methane) 

thereafter a shift conversion takes place to produce more 

hydrogen from reaction of carbon monoxide with water. 

Carbon dioxide is removed by absorbing in a potassium 

carbonate solution before passing the process gas to a 

methanation section where carbon monoxide and carbon 

dioxide are converted back to methane. The nitrogen 

input is obtained from the atmosphere through air 

liquefaction. After passing these stages the process gas is 

compressed (make-up gas) and sent to the ammonia 

converter where a portion of the synthesis gas is 

converted to ammonia in a catalytic reaction. Iron catalyst 

is used promoted with potassium oxides. The single-pass 

conversion is not more than 25%. A portion of the 

effluent emerging from the reactor exit is purged to 

remove inert contents while the other portion is sent to 

ammonia separation section where ammonia is condensed 

out at about -23
o
C. After separation, the gas is recycled 

and mixed with fresh makeup gas. A typical four bed 

ammonia converter in Notore Chemical Industry Limited 

operating at Onne in Rivers State is depicted in figure 1. 

 

Kinetic Model  

Various kinetic models for ammonia synthesis have been 

proposed over the years. These models were based either 

on mechanistic considerations or on empirical evaluations 

and include the works of ICI, 1970; Temkin, 1979; 

Nielsen, 1981; Boudart, 1981; Ull-mann’s, 1985; Appl, 
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1992, 1997; Aparicho and Dumesic, 1994. The kinetics of 

ammonia synthesis over various catalyst has also been 

reported; over Ni-doped CeO2 and Ru/CeO2 catalyst 

respectively (Izumiet al., 1996); over a ruthenium catalyst 

supported on active carbon (Zbigniew et al., 1996) with 

barium-promoted iron-cobalt alloys (Hagen et al., 2003) 

and over a bimetallic catalyst Fe and Mo supported 

HZSM-5 catalyst at atmospheric pressure and high 

temperature (Unde and Gaikwad, 2007). These studies 

produced reaction rates expressions for the synthesis 

reaction with varying complexities and operating 

conditions. However, the rate expression of Temkin – 

Pyzhez (1940), (Temkin, 1990) is believed and widely 

accepted to accurately represent the ammonia synthesis 

reaction over wide and varying conditions; the modified 

form of the Temkin- Pyzhez equation expressed in 

activities as developed by Dyson and Simon (1986) will 

therefore be used in this work. The reaction rate 

expression is represented as: 

 (1) 

Where k is the rate constant for the reverse reaction, Ka is 

the equilibrium constant, ai is the activity of component i 

and   is a constant which takes a value from 0.5 to 0.75 

(Dashtiet al., 2006). 

 

The reaction rate equations for the reactants were 

determined using the stoichiometry of the reaction: 

to relate the individual rates of 

reactions as follows: 

   (2) 

 

Reactor Model 

To predict the performance of the converter, a 

mathematical model was developed. The conventional 

classification of reactor models contains two main 

categories (Reddy and Husairi, 1982): the pseudo-

homogeneous and heterogeneous models. Pseudo-

homogeneous models that do not account explicitly for 

the presence of catalyst can be used by modifying the 

intrinsic rate of reaction by multiplying it by an 

effectiveness factor. The empirical relation (Dyson and 

Simon, 1986) which relates the effectiveness factor at any 

point along the length of the catalyst bed to the 

temperature and conversion at that specific point is 

therefore incorporated in the model to be developed. 

 

Model Assumptions 

The following conditions are imposed on the synthesis 

converter in the development of its mathematical model: 

The converter operates at steady state, the flow through it 

is assumed to be plug flow which means concentration 

varies along the length (bed) of the reactor. One-

dimensional Cartesian coordinate was considered along 

the bulk flow. (Radial effects were not considered), 

density of the gas is constant and the effects of 

 
Fig. 1. Typical four Bed Ammonia Converter. 
 
 

 

 

 

 

dL 
 
Fig. 2. Elemental portion of the packed bed reactor. 
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penetration resistance in catalyst, temperature gradient 

and catalyst inside concentration have been incorporated 

in the rate equation by a coefficient. Based on these 

assumptions a pseudo-homogeneous one-dimensional 

model was developed for the reacting species by applying 

the principle of conservation of mass and energy on an 

elemental section (differential section) of the converter as 

shown in figure 2. 

 

Mass Balance (Molar)  

                                         (3) 

 

This equation can be written for the limiting reactant 

(nitrogen) as: 

         (4) 

 

Where   u = velocity of gas (m/s) 

 A = cross-sectional area of the bed (m
2
)  

 CNH3 = Exit concentration of ammonia (NH3)  

   (moles/m
3
) 

 L = Length of bed (reactor) (m) 

  = Rate of depletion of nitrogen (N2)    

η      =    Effectiveness factor  

 

Expressing equation (4) in terms of nitrogen conversion 

(X) and initial flow rate FN2,0 (mole/hr) as follows: 

    (5) 

 

Equation (5) can be expressed in terms of rate for 

ammonia production using the relationship in equation (2) 

to give: 

    (6) 

 

Energy Balance 

     (7) 

Where:  

m  =  total mass flow rate of (kg/hour) 

 RH = Heat of reaction (KJ/kmol) 

 T = Temperature variable in the reactor (K) 

 Cpmix=  Specific heat capacity of the gas mixture 

(kJ/kmol) 

 

MATERIALS AND METHODS 

 

The component activities in the reaction rate equation 

were expressed in terms fugacity as: 

     (8) 

Where: 

= reference fugacity. Taken to be 1 atm  

The fugacity of component i (fi) can be determined from 

the expression of the dimensionless fugacity coefficient: 

 as: 

       (9) 

The component partial pressures were converted to molar 

concentrations using the expression: 

    (10) 

Substituting these, the component activities can be 

expressed as:  

     (11) 

 

The molar concentrations of each component (Yi) were 

expressed in terms of fractional conversion of the limiting 

reactant nitrogen (X) using the expressions in Appendix 1 

developed by performing a mole balance on the converter; 

thus expressing the component activities in terms of 

fraction conversion of the limiting reactant nitrogen. The 

respective component activities were substituted into the 

rate expression to yield the reaction rate expression in 

terms of fractional conversion of the limiting reagent 

(nitrogen). 

 
              (12) 

Further simplification yields:  

                                            
                                                                                      (13) 
 

Substituting the reaction rate expression (eqn. 13) into the 

model equations (eqn. 6 and 7) gives the model equations 

in terms of fractional conversion of the limiting reactant 

nitrogen. 

 

The MatLab 7.5 ODE45 solver from Mathworks for non 

stiff ordinary differential equations which uses the 4
th

 

order Runge Kutta algorithm was employed in solving the 

resulting ordinary differential equations of the model 

equations using data given in Table 1from the industrial 

ammonia converter of Notore Chemical Industry Limited 

operating at Onne in Rivers State, Nigeria. The industrial 

ammonia converter operates on a 4 catalyst beds system. 
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The outputs (results) from each catalyst bed were used as 

inputs into the successive bed and the process re-initiated. 

This was done for all four (4) catalyst beds until the final 

fractional conversion, concentrations (of reactants and 

product) and outlet bed temperature were determined at 

the end of the last bed (catalyst bed #4). To replicate the 

industrial converter accurately where the products from 

catalyst beds 1 and 2 were quenched (cooled) while the 

products from bed 3 were heated before entering the 

successive beds respectively, the industrial bed entry 

temperatures were used for beds 2, 3 and 4. 

 

The results of the model equations gave the fractional 

conversions of the limiting reactant and temperature 

progression along each catalyst bed. The exit 

concentrations (mole %) of the reactants and product at 

each catalyst bed were obtained using the expressions in 

Appendix 1.    

 

DETERMINATION OF PARAMETERS 

 

To solve the model equations developed requires the 

determination of certain constants and parameters. These 

were determined as follows: 

 

Component Fugacity Coefficient 

The fugacity coefficients for Hydrogen (H2), Nitrogen 

(N2) and Ammonia (NH3) were determined using the 

expressions given by Dyson and Simon (1986) as: 

 

 
    (14) 

 

 
                                                                                      (15)                       

  

 
       (16) 

    

Reaction Rate Constant 

The rate constant for the reverse reaction was obtained 

using the Arrhenius relation with values for the synthesis 

reaction given by (Dashtiet al., 2006): 

    (17) 

Where: 

K0 =  Arrhenius coefficient; (8.849 x1014) 

E= Activation energy with temperature its mean value is 

40765 Kcal/kmol 

R=Universal Gas constant R (8.314 kJ/kmol.K) 

 

 

 

Equilibrium Constant Ka 

The equilibrium constant was obtained using the 

expression in Dashti et al. (2006): 

 
        (18)  

Effectiveness Factor (η)  

The effect of temperature, conversion on the length of 

catalyst bed was accounted for by the expression given by 

(Babu and Reddy, 2012): 

 
                                 (19) 

The coefficients for this equation are given by Babu and 

Reddy (2012). 

 

Specific Heat Capacity 

The specific heat capacity of the reactant gas mixture was 

obtained using the equation: 

    (20) 

Where: yi = mole fraction of component i,  

            Cpi = specific heat capacity of component i 

 

The heat capacities of the components of the reactant 

gases were obtained with the expression by Elverse et al. 

(1993): 

       (21) 

Where ai bi ci and di are constants with values given in 

table 1. 

The heat capacity of  the product (ammonia) was obtained 

with the equation in Elverse et al. (1993) 

 

 
 (22) 

Heat of Reaction 

The equation developed by Mahfouz et al. (1987) was 

used to calculate the exothermic heat of reaction. 

 

 
                   (23) 

 

Determination of Feed Properties and Operating 

Conditions 

Feed composition and converter bed properties from an 

industrial ammonia converter (Notore Chemical Industry) 

at Onne in Rivers State, Nigeria are given in tables 2 and 

3.  
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RESULTS AND DISCUSSION  
 

The results obtained from the solution of the model 

equations are presented as follows: 

 

Fractional Conversions along the Reactor Beds 

The fractional conversion of the limiting reactant (N2) 

along the catalyst beds is shown in figure 3. 

 

Figure 3 shows that the conversion of the limiting reactant 

(Nitrogen) increases along the length of the reactor from 

catalyst BED 1 to BED 4as a result of the reaction of the 

reactants (N2 and H2) to form the product (NH3). 

 

Reactants/Product Concentrations 

The concentrations of the reactants and product across 

each catalyst bed are shown in figure 4. 

 

Figure 4 shows that the concentrations of the reactants 

(N2 and H2) decreases steadily as they are being converted 

into the product (NH3), while the concentration of the 

product (NH3) increases from its initial value as it is being 

formed as the reaction proceeds along the length of the 

reactor beds.  
 

Temperature Profile 

The temperature progression along the four catalyst beds 

using industrial inlet temperatures of each bed and model 

prediction of effluent concentrations of preceding bed is 

shown in figure 5. The temperature along each bed 

increases due to the exothermic reaction of ammonia 

synthesis leading to the release of heat. 

Model Validation  

The comparison of model predictions of ammonia 

converter outputs (exit concentrations of ammonia, 

nitrogen, hydrogen and temperature of bed 4) and 

industrial plant outputs are shown in Table 4. 
 

Table 4 shows that the maximum deviation between 

model prediction and industrial plant outputs is 6.7%. 

Hence the models developed matched the industrial 

converter accurately and can be used for simulation 

studies of the ammonia converter. 
 

The model prediction of the outlet bed temperature was 

very close to the industrial plant value with a deviation of 

1.5% as the temperature was re-initialized at the entrance 

of the second and third beds using actual industrial data 

hence the error from the previous bed was not propagated 

across subsequent beds. However the model prediction of 

the concentration of reactants and product had a 

maximum deviation of 6.7% as the exit concentration of 

the preceeding bed was the entry to the next bed resilting 

in the propagation of the error across the beds.  

 

PROCESS SIMULATION 
 

The 1
st
 catalyst bed was selected for simulation studies 

because the products from catalyst beds 1 and 2 were 

quenched (cooled) while the products from bed 3 were 

heated before entering the successive beds respectively. 

 

Effect of Feed Flow Rate 

The influence of feed flow rate on the converter 

performance is presented in figures 6 and 7. When the 

Table 1. Coefficients of Cp polynomial for feed components. 

 

 Component 

 H2 N2 CH4 Ar 

A 6.952 6.903 4.75 4.9675 

b x 10
2
 -0.04567 -0.03753 1.2 - 

C x 10
5
 0.095663 0.193 0.303 - 

d x 10
5
 -0.2079 -0.6861 -2.63 - 

 
Table 2. Feed Composition. 

 

FEED COMPOSITION (%mole)  FLOW RATE  

H2 N2  CH4  NH3  Ar   H2/N2 FEED (Kg/Hr) N2 (Kmole/hr) 

63.32 21.01 10.48 2.08 3.11 2.78 289661 5828 

  

Table 3. Ammonia converter Bed Properties. 

 

  BED #1 BED #2 BED #3 BED #4 

INLET TEMPERATURE 439 
o
C 448

 o
C 412

 o
C 453

 o
C 

VOLUME (M3) 9.2 11.9 17.8 25 

Reactor Diameter 9’8” (2949mm) 

Reactor Pressure 122.44 Bar  (120.84 atm) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2.                 MISSING 
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feed flow rate is increased, its velocity increases 

(reactants move faster) and the contact time of the 

reactants with the catalyst is reduced, resulting in a 

decrease in conversion and more reactants leaving the bed 

un-reacted. These trends the model predicts as shown in 

figure 6 where the reactants concentration increased 

slightly, the product (ammonia) concentration and 

conversion decreased with increase in feed flow rate. The 

decrease in conversion results in a decrease in exothermic 

heat released as reaction proceeds and subsequent 

reduction in bed temperatures. This trend model predicts 

as shown in figure 7. 

 

Effect of Feed Temperature 

The effects of feed input temperature into BED 1 on the 

performance of the converter are shown in figure 8.  

 

For an exothermic equilibrium reaction such as ammonia 

synthesis, Le Chetalier’s principle predicts that when 

there is a reduction in feed temperature, the system will 

Table 4. Comparison of plant data with model results. 

 

S/N PARAMETER PLANT DATA MODEL RESULT %DEVIATION 

1 NH3(Mole %) 11.50 11.81 2.7% 

2 N2(Mole %) 18.19 19.46 6.7% 

3 H2 (Mole %) 54.90 53.17 3.2% 

4 Outlet Temperature (K) 754 754.87 1.5% 
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Fig. 3. Fractional Conversion of N2along the catalyst bed length. 
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Fig. 4. Concentration (mole percent) of reactants and product along catalyst beds. 
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adjust to annul the effect of this change, which is towards 

the production of more heat hence the equilibrium shifts 

to the right leading to the production of more ammonia. 

Similarly, when feed temperature is increased, the 

reaction rate is increased, but equilibrium shifts to the left 

resulting in decreased conversion of reactants and lower 

yield of ammonia. These trends the model accurately 

predicts as shown in figure 8. 

 

The rates of reaction at low temperatures are extremely 

slow and catalyst deactivation leading to loss of iron 

surface area and activity is reported (Yeet al., 2001) to 

occur by thermal sintering at high temperature. Therefore, 

in practice a temperature range of 400-500
o
C is a 

compromise designed to achieve an acceptable yield of 

ammonia within an acceptable time period (Nikolaet al., 

2010).  

 

Effect of Input Pressure 

Figure 9 shows the effect of input pressure of the feed on 

conversion and the reactant and product concentration. 

 

The Ammonia synthesis reaction proceeds with a 

reduction in gas molecules (volume). According to Le 

Chetalier's Principle if the pressure of the converter is 

increased, the system adjusts to reduce the effect of this 

increase, that is, to reduce the pressure by having fewer 

gas molecules. Hence equilibrium shifts to the right 

resulting in higher conversion of reactants (decrease in 

concentration) and higher yield of ammonia. Higher yield 

 
Fig. 5. Temperature profiles along catalyst beds. 

 
 

Fig. 6.  Effect of Feed Flow rate on concentration and conversion. 
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of ammonia means an increase in exothermic reaction 

leading to the release of more heat and resulting in an 

increase in outlet temperatures. Similarly, a decrease in 

pressure causes the equilibrium to shift to the left 

resulting in lower conversion of reactants and lower yield 

of ammonia; that is, a decrease in exothermic reaction 

resulting in a decrease in outlet temperatures. These 

trends the model accurately predicts as shown in figures 9 

and 10 respectively. Although high pressure favors higher 

conversion, containing larger amounts of materials at high 

pressures are extremely difficult (Yeet al., 2001), 

therefore relatively low pressures are used industrially.  

 

CONCLUSION 

 

Model equations were developed from first principles by 

performing material and energy balances on the converter 

to obtain one dimensional model equations that were used 

to predict the conversion and temperature variations 

within the catalyst bed of an ammonia converter. The 

developed models consisted of two coupled ordinary 

differential equations with a host of other 

algebraic/polynomial equations for determining various 

parameters in the models. The model equations were 

solved numerically using the 4
th

 order Runge-Kutta 

algorithm implemented with MatLab ode45 solver. Data 

from an industrial ammonia converter at Notore - a 

chemical industry that produces urea and other 

nitrogenous fertilizer from ammonia, located at Onne in 

Rivers state, Nigeria were obtained and used in solving 

the model equations. The results obtained from solutions 

to the models were compared with output plant data of  

the ammonia converter and a maximum deviation 

between outputs from solved models and actual plant data 

 
 

Fig.7.  Effect of Feed Flow Rate on Outlet Temperatures. 

 
Fig. 8. Effect of Input Temperature on conversion and reactants concentration. 
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of 6.7% was obtained. Having validated the models, the 

models were used to simulate the ammonia converter. 

Parameters such asfeed flow rates, input/quench stream 

temperatures, and pressures into the first catalyst bed 

(BED #1) were simulate to investigate their effect the 

performance of the converter. Consequently, the effect of 

these variations on conversions, outlet temperature 

progression and reactants/product mixture concentrations 

along the reactor beds were determined.  

 

NOMENCLATURE 

A Cross sectional area 

ai activity of component i 

Ci Concentration of component i 

 Specific heat capacity of component i 

Cpmix Specific heat capacity of gas mixture (KJ/Kml) 

E Activation Energy 

Fio Initial flow rate of component i 

 Fugacity of component i 

 Reference fugacity 

K rate constant for the reverse reaction 

Ka Equilibrium constant 

Ko Arrhenius coefficient 

L Length of converter bed (m ) 

M Total mass flow rate 

Ni mole of component i 

NT Total moles of reactants and product 

P Operating Pressure 

Pi Partial pressure of component i 

PT Total Pressure 

R Universal gas constant 

Ri rate of reaction with respect to component i 

 
 

Fig. 9. Effect of Input Pressures on different parameters. 

 
Fig.10. Effect of feed input pressure on the outlet temperatures. 
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T Temperature 

U velocity reactant gases (m/s) 

X Fractional conversion of Nitrogen 

Yi mole fraction of component i 

 Heat of reaction 

 Effectiveness factor 

 Dimensionless fugacity coefficient of component i 
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APPENDIX1. Mole Model (Stoichiometric) Table. 

 

COMPONENT 

(symbol) 

INITIAL MOLAR 

CONC. (MOLE/Hr) 

AMOUNT OF REACTANT 

USED /PRODUCT 
PRODUCED 

EXIT MOLAR CONC. 

 

MOLE FRACTION (yi) 

(N2) FYN2,0 -FXYN2,0 F(YN2,0-XYN2,0) 

0,2

0,2

21

)1(

N

N

XY

XY




 

(H2) FYH2,0 -3FXYN2,0 F(YH2,0 -3XYN2,0) 

0,2

0,20,2

21

3

YN

YXY NH




 

(CH4) FYCH4,0 0 FYCH4,0 

0,2

0,4

21 N

CH

XY

Y


 

(Ar) FYAr,0 0 FYAr,0 

0,2

0,

21 N

Ar

XY

Y


 

(NH3) FYNH3,0 2FX YN2,0 F(YNH3,0 + 2XYN2,0) 

0,2

0,20,3

21

2

N

NNH

XY

YXY




 

Total 

 0,2

5

1

21)( N

i

i XYFY 

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ABSTRACT 
 
In this study polypropylene samples doped with varying levels of Mg, Ti and Zn were subjected to leaching under 
different pH conditions for a period of six months. Laser ablation and SEM techniques were used to investigate the 
samples in order to verify the presence of metals in the matrix. The leachates were subsequently analyzed by ICP-MS 
and the data were processed to compute the reaction kinetics.  It was found that for all three metals of interest the 
leaching process was governed by first-order kinetics. The rate constant for the leaching reaction was noticeably low 
denoting that metal migration from polypropylene is protracted and does not particularly constitute a potential hazard. 
Significant differences between the leaching behavior of Ti and Mg/Zn from the polypropylene matrix were observed. 
The mechanism of the leaching process was considered to be analogous to aqueous degradation of polymorphic crystal 
structures of the embedded dopants. 
 
Keywords: ICP-MS, SEM, polymers, metal leaching, laser ablation.  
 
INTRODUCTION 
 
Polymeric materials (e.g. polypropylene) are commonly 
used for packaging fluids such as edible oil, water, fruit 
juices, medical implants and oral pharmaceutical 
solutions. These polymers often contain metal residues, 
which could migrate into the encapsulated product and 
affect its performance or increase its level of toxicity. 
Migration studies of this nature are known; however, the 
rates of such migration and evaluation of kinetic factors, 
such as reaction order, have not been previously explored 
in depth. Leaching of metals from polymeric materials 
has always been a subject of interest. It is known that 
metals leach out of polymers under various conditions 
(Cheng et al., 2010). Sharp thermal changes and other 
physical and chemical factors are known to influence 
leaching of metals from polymers. Studies have been 
conducted on assessing leaching of individual metals, 
often those that are toxic (Keresztes et al., 2009). 
Nakashima et al, have studied the extent of toxic metal 
leaching from macro plastic litter on the Ookushi beach in 
southwestern Japan (Nakashima et al., 2012). Antimony 
is known to be used widely as a catalyst for poly-
condensation reactions in the production of polyethylene 
terephthalate used to make PET bottles. A significant 
amount of antimony is known to leach into beverages 
stored in PET bottles, which is a genuine health concern 
(Doremus, 1895). Polymers are also finding wider 
applications in packaging industries, replacing most or all 
of the metal containers. Various metals, mostly of the 
toxic nature are added to polymers as plasticizers, 

catalysts, stabilizing agents, processing aids and pigments 
(Takahashi et al., 2008; Teuten et al., 2009). Coe and 
Rogers (1997) investigated the effects of marine debris 
and leaching of toxic materials on marine life, which 
eventually led to toxins entering the food chain. A more 
recent study by Derraik (2002) has highlighted the fact 
that marine life is polluted by plastic waste which is seen 
widely dispersed in the oceans. A recent study was 
conducted by Nakashima et al. (2011) on heavy metals 
percolated from plastic litter washed on the shores. The 
study proved to be significant in revealing appreciable 
concentrations of Pb leaching out of pigments used in 
marine equipment widely employed in fishing vessels. 
Several biomedical applications employ polymeric metal 
complexes as implants and as aids for invasive techniques 
(Fraser and Fiore, 2008). Modified polymers also find 
their way into tissue engineering applications (He et al., 
2008). 
 
Several heavy metals enter the human food chain after 
leaching from polymeric materials. Some of them have 
the potential to accumulate in specific target organs such 
as kidney and spleen and end up as the root cause of 
various diseases (Stemmer, 1976). Studies have also 
revealed that entire regions have been affected by heavy 
metal contaminations and large parts of the population in 
these areas have fallen victim to such environmental 
hazards (Chen et al., 1994 ; Buschmann et al., 2008). 
 
Development of certain kinetic factors associated with 
percolation (leaching) of metal components from 
polymeric material is relatively unexplored. Studies on 
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kinetics of leaching will provide a comprehensive insight 
into the effect of some variables, such as dopant level and 
pH of the fluid medium, on the rate of migration of metal 
species from polymeric materials. Significant parameters, 
such as the reaction order and rate constant, could be 
obtained to provide useful information in assaying any 
potential hazard that could be linked to such leaching 
processes. Much of the available literature documents 
trace metal levels in selected fluid samples arising from 
polymer material under ambient conditions without any 
valid consideration of kinetics. No serious record exists of 
kinetics of leaching as a function of pH and dopant level 
and a simulated study of this nature would be of 
considerable practical interest. 
 

Our work entails a simulated study to determine kinetics 
of heavy metal leaching from a polymeric matrix. The 
primary objective of this research reported here is to use 
an inductively coupled plasma mass spectrometer to 
indirectly determine specific kinetic parameters, such as 
the rate constant and reaction order, for heavy-metal 
percolation of polypropylene as a function of dopant level 
and pH of aqueous medium. 
 
MATERIALS AND METHODS 
 

Preparation of polymer samples   
The samples for this study were prepared using a base 
homopolymer (HE445FB), obtained from Borealis, Linz 
(Austria), with standard characteristics of melt flow rate 
9.2 (g/10min) and molecular weight 42.08 (g/mol). In 
preparing the compounded materials, the melt flow rate 
was measured using a Zwick B4106 melt flow rate 
machine employing the ISO1133 method (Pillay et al., 
2010). A Prism TSE 24 twin screw extrusion machine 
was employed to prepare the compounded material, 
maintaining the extrusion conditions of 230°C; the 
material was further dried and pelletized (Pillay et al., 
2010). Three different mineral fillers (dopants) were used 
individually in samples (titanium oxide; zinc oxide; and 
magnesium oxide). These metal dopants were selected 
because they are common components in catalysts and 
reagents linked to polymer synthesis (Williams et al., 
2003; Manzi-Nshuti et al., 2009). For our study we used 
samples loaded with 3 and 10% zinc (II) oxide, titanium 
(IV) oxide and magnesium (II) oxide. Finally, tiles of 
60x60x2mm of the different compounded materials were 
prepared using a Ferromatic Milacon FM60 injection 
molding machine. Each tile was cut into four thin slices 
measuring 60x14x2 mm, approximately, prior to 
submerging in the leaching medium. The tiles were also 
washed thoroughly and rinsed in de-ionized water to get 
rid of surface contaminants, prior to the leaching process. 
 
Leaching Study 
Aqueous media of pH 3, 7 and 10 were prepared using 
Type 1 de-ionized water (Siemens Ultraclear). 50mL 
polypropylene tubes with screw caps (VWR Scientific) 

served as sample jars to hold doped polypropylene 
samples immersed in the relevant medium. Jars were pre-
washed using 6M HNO3 and further rinsed with de-
ionized water to purge them of any possible metal 
contamination. Each sample was kept individually in the 
leaching solvent of pH 3, 7 and 10 for 24 weeks. Samples 
were handled using non-metallic forceps to avoid metal 
contamination. The solvent media were maintained at 
room temperature (between 20 and 24°C) and the tubes 
were shaken for a period of two hours in a flask shaker, 
once every two days. At the end of each designated time 
span, the polymer samples were removed from the 
leaching solvent. Leachates were stored under refrigerated 
conditions prior to analysis.  
 
Instrumentation 
An ICP-MS (Perkin Elmer SCIEX DRC-e) with an 
integrated reaction cell (Fig. 1) was used to analyze the 
polymer samples and to quantify the leached metals. A 
New Wave UP-213 laser ablation system operating at a 
wavelength of 213nm was used as the front end of the 
ICP-MS for the surface characterization of the polymer. 
While analyzing the leachates, an aqueous sample 
introduction system fitted with a Scot spray chamber was 
employed as the front end of the mass spectrometer. The 
polymer plaques were cut to fit into a special sample 
holder with dimensions 5cm x 5cm. No serious pre-
treatment was necessary prior to irradiation. Samples 
were subjected to 213-nm laser irradiation along a 16-
point grid, each point separated by a distance of 1.0mm. 
The level of the beam energy was 30%, with a fluence of 
approximately 3 J/cm2. The laser was programmed to 
scan the grid 5 times, recording measurements after each 
ablation. The analytical performance of the instrument 
was satisfactory producing relative standard deviations 
(RSD) <5% for repeated measurements on a certified 
standard (Table 1). Surface characterization of the 
polymer samples was carried out using a scanning 
electron microscope (FEI Quanta 200 fitted with Inca x-
sight SEM detector from Oxford Instruments, UK) to 
confirm surface profiles of metals. 
 
RESULTS AND DISCUSSION 
 
Surface characterization / Laser ablation / SEM  
Characterizing polymer surfaces in terms of metal 
distribution could be used to evaluate homogeneity (Pillay 
et al., 2010) and also to establish where the embedded 
metals are located in the polymer itself. They may be 
concentrated on the surface or are they ingrained within 
the polymer matrix? In some cases high surface purity is 
necessary to obviate the possibility of extraneous 
ingrained metals migrating into the environment 
associated with the polymer – especially if it is used to 
encapsulate solutions, such as jet-oil and body fluids. In 
this respect the metal impurity (dopant) could itself play 
an intricate role in its distribution. As the polymer 
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solidifies, some metals with greater mobility and affinity 
for the matrix could find themselves bound within the 
matrix. Others with fewer predilections to remain 
ingrained could migrate to the surface. The location of 
metal particles, therefore, depends not only on mixing but 
the potential of some metals with the capacity to remain 
ingrained. Laser technology has the unique capability of 
scanning micro-surfaces in polymer material to locate 
impurities. The laser technique had been successfully 
employed by the authors in an earlier study (Pillay et al., 
2010). It is not possible for the matrix to be completely 
devoid of metal impurities, therefore, the laser could be 
useful for developing surface profiles. 
 
 In this work, the SEM and laser ablation studies were 
conducted in order to establish the random existence and 
distribution of metals on the surface. When dopant is 
mixed in the polymer, the mixing itself could be 
imperfect and may lead to depleted surface levels, or no 
metals on the surface - which is unlikely. This study is an 
attempt to establish this premise scientifically using 
SEM /laser ablation techniques. Figure 2 portrays the 
spectral trends in metal distribution (for Ti, Mg and Zn) 
across the polymer surface. Strong and weak lines in 
figure 2 delineate corresponding elevated and diminished 

metal levels on the surface, underscoring the point that 
these dopants are arbitrarily dispersed. Paper-thin slivers 
(10µm) of the three samples were subsequently examined 
using a scanning electron microscope (SEM), to re-
confirm the irregular distribution of the selected metals 
(Fig. 3). Analysis of the results presented in figures 2 and 
3 shows that the SEM images support the laser ablation 
study. The uneven heights of the peaks in the ablation 
spectra (Fig. 2) and the speckled SEM frames in figure 3 
clearly establish the random distribution of metals on the 
surfaces of the samples of interest. 
 
Kinetics of leaching 
Tables 2a and 2b present the metal concentrations of the 
samples subjected to progressive leaching activity over 
the designated period of 24 weeks. These values (obtained 
by ICP-MS) show sharp differences – by more than a 
factor of 5 in some cases - for Mg and Zn compared 
individually at the 3 and 10% dopant level. This indicates 
that the rate of leaching rose markedly with increased 
dopant level. Such pronounced differences were not 
observed with Ti, with leaching levels remaining about 
the same for both the 3 and 10% samples. This anomaly 
may be attributed to polymorphism as discussed below; or 
possibly due to cluster formations that coalesced Ti and 

 
 

Fig. 1. Schematic of the ICP-MS depicting the laser ablator. 
 
Table 1. Instrumental precision (µg/L) using a multi-elemental quality control sample (20ppb) [Fluka 70007]. 
 

Measurement Be V Cr Mn Ag Cd Ba Tl Pb U 
1 20.04 20 18.63 20.01 20.76 19.77 21.11 20.91 20.06 20.23 
2 20.78 21.4 20.08 20.35 19.92 20.18 21.5 20.6 19.99 20.87 
3 21.75 19.82 18.82 18.78 19.92 18.6 20.46 20.44 20.76 21.01 

Mean ± RSD 20.9 ± 
4.1% 

20.4 ± 
4.2% 

19.2 ± 
4.1% 

19.7 ± 
4.2% 

20.2 ± 
2.4% 

19.5 ± 
4.2% 

21.0 ± 
2.5% 

20.7 ± 
1.2% 

20.3 ± 
2.1% 

20.7 ± 
2.0% 
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the polymer chain, thus hindered leaching. The general 
trends associated with leaching of the metals of interest 
are illustrated in figures 4-6. It is clear that in each case 
the process is more pronounced with progressive 
decreases in pH values. As mentioned earlier, the data 
show evidence of a higher percolation rate with increased 
dopant level. Among the selected metals, plots for Mg 

and Zn (10%) displayed the most prominent rates of 
leaching (Figs. 5 & 6) suggesting that magnesium and 
zinc bearing catalysts and reagents should be used 
sparingly for preparation of polymers. The plots for Ti 
were interesting and reflected percolation levels about an 
order of magnitude lower than those recorded for Mg and 
Zn.  This unexpected outcome for Ti suggested complex 

 

 
Fig. 2. Spectra of metal distribution at points on the polymer surface (using laser ablation). 

 
Fig. 3. SEM images of metal distribution on polymer surface. 
 
Table 2a. Metal concentration in the leachate during a span of 24 weeks (3% doping). 
 

Ti (ppb) Zn (ppb) Mg (ppb) Weeks pH 3 pH 7 pH 10 pH 3 pH 7 pH 10 pH 3 pH 7 pH 10 
4 3.28±0.07 2.66±0.10 3.19±0.13 651±15.5 207±2.45 18.6±0.44 616±21.0 269±10.8 426±17.6 
8 4.31±0.13 2.84±0.08 3.23±0.13 767±25.2 316±13.6 18.2±0.59 637±26.5 353±11.6 563±24.2 

12 4.69±0.19 3.08±0.09 4.09±0.13 823±33.1 313±9.75 22.5±0.96 711±23.7 370±8.3 673±23.4 
16 4.92±0.14 3.96±0.17 4.36±0.10 910±34.1 498±14.2 37.9±1.56 777±39.0 441±15.2 704±19.9 
20 4.87±0.17 4.33±0.10 4.68±0.19 968±37.0 560±7.90 182.8±7.72 820±30.5 452±5.52 739±17.2 
24 4.77±0.11 4.62±0.17 4.82±0.11 895±28.7 599±16.3 233.1±9.49 876±24.3 477±15.1 752±18.6 

 
Table 2b. Metal concentration in the leachate during a span of 24 weeks (10% doping). 
 

Ti (ppb) Zn (ppb) Mg (ppb) Weeks pH 3 pH 7 pH 10 pH 3 pH 7 pH 10 pH 3 pH 7 pH 10 
4 3.7±0.12 2.28±0.05 2.60±0.08 2671±107.6 745±24.8 20.03±0.56 2447±85.2 2094±84.2 823±35.2 
8 4.31±0.17 2.95±0.10 3.48±0.15 3404±112.0 1333±55.4 28.99±0.84 2578±110.6 2250±70.2 937±30.2 
12 4.53±0.10 3.38±0.11 3.69±0.10 3641±116.8 1585±43.9 79.78±2.97 2947±72.9 2495±55.1 1202±49.0 
16 4.66±0.10 3.39±0.12 4.13±0.12 4083±152.8 2213±110.9 534±22.8 3110±88.3 2607±72.0 1303±53.7 
20 4.97±0.21 3.86±0.05 3.93±0.06 4129±157.8 2599±96.7 1300±29.1 2883±67.2 2745±94.7 1393±58.8 
24 5.01±0.21 4.13±0.17 4.27±0.05 4098±97.2 2666±90.9 1655±61.6 3527±145.2 2955±65.0 1544±36.6 
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crystal structures that hindered degradation; or the 
possibility that the metal itself could be tightly entrenched 
within the polymer matrix (Smolensky et al., 2005; 
Ulrich, 2001) which played a role in inhibiting the 
leaching process. Titanium resembles the electron 
configuration of carbon ([Ar] 3d2 4s2) and this feature 
could have contributed to “melding” the metal within the 
matrix leading to inorganic-organic hybrid cluster 
formations. Earlier studies also point to the possibility of 
this metal-melding phenomenon (Smolensky et al., 2005 
;Ulrich. 2001). However more extensive studies are 
required to establish this particular hypothesis. 

The mechanism of the leaching process was considered to 
be analogous to the degradation of crystal structures in 
aqueous media (Koutsoukos et al., 2007). The dopants 
used in this study were in the form of metal oxides, which 
contain the very reactive O2- ion that is highly attracted to 
the metal ions in crystal lattice structures. Magnesium 
oxide, for example, consists of a structural arrangement of 
Mg2+ ions and O2− ions held together by ionic bonding in 
an octahedral geometry (Zhu et al., 2013). Zinc oxide 
exists in dual polymorphic structures: hexagonal and 
cubic symmetries (Fierro,  2006). Titanium oxide exists in 
multiple polymorphic structures: hexagonal, 

 

 

 

 
Fig. 4 

 

 

 

 
 

Fig. 5 
 

 

 

 
Fig. 6 

 
Figs. 4-6. Concentration-time plots of metal levels in leachates conforming to first-order kinetics.  
(a), (b) = 3%, 10% dopants, respectively. 
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orthorhombic and monoclinic arrangements (Marchand et 
al., 1980; Latroche et al., 1989; Akimoto et al., 1994). 
Degradation (or leaching) of crystals in acidic media is 
related to the complexity of the structure and its 
polymorphic forms (Fierro,  2006). Leaching levels tend 
to be lower in the presence of more complex polymorphic 
structures (Fierro, 2006). This phenomenon agrees with 
our data in figures 4-6 where Mg levels in leachates were 
highest, and Ti lowest, reflecting the trend in 
polymorphism. This also accounted for the differences in 
the recorded data between Ti and the other metals. 
Clearly, in acidic media affinity of O2- for H+ will 
increase with decreasing pH of the medium, resulting in 
elevated leachate levels, as reflected in the plots in Figs 4-
6. Hence the mechanism is pH-dependent, leading to 
enriched leachates as a function of pH.    
 
For metals complexed within the solid matrix (Smolensky 
et al., 2005; Ulrich, 2001) an interesting mechanism 
advanced by Abbu et al. (2000) proposes displacement of 
the metal ion by H+, leading to augmented leachate levels 
with decreasing pH as depicted in figures 4-6. Again, 
according to this proposed mechanism, the leaching 
process is pH dependent. And, for highly charged metal 
ions tightly coalesced within the solid matrix (e.g. Ti4+), 
displacement will be harder, thus leading to 
corresponding diminished leachate levels, as is the case 
for Ti (Fig. 4) which is significantly different from Mg/Zn 
data. 
 
Within experimental limits the plots in figures 4-6 are 
linear, thus fulfilling first-order kinetics (Chang, 2010). 
The rate constants were determined from the 
corresponding slopes, and are roughly 0.01 wk-1 for all 
samples. This rate constant is particularly low indicating 
that the process is distinctly protracted for polypropylene, 
the polymeric material investigated in this study. It is 
important to point out that the dopant levels used in this 
study had to be high and distinct enough to determine the 
order of the leaching reaction. Therefore these levels were 
deliberately kept high, with appreciable differences in 
concentrations, so that significant data could be generated 
to establish the order of the metal leaching process. If the 
dopant levels were in the ppm range (for example) the 
effect would not have been sufficiently pronounced and 
perhaps not even observable. This is why kinetic studies 
of this nature remain underexplored. 
 
CONCLUSION 
 
Our study has established that metal leaching from 
polymeric material is pH dependent and of the first order. 
This has implications for liquids and food products 
encapsulated in polymer containers. Lower pH values 
tend to induce accelerated rates of percolation. The 
observed leaching trends for Mg/Zn impregnated samples 
were similar and could be representative of most heavy 

metals. However, Ti doped samples did not leach easily 
suggesting that either its multiple polymorphic structures 
inhibited the leaching process; or Ti could be intrinsically 
bound to the polymer chain. This latter phenomenon was 
considered anomalous and could form an interesting 
subject for future study, especially if titanium as a dopant 
forms inorganic-organic hybrid clusters. This suggests 
that the use of additives and catalysts based on Mg and Zn 
should be avoided for the production of this type of 
polymers, especially if such materials are intended for use 
in critical applications such as liquid food packaging and 
medical applications.  
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ABSTRACT 
 
Experimental modeling has over the past three decades been used in analyzing simultaneous heat and mass transfer in 
thin-liquid falling-film absorption processes. However, numerical modeling applications in this area have been minimal 
due to complications arising from the presence of waves. An approach in numerical modeling is to consider waves as a 
second order effect, thereby making it a smooth falling-film. The objective of this paper was to develop a numerical 
model for the absorption process on a thin-liquid smooth falling-film using lithium bromide (LiBr) and lithium chloride 
(LiCl) solutions. The absorption process of a thin-liquid smooth falling-film was considered as a two-dimensional steady 
laminar flow within the film thickness to the absorber wall. The conservation equations were used to determine 
temperature and concentration distribution within the film-thickness using the finite difference technique. Existing data 
on LiBr and LiCl solutions in the literature were used to validate the developed model. Standard values of absorber wall 
length, film thickness, solution mass flow-rate, absorbent inlet concentration, inlet temperature, absorber wall 
temperature, conventional film Reynolds number and absorption design effectiveness were used for both LiBr and LiCl 
solutions. Data were analyzed using descriptive statistics and student’s t-test (p<0.05). The physical properties 
distribution for both LiBr and LiClsolutions were not significantly different from published results available in the 
literature(p<0.05). The nodal temperature distribution obtained within the film thickness both in the bulk and interface 
between the liquid and vapour regions were between 44.4 and 35.0oC while concentration was between 60.0 and 54.5% 
for LiBr-H2O. Similarly for LiCl-H2O, the model temperature distribution was between 35.0 and 30.0oC while the 
concentration was between 45.0 and 35.8%.A numerical model on a thin-liquid smooth falling film using LiBr and LiCl 
solutions was developed. Lithium bromide was also observed to have higher concentration values than lithium chloride 
thus suggesting a better working fluid combination especially in the absorption air-conditioning system.  
 
Keywords: Absorption refrigeration, lithium bromide, lithium chloride, air-conditioning. 
 
INTRODUCTION 
 
Energy conservation and environmental safety in recent 
years, have become a thing of global concern due to the 
increasing energy prices and the consequent 
environmental impact. The current imbalance of energy 
demand and supply coupled with the environmental 
degradation in many developing countries has further 
increased the urgent need for highly efficient and 
sustainable energy technologies. The worldwide demand 
for this phenomenon has prompted the emergence of new 
technologies in many areas of the global economy, such 
as in the cooling system development sector. Basically, 
cooling system may be divided into two categories:vapour 
compression and sorption systems. The vapour 
compression system involves the use of a compressor for 
the compression process. Sorption system can be sub-
divided into absorption and adsorption systems; an 
absorption system is simply the replacement of the 

traditional compression with a thermo-chemical fluid 
lifting process.  In other words, it is the mixture of a gas 
in a liquid, the two fluids present a strong affinity to form 
a solution, while adsorption is a process that occurs when 
a gas or liquid solute accumulates on the surface of a solid 
or more rarely, a liquid (adsorbent) forming a molecular 
or atomic film (adsorbate). However, in the 
manufacturing of the cooling machine/system, the global 
demand for efficient use of energy at minimum 
environmental cost has necessitated the increased demand 
for absorption refrigeration systems driven by waste heat 
or solar thermal energy instead of conventional systems 
driven by electrical energy. In the absorption process, heat 
and mass transfer usually take place within a thin-liquid 
falling-film. Heat and mass transfer in thin-liquid falling 
film absorption process has received the attention of many 
researchers over the years especially in the last two 
decades.  This is as a result of its wider application in 
many modern devices such as absorption air-conditioners, 
absorption chillers, absorption heat pumps etc (Yang and 
Wood, 1992). *Corresponding author email: m.odunfa@mail.ui.edu.ng 
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Many researchers such as Andberg (1983), Grossman 
(1983) and Andberg and Vliet (1983) have approached 
the study of this area using various modeling techniques 
which may be categorized either into (i) numerical or (ii) 
experimental.Numerical methods (including finite 
element, finite difference, boundary element, Monte Carlo 
technique and vortex methods etc.) have been developed 
over many decades and are still being developed to 
effectively tackle many engineering problems. These 
methods may be categorized into two: deterministic 
approach and probabilistic approach.  Probabilistic 
methods such as Monte Carlo and vortex element 
techniques make constant recourse to random numbers 
while finite element, finite difference and boundary 
element techniques are deterministic in nature. 
 
Several works have been carried out on modeling with 
experimental data of heat and mass transfer in thin-liquid 
falling film absorption while there are relatively few 
studies on numerical modeling of the problem. For 
instance, the technical feasibility of driving a lithium 
chloride-water solution absorption-cooling unit by a low-
temperature heat source (such as solar energy using a 
simple flat-plate collector) for air-conditioning 
applications was thoroughly investigated by Ali and El-
Ghalban, 2002. The operating characteristics of the unit 
were extensively investigated and the Coefficient of 
Performance (COP) of the unit was found to be 19% as 
against the expected designed value of 21%. Safarik et al. 
(2004), also carried out an experimental modeling on a 
solar power absorption chiller with low capacity using 
lithium bromide-water solution as the working fluid. The 
field test carried out at three sites in the summer of 2003 
after the prototype test in this experimental modeling 
showed that the absorption chiller works reliably and 
flexibly over a wide range of external conditions. 
Abdelmessih et al. (2004) experimentally investigated the 
use of non-traditional absorbent/refrigerant pairs such as 
ethylene glycol-water in an absorption refrigeration cycle. 
The investigation was successful in replacing the 
traditional hazardous absorbent/refrigerant pairs with a 
safe working fluid (ethylene glycol-water pair). Yaxiu et 
al. (2008) also experimented a compact solar pump-free 
lithium bromide absorption refrigeration system equipped 
with a second generator, a falling-film absorber, a falling-
film evaporator and an efficient luminate thermosiphon 
elevation tube. The experiment confirmed a 48.5% 
increase in the COP.The numerical modeling is 
complicated by the presence of the waves in the falling 
liquid-film; an approach in numerical modeling is 
therefore to consider waves as a second order effect, 
thereby, making it a smooth falling-film. This smooth 
falling film absorption approximation has been more 
popularly investigated,the earliest of such being the work 
of Grossman (1983). The work was even considered 
complicated in formulation due to the restriction of the 
model to the case with the inlet absorbent temperature 

being equal to that of the wall. Andberg and Vliet (1983) 
also investigated the smooth falling-film absorption under 
laminar flow using a different model from the work of 
Grossman (1983), it was also considered most 
sophisticated and somewhat too complicated in 
formulation.  
 
In Yang and Wood (1992), the finite difference approach 
was adopted to develop a simple, smooth-film absorption 
model using LiCl-H2O and LiBr-H2O systems with 
Reynolds number of 2.7, 27 and 100. The model handles 
various initial/boundary conditions and gives solutions 
similar to the earlier work of Grossman (1983) and also 
with experimental data. Ghaddar et al. (1996) modeled 
solar lithium bromide absorption system performance in 
Beirut using a simulated computer program; the result 
shows that for each ton of refrigeration, it is required to 
have a minimum collector area of 23.3m2 with an optimal 
water storage tank capacity ranging from 1000 to 1500 
liters for the system to operate solely on solar energy for 
about seven hours a day. The energy use in cooling was 
also found to be of function of solar collector area and 
storage tank capacity. Based on the economic assessment 
performed on the current cost of the conventional cooling 
system, it was also found that the solar cooling system is 
marginally competitive only when combined with 
domestic water heating Ghaddar et al. (1996). An 
overview of the performance assessment of a developed 
prototype low capacity (10kw) solar assisted lithium 
bromide absorption heat pump (AHP) coupled with a sub-
floor system with the use of a commercial simulator 
known as TRNSYS was carried out by Argiriou et al. 
(2005). The assessment was done for two building types 
(high and low thermal mass) in three climatic conditions 
with different types of solar collectors, hot water storage 
tank sizes and different control systems for the operation 
of the installation. The results indicated that the estimated 
energy savings against a conventional cooling system 
using a compression type heat pump was in the range of 
20-27%. In Bruno et al. (2004), Ammonia-water-sodium 
hydroxide mixtures absorption refrigeration plant was 
modeled using a commercial process simulator “Aspen 
Plus 2003”. It was found that the system performance is 
notably increased (lower driving temperature and higher 
COP). 
 

However, Fernandez et al. (2005) solved the simultaneous 
heat and mass transfer equations in Ammonia-water 
absorption system using finite difference approach. The 
results established the expected typical range of values 
xvb< z < ∞or – ∞ < z < xLb and xLb< z < xvi for mass 
transfer against temperature variations in different 
components of the plant such as absorber and evaporator; 
where  are defined as ammonia molar 
concentration, ammonia to net molar flux transferred 
ratio, bulk conditions, liquid, liquid-vapour interface and 
vapour respectively. In Staicovici and Isvoranu (2005) 
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water-lithium bromide absorption/generation processes in 
a Marangoni Convection Cell (applied practical method 
by the thermal absorption technology in the past decades 
to significantly improve the absorption process) using the 
Two-Point Theory (TPT) of mass and heat transfer was 
modelled. The model established the capability of TPT 
approach in the Marangoni convection assisted water-
lithium bromide absorption process following the 
successful modeling of the ammonia-water absorption 
process. It also confirms Marangoni convection basic 
mechanism explanation in the case of the water-lithium 
bromide medium. Zohar et al. (2007) investigated the 
influence of diffusion in the ammonia-water Diffusion 
Absorption Refrigeration (DAR) cycle configuration on 
the system performance using a computer simulator 
known as Engineering Equation Solver (EES). The result 
reveals that DAR cycle without condensate sub-cooling 
shows higher COP of 14-20% compared with the DAR 
cycle with the condensate sub-cooling, but it occurs at a 
higher evaporator temperature of about 15oC.  
 
Niu et al. (2007) performed a numerical analysis of 
falling film ammonia-water absorption in a magnetic field 
using a computer program referred to as TDMA due to 
the tri-diagonal matrix formation of the equations after 
discretization. It was found that when the magnetic 
induction intensity at the solution’s inlet was 3Tesla, the 
increment in concentration of ammonia-water solution at 
outlet was 1.3%, the absorbability increased by 5.9%, 
COP of the absorption refrigeration system increased by 
4.7% and the decrement in circulation ratio was 8.3%. 
This establishes a positive effect on the ammonia-water 
falling film absorption to some degree. Kyung et al. 
(2007) further developed a water-lithium bromide 
absorption process model over a horizontal tube using 
finite difference approach. The model predicted a 
significant absorption in the drop formation regime with a 
considerable variation of temperature and mass fraction. 
Simulation of aqueous lithium bromide (H2O-LiBr) 
advanced energy storage system using finite difference 
method was carried out by Xu et al. (2007a, b). The result 
predicted the dynamic characteristics and performance of 
the system, including the temperature and concentration 
of the working fluid, the mass and energy in the storage 
tanks, the compressor intake mass or volume flow rate, 
discharge pressure, compression ratio, power and 
consumption work, the heat loads of heat exchanger 
devices in the system and so on. The result also indicated 
that the Integrated Coefficient of Performance (COPint) of 
the system was as high as 3.26 as against the expected 
value of 3.0 under the two storage strategies, while the 
isentropic efficiency of water vapour compressor was set 
as 60%. These results were found to be very helpful in 
understanding and evaluating the system as well as for 
system design, operation and control. Gustavo et al. 
(2008), studied a two-stage water-LiBr absorption chiller 

driven at two temperature levels using thermodynamic 
modeling technique. The study established that the 
machine can operate in summer as a double-stage chiller 
driven by heat at 170oC from natural gas, as a single-stage 
chiller driven by heat at 90oC from solar energy, or 
simultaneously in combined mode at both temperatures. It 
also established the capability of operating in winter in 
“double-lift” mode for heating with a driving heat at 
170oC from natural gas. In Balghouthi et al. (2008), 
model work on both experimental and numerical 
modeling of solar water-lithium bromide absorption air 
conditioning in Tunisian climatic conditions (36o latitude 
and 10o longitude, 400cal/cm2day average solar 
irradiation, and 3700h/year of the total insolation period) 
were conducted using the TRNSYS and EES programs. 
The model established that the absorption solar air-
conditioning system was suitable for Tunisia. Although, 
the system has a high initial cost, but with its advantage of 
near zero maintenance cost, the system could help to 
minimize fossil fuel-based energy use, reduce electricity 
demand on the national grid (especially at peak demand 
periods in summer), and eliminate the use of CFCs.  
 
The finite difference method has been applied much more 
than any other methods in the analysis of 
absorption/adsorption systems. Probabilistic or 
deterministic methods could also be used depending on 
the degree of accuracy required of the solution in 
comparison with the solutions obtained experimentally or 
analytically. This paper thus employs the finite difference 
method for establishing temperature and concentration 
distributions during the absorption process on a thin-
liquid falling-film in a cooling system using (H2O-LiBr) 
and (H2O-LiCl) refrigerants/absorbents combinations. 
Such an investigation would reveal sections of the 
absorber that need to be redesigned for optimal efficiency 
of refrigerant absorption by the absorbent. 
 
MATHEMATICAL MODEL 
Assumptions 
In formulating the model equations, the following 
assumptions are made. 
1. The flow is a fully developed smooth laminar flow in 

a steady state as shown in figure1. 
2. The fluid properties are constant and not varying with 

temperature and concentration. 
3. The mass rate of vapour absorbed is very small 

compared to the solution flow rate such that the film 
thickness and flow velocities can be treated as 
constant. 

4. Heat transfer in the vapor phase is negligible. 
5. Vapor pressure equilibrium exists between the 

vapour and liquid at the interface. 
6. The Peclet numbers are large enough such that the 

diffusion in the flow direction can be neglected. 
7. Diffusion thermal effects are negligible. 
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8. The shear stress at the liquid – vapor interface is 
negligible. 

x

y

u p
v

0h
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Fig. 1.  2-D representation of a thin-liquid falling-film. 
 
Governing equations 
The general governing heat and mass transfer equations 
for the falling film medium areas follows: 
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From the preceeding assumptions (mathematical model), 
the heat and mass transfer equations in thin-liquid falling-

film (corresponding to the coordinate system) shown in 
figure 1 and expressed in Equations 1 and 2 will become 
Equations 3 and 4: 
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where, T is temperature, C is concentration (absorbent), α  
is thermal diffusivity and D or Dab is species diffusivity 
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Boundary conditions  
At    x = 0; T = Tin and    inCC =    (6) 

At    y = 0 (non-permeable wall); wTT = ,  
y
C

∂
∂

0 (7) 

At   0hy = ;     

aH
y
CD

y
TK

∂
∂

=
∂
∂

− ρ , ( )vequil PTCC ,=   (8) 

Table 1. Data for LiBr-H2O and LiCl-H2O solutions as obtained in literatures.  

Working fluid parameters symbols LiBr-H2O LiCl-H2O 
film dynamic viscosity µ 4 x 10-4kgm-1s-1 4 x 10-4kgm-1s-1 
mean velocity νo 3.15 x 10-4ms-1 3.15 x 10-4ms-1 
Thermal diffusivity α 0.155m2s-1 0.155m2s-1 
Liquid density ρ 127kgm-3 1000kgm-3 
Thermal conductivity  K    176Wm-1k-1 176Wm-1k-1 
Species diffusivity D 1 x 10-10 m2s-1 2.0 x 10-9 m2s-1 
Wall Temperature Tw 35oC 30oC 
Inlet Temperature Tin 44.44oC 35oC 
Initial absorbent Conc. Cin 60% 45% 
Equilibrium absorb. Con Ceq 60% 35.8% 
Gravity g   9.8ms-2 9.8ms-2 
Mean film thickness ho 1.74 x 10-3m 1.74 x 10-3m 
Heat of absorption Ha 3466kj/kg 3466kj/kg 
Absorbent Vapour Pressure Pv 7.02mmHg 9.2mmHg 
Film Reynolds number Ref 100 100 
Film mass flowrate I 0.01kgm-1s-1 0.01kgm-1s-1 

Data source: Yang and Wood (1992) 
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where aH  = heat of absorption, wT = wall 

temperature, vP  = vapour pressure and ( )vequil PTC ,  = 
equilibrium concentration at the interface temperature and 
ambient vapour pressure. 
 
At the boundary, usually the parameters such as 
temperature and concentration are known (Dirichlet 
conditions) or the boundary is considered to be perfectly 
insulated (Newmann or Adiabatic conditions). Insulated 
boundaries are handled by developing boundary 
element/nodal equations. Hence, Newmann or Adiabatic 
boundary condition was used along the absorber wall in 
this model.  
 

Solution of the model equations 
The Gaussian elimination method is adopted in this work 
towards the development of a computer program written 
in FORTRAN 90 language. The main program with the 
flow chart shown in figure 2 solves equations (3) and (4) 
using modified Gaussian elimination scheme. This 
program utilizes two different subroutines (1 and 2) 
having their flowchart shown in figure 3. These 
subroutines are developed to execute various steps 
involved in applying the finite difference scheme and 
function after the implementation of the boundary 
conditions in the global domain. Solution1 generates the 
temperature profile of the domain, while solution 2 
produces a concentration profile within the domain. The 
problem data are introduced into the program in the “data 

Table 2. LiBr-H2O solution. 
  

a) Temperature Distribution 
Bulk Interface 

  
X (m) 

Literature 
result 

Present 
result 

Percentage 
deviation 

Literature result Present result Percentage 
deviation 

0 or 10-6 44.44 44.44 0.00 44.44 44.44 0.00 
10-5.5 44.40 43.65 -1.69 44.44 44.35 -0.20 
10-5 43.50 42.87 -1.45 44.44 43.50 -2.18 
10-4.5 43.20 42.08 -2.59 44.44 42.65 -4.03 
10-4 43.00 41.29 -3.98 44.44 41.80 -5.94 
10-3.5 41.50 40.51 -2.39 44.44 40.95 -7.85 
10-3 39.50 39.72 +0.56 44.00 40.10 -8.86 
10-2.5 38.00 38.93 +2.45 42.00 39.25 -6.55 
10-2 36.60 38.15 +4.23 39.50 38.40 -2.78 
10-1.5 36.40 37.36 +2.64 38.00 37.55 -1.18 
10-1 36.00 36.57 +1.58 37.00 36.70 -0.81 
10-0.5 35.50 35.79 +0.82 36.00 35.85 -0.42 
100 35.00 35.00 0.00 35.00 35.00 0.00 
  

b)  Concentration Distribution 
Bulk Interface 

X (m) 

Literature 
result 

Present 
result 

Percentage 
deviation 

Literature result Present result Percentage 
deviation 

0 or 10-6 0.600 0.600 0.00 0.599 0.592 -1.17 
10-5.5 0.600 0.59545 -0.76 0.599 0.583 -2.67 
10-5 0.600 0.59090 -1.52 0.599 0.580 -3.17 
10-4.5 0.600 0.58635 -2.28 0.599 0.576 -3.84 
10-4 0.600 0.58180 -3.03 0.599 0.573 -4.34 
10-3.5 0.600 0.57724 -3.79 0.599 0.569 -5.01 
10-3 0.600 0.57267 -4.56 0.591 0.566 -4.23 
10-2.5 0.599 0.56810 -5.16 0.580 0.562 -3.10 
10-2 0.590 0.56352 -4.49 0.570 0.559 -1.93 
10-1.5 0.575 0.55892 -2.80 0.560 0.555 -0.89 
10-1 0.567 0.55432 -0.01 0.550 0.552 +0.36 
10-0.5 0.559 0.54970 0.07 0.548 0.549 +0.18 
100 0.545 0.54500 0.00 0.545 0.545 0.00 
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block”, where the input parameters can easily be modified 
to suit any case study. The input data utilized were 
obtained from literature in the work of Andberg (1983) 
and Yang and Wood (1992), as used for the available 
experimental and numerical modelingin order to obtain 
high quality output of temperature and concentration 
profiles in the domain. The data utilized from the 
literature are as shown in table 1 (LiBr–H2O and LiCl–
H2O). 
 
RESULTS AND DISCUSSION 
 
Results in the direction of falling film (X) 
The model run has been executed using the two working 
fluid pairs (lithium bromide-water and lithium chloride-
water). The respective temperature and concentration 
distributions obtained from the models as compared with 
that found in literatures (previous work by Andberg 

(1983) and Yang and Wood (1992)  are presented in table 
2  for lithium bromide-water and table 3 for lithium 
chloride-water.Temperature and concentration profiles of 
smooth film absorption were further plotted as shown in 
figures 4 (a, b) and 5 (a, b) respectively to compare 
previous work with the developed model for thelithium 
bromide-water solution and lithium chloride-water 
solution. It was observed that downstream the wall, the 
absorbent solution approaches the equilibrium condition 
corresponding to the given wall temperature and the 
absorber pressure. The results agree quite well with 
previous work in literatures within 9% for interface 
temperature, but much better at approximately 5% for 
bulk temperature. Concentration results are much closer 
for both interface and bulk calculations, being generally 
less than 1% and also confirm the stated assumptions (3) 
and (7) of the mathematical model.  
 

Table 3. LiCl-H2O solution. 
a) Temperature Distribution 
Bulk Interface 

   
X (m) 

Literature 
result 

Present result Percentage 
deviation 

Literature 
result 

Present result Percentage 
deviation 

0 or 10-6 35.00 35.00 0.00 36.00 36.62 +1.72 
10-5.5 35.00 34.58 -1.20 36.25 38.25 +5.52 
10-5 35.00 34.17 -2.37 37.00 37.50 +1.35 
10-4.5 35.00 33.75 -3.57 37.60 36.75 -2.26 
10-4 35.00 33.33 -4.86 38.00 36.00 -5.26 
10-3.5 35.00 32.92 -6.00 38.20 35.25 -7.72 
10-3 35.00 32.50 -7.14 38.20 34.50 -9.68 
10-2.5 34.80 32.08 -7.82 37.00 33.75 -8.78 
10-2 33.90 31.67 -6.52 36.00 33.00 -8.33 
10-1.5 32.10 31.25 -2.65 34.50 32.25 -6.52 
10-1 32.00 30.83 -3.66 33.00 31.50 -4.55 
10-0.5 31.50 30.42 -3.43 31.90 30.75 -3.61 
100 30.00 30.00 0.00 30.00 30.0 0.00 
  

b)  Concentration Distribution 
Bulk Interface 

X (m) 

Literature 
result 

Present result Percentage 
deviation 

Literature 
result 

Present result Percentage 
deviation 

0 or 10-6 0.450 0.450 0.00 0.400 0.426 +6.50 
10-5.5 0.450 0.450 0.00 0.402 0.402 0.00 
10-5 0.450 0.4406 -2.08 0.405 0.398 -1.73 
10-4.5 0.450 0.4360 -3.12 0.410 0.394 -4.00 
10-4 0.450 0.4313 -4.15 0.414 0.390 -5.80 
10-3.5 0.450 0.4267 -5.18 0.414 0.386 -6.76 
10-3 0.448 0.4221 -5.79 0.414 0.382 -7.73 
10-2.5 0.440 0.4174 -5.13 0.400 0.378 -5.50 
10-2 0.440 0.4128 -6.18 0.390 0.374 -4.10 
10-1.5 0.430 0.4082 -5.07 0.380 0.370 -2.63 
10-1 0.420 0.4036 -3.91 0.370 0.366 -1.08 
10-0.5 0.390 0.3990 2.30 0.365 0.362 -0.82 
100 0.358 0.3580 0.00 0.358 0.358 0.00 
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START

READ DIMENSIONS AND 
MATERIALS PROPERTIES

GAUSS-SIEDEL SCHEME TO SOLVE
THE GENERATED GLOBAL MATRIX.
CALL SOLUTIONS

X

STOP & END
 

 Fig. 2. Main program flow chart. 
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Fig. 3. Model subroutine solution flow chart. 
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CONCLUSION 
 
The use of finite difference method for simulation of an 
absorption process of a liquid falling-film in a cooling 
system using lithium bromide-water and lithium chloride-
water working fluids was investigated in this work.  
 

• It was observed that the simple finite difference 
solution method is quite adequate for first order 
analysis of the smooth falling-film absorption 
problem, especially where accuracy of less than 10% 
in interface temperature is acceptable.  

• Bulk temperatures and concentration profiles are 
however very well predicted by the method, 
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Fig. 4. Temperature profiles of smooth film absorption for (a) LiBr-Water Solution and (b) LiCl-water solution. 
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Fig. 5. Concentration profiles of smooth film absorption for (a) LiBr-Water Solution. 
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generally within 1% for both bulk and interface 
concentration values;these results are normally 
expected even from the more sophisticated methods 
available with proprietary software. The developed 
model was also found to be promising, precise and 
can provide results that are in good agreement with 
those of complicated formulation found in the 
literature as well as with experimental data.  

• The viability of the finite difference method, on a 
thin-liquid smooth falling-film in a cooling system 
was established. The Lithium-bromide solution was 
also confirmed to be of excellent performing working 
fluid pairs when it comes to an absorption air 
conditioning system.  
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ABSTRACT 

 

Guaranteed responsiveness of Web Services solutions may not be possible on a large scale, if the solutions are not tail 

tolerant i.e. able to consistently keep latency within reasonable limit. Software techniques that tolerate latency variability 

and in particular, tail latency are vital to building responsive large-scale Web services solutions. Replication Oriented 

Architecture (ROA) though proposed to help application programmers build scalable Web Services solutions appears 

capable of mitigating latency variability and tail latency. Consequently, we investigated ROA for tail tolerance. To do 

this, we built two ATM Web Services solution using Java technology – the first was not built on ROA (conventional 

solution) but the other was built on ROA (ROA solution). These Web Services solutions were subjected to load 

performance test using Apache JMeter. The results showed that the tail tolerance of Web Services solution built on ROA 

is significantly better than its equivalent conventional solution. Specifically, we established that ROA is capable of 

improving the tail tolerance of Web Services solution by about 4.60% with 96% confidence. The results also affirm the 

scalability capability of ROA. 

 

Keywords: ROA, latency variability, tail tolerance, java EE and web services. 

 

INTRODUCTION 

 

Scalability of Web Services is vital to its large scale 

deployment (Ekuobase and Onibere, 2011). However, 

guaranteed responsiveness of web services solutions may 

not be possible on a large scale, if the solutions are not 

tail tolerant (Dean and Barroso, 2013). Tail tolerant 

systems are systems that tolerate or mitigate latency 

variability including high tail-latency i.e. rare outrageous 

response times (Dean and Barroso, 2013). High tail-

latency is therefore a serious threat to a responsive large 

scale Web Services solution. 

 

Several techniques basically centered on replication have 

been proposed to curb high tail-latency in online service 

systems/applications (Dean and Barroso, 2013). These 

systems/applications are seriously prone to the problem of 

latency variability and tail latency. However, none of 

these techniques appears to target building responsive 

large scale Web Services solution (service applications 

built on the middle ware architecture called web services). 

Web Services solution has a unique nature of 

stateful/conversational asynchronous distributed 

orientation and use of TCP based technology such as 

SOAP (Baldoni et al., 2002; Ekuobase and Onibere, 2011, 

2013; Ekuobase and Ebietomere, 2012). This drew our 

attention to the server-side software architecture – 

Replication Oriented Architecture (ROA) proposed by 

Ekuobase and Onibere (2011) which is aimed at helping 

application programmers build scalable Web Services 

solution. However, a critical examination of ROA in our 

domain of interest – latency variability and tail tolerance, 

exposed the need to also authenticate ROA’s capability to 

mitigate latency variability including high tail-latency. 

The following observations encouraged this decision: 

 

 The originators of ROA (Ekuobase and Onibere, 

2011) only saw latency variability (guaranteed 

responsiveness) as an inherent scalability attribute 

(Ekuobase and Ebietomere, 2012) but never 

investigated it specifically for latency variability 

much less high tail-latency (Ekuobase and Onibere, 

2013); thus creating an impression that scalable (web 

services) applications also guarantee responsiveness.   

 Round the clock guaranteed responsiveness is a 

critical attribute of tail-tolerant systems but they 

could only give a 90% guarantee of 32% scalability 

assurance. 

 

Consequently, we investigated whether or not ROA 

accommodates tail tolerance and if it does, by how much? 

This is the essence of this project, to determine the tail-

tolerance capability of ROA. 

 

The data collected, manipulated and interpreted were 

basically response times i.e. the time needed to process a 

query which is the time from sending a request until 

receiving the response (Yang et al., 2006; Repp et al., 

2007). It is an important attribute of Web Services’ 

Performance (Yang et al., 2006; Repp et al., 2007). 

According to the World Wide Web consortium (W3C), 

performance is defined in terms of throughput, response 
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time, latency, execution time, and transaction time 

(www.w3.org). However, execution time and latency are 

sub-concepts of the W3Cs definition of response time 

(Repp et al., 2007). 

 

 A service’s response time for a request, R, can be 

represented as shown below: 

Response time(R) = Execution time(R) + Waiting time(R)

    (1) 

The execution time is the duration of performing service 

functionality. The waiting time is the amount of time for 

all possible mediate events including message 

transmissions between service consumers and providers 

(Yang et al., 2006). From the service consumer 

perspective, we can see response time as the duration 

starting from the issue of a request to the end of the 

receipt of a service’s response. On the other hand, service 

providers see response time as not being different from 

the execution time of a service, so it does not include all 

possible mediate events, which are seen as incontrollable 

variables during service execution (Yang et al., 2006). 

 

Latency, which is an attribute of response time, is defined 

as the delay between the start of a message transmission 

from one process and the beginning of its receipt by 

another.  It can be measured as the time required in 

transferring an empty message (Coulouris et al., 2012). In 

its general sense, it covers; (1) the time taken for the first 

bit of a string of bits transmitted in a distributed system to 

reach its destination. (2) The delay in accessing resources, 

which increases significantly when the system is heavily 

loaded, and (3) The time taken by the system’s 

communication services at both the sending and the 

receiving processes, which varies according to the current 

load on the system (Coulouris et al., 2012). 

 

The data transfer rate (speed at which data can be 

transferred between the two resources in distributed 

systems once transmission or message passing has begun, 

usually quoted in bits per second) is also a contributing 

factor to performance. It is determined primarily by 

physical characteristics, whereas latency is determined 

primarily by software overheads, routing delays and a 

load-dependent statistical element arising from conflicting 

demands for access to transmission channels. Considering 

that many of the messages transferred between processes 

in distributed systems are small in size; latency is 

therefore often of equal or greater significance than the 

transfer rate in determining performance (Coulouris et al., 

2012). Thus, Web Services solution’s architecture like 

ROA should be able to mitigate latency variability and 

present to the service consumers a consistent response 

time that is within an acceptable standard. 

 

Keeping latency consistent within reasonable limit, 

thereby keeping the tail of latency distribution short, is a 

challenge to Web Services solutions as the size and 

complexity of the system scales up or as overall use 

increases (Dean and Barroso, 2013). Latency variability 

results from occasional high-latency episodes that tends to 

overshadow the overall service performances of large 

scale systems/applications. Software techniques that 

tolerate latency variability are vital to building responsive 

large-scale Web services (Dean and Barroso, 2013). 

Factors that may encourage variability in latency include 

(Dean and Barroso, 2013):  

 

 Sharing of systems resources such as CPU cores, 

processor caches, memory bandwidth etc. between 

and within applications. 

 Usage of systems resources by background daemons. 

 Global resource sharing by applications running on 

machines. 

 Periodic maintenance activities. 

 Multiple layers of queuing in intermediate resource 

such as servers and network switches. 

 Garbage collection 

 Energy management due to switching between 

inactive power saving modes and active modes 

 

Dean and Barroso (2013) established that it is not feasible 

to eliminate latency variability completely and hence 

introduced two tail-tolerant techniques that mask or work 

around temporary latency deviations. The techniques are 

of two classes: the Within-Request Short-Term 

Adaptations and the Cross-Request Long-Term 

Adaptations. 

 

Within-Request Short-Term Adaptations (WRSTA) 

This class of techniques basically deploys multiple 

replicas of data items to provide additional throughput 

capacity and maintain availability in the presence of 

failures. One challenge posed by WRSTA is that it is 

basically suited for read-only and loosely consistent 

datasets, and is effective only when the phenomena that 

causes variability does not tend to simultaneously affect 

multiple request replicas. The techniques under this class 

include Hedged and Tied requests: 

 

Hedged requests: Here a user send the same request to 

multiple replicas (e.g. servers) and use the results from 

whichever replica that responds first. The client first send 

the request to the replica believed to be the most 

appropriate but then falls back on sending a secondary 

request after a brief delay. Once a response is received, 

other requests are cancelled.  

 

Tied requests: Here a request is simultaneously queued 

in multiple replicas. The replicas communicate with one 

another concerning the status of the resultant responses. 

An executing server sends a cancellation message to the 

other servers. Delay interval can be introduced to avoid 

sending the request at the same time. 
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Observe that these techniques will likely congest 

transmission channels further and result in wastage of 

computational resources. Besides, they defy a necessary 

property of replication - transparency (Coulouris et al., 

2012; Ekuobase and Onibere, 2011).  

 

Cross-Request Long-Term Adaptations (CRLTA) 

These techniques are suited for reducing latency 

variability caused by coarse-grained phenomena such as 

service-time variations and load balancing. They include: 

 

Micro-Partitions: The systems generate many more 

partitions than there are machines in the service, then do 

dynamic assignment and load balancing of these 

partitions to particular machines. 

 

Selective Replication: This is an enhancement of the 

micro-partitioning scheme, it detects items that are likely 

to cause load imbalance and create additional replicas of 

these items. Load balancing systems can then use the 

additional replicas to spread the load of these hot micro-

partitions across multiple machines without having to 

actually move the micro partitions. 

 

Latency-Induced Probation: Here machines with high 

latency are placed on probation and reincorporated when 

its latency has improved.  

 

Though CRLTA addresses the problem of transparency, 

resource wastage and congestion of transmission media, it 

is however difficult to implement. Besides, they are more 

oriented towards handling latency at the systems level and 

not at the application level. A situation we choose to refer 

to as macro and micro latency respectively. ROA appears 

to be more oriented towards handling micro latency.   

 

MATERIALS AND METHODS 

 

The following sub-section describes the hardware and 

software tools as well as the process used in this research. 

 

Hardware Tools 

A notebook computer (HP Pavilion dv6 Notebook PC, 

Intel® Core(TM) i3 CPU @ 2.13 GHz 2.13 GHz, 4.0GB 

of RAM and 300GB of Hard Disk) was used not only in 

development and testing of the Web Services solution but 

also to carry out performance test to check for latency 

variability and tail tolerance. It also served as host to the 

software used and developed in this research. A lower 

configuration may not conveniently cope with the huge 

size and nature of our development platform as well as the 

high computational resource requirements for executing 

our applications and testing them for tail tolerance. 

 

Software Tools 

We shall discuss software tools under Operating System, 

Development Platform, Language, Integrated 

Development Environment (IDE) and Packages. 

 

 Operating System: We settled for Microsoft 

Windows 7 Home Premium edition which worked 

seamlessly with the other tools used in the research. The 

Operating System enabled our applications and other 

software tools to interact with the machine and tap its 

computational and peripheral resources. 

 

 Development Platform: The choice of Java EE 

(Jendrock et al., 2006) as our development platform for 

building the Web Services solution in preference to the 

.NET platform is because Java EE is non-proprietary and 

it rivals with .NET platform as the dominant application 

developer’s platform for enterprise applications in general 

and Web Services solution in particular (Vawter and 

Roman, 2001; Williams, 2003; Birman, 2005). Also our 

prior comfortable programming experience in Java 

boosted our choice of Java EE. 

 

 Language:  Language here covers programming 

language, modeling language and Database Management 

System (DBMS). Java 7.0 was the preferred programming 

language of choice since the application was built on Java 

EE platform which has support for only Java. Java 

Persistence Query Language (JPQL), a version of the 

Structured Query Language (SQL) was adopted because 

of its rich Application Programming Interfaces (APIs) for 

interacting with databases. Our choice of Objectdb as our 

DBMS for building and managing the databases was 

based on its very good performance and seamless 

compatibility with Java and Netbeans – our Integrated 

Development Environment of choice.  

 

 Integrated Development Environment (IDE): We 

have several IDEs that support Java and these include 

JBuilder, JCreator, Eclipse, and Netbeans. We chose 

Netbeans (Netbeans 7.0) on the ground of familiarity 

though it is not in any way less powerful than the others. 

IDE makes application development easy, nimble and 

interesting. 

 

 Packages: Argo UML (Ramirez et al., 2006; Tolke 

and Klink, 2006) was used for the UML design. Though 

there are many testing packages which include Apache 

JMeter, JUnit, Grinder, Siege, JProfiler, selenium, Tsung, 

and Load Runner; for request generation, load testing of 

Web Services application and capturing of response time 

which is vital to this research. We used Apache JMeter 

(http://jakarta.apache.org/) because it is open source, Java 

based and has rich and easy to use User Interface (UI). 

Besides, it is the testing tool also used by the originators 

of ROA (Ekuobase and Onibere, 2013). JMeter was added 

as plug-in to Netbeans to ease its use with IDE. Microsoft 

Excel was used for result computation. The Alentum 
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Software Advanced Grapher was used for the graphical 

reporting of results.  

 

Process 

Figure 1 depicts a tailored systems analysis and design 

(SAD) research process used in this work. 

We relied on the agile software development 

methodology established by Ekuobase and Onibere (2012, 

2013) as the most appropriate for the project. Our test 

software development project of choice is the Automated 

Teller Machine (ATM) Fund Transfer System. This 

choice is predicate on the fears raised by Ekuobase and 

Onibere (2011) and the features of the ATM system also 

exposed by Ekuobase and Onibere (2012, 2013). The 

design of the ATM system as modelled by Ekuobase and 

Onibere (2012, 2013) was adopted. A Web Services 

solution was built using appropriate APIs of the Java 

platform using Netbeans 7.0 IDE. The solution consists of 

five endpoint replica built on ROA. We chose to 

implement only the five endpoint replica of ROA since it 

gave the optimum scalability result for our test problem – 

the ATM Fund Transfer Service (Ekuobase and Onibere, 

2013).  Besides, the five endpoint replica solution’s 

computational strength data appears more regular 

(Ekuobase and Onibere, 2013). We also built a similar 

web services solution using the conventional approach 

void of ROA. 

 

We, however used a different set of Java APIs for the 

implementation of the prototype ATM Fund Transfer 

system on ROA. The new set of implementation API’s 

were Enterprise Java Bean (EJB), Java API for XML Web 

Services (JAX-WS), Java Message Service (JMS), 

Message Driven Bean (MDB) and Java Persistent API 

(JPA). These APIs were selected to design the 

implementation equivalence of ROA depicted in figure 2. 

The choice of these APIs is predicate on the drive not 

only to refine the implementation of ROA but also to 

demonstrate that ROA can be realised in several ways 

using diferrent technology and platforms. In particular, 

JPA a relatively new Java API handles how relational 

data is mapped to persistent entity objects, how these 

objects are stored in a relational database, and how an 

entity’s state is persisted. In this realization, the JAX-WS 

receives a SOAP request, implicitly deserializes the 

request and, using the round robin mechanism, enqueues 

the resultant data in a JMS queue for some queues defined 

by the number of replicas; each replica has its own queue.  

A replica, implemented as MDB, listens and fetches the 

data in its JMS queue that it is statically bound to, using 

the MDB onMessage method. The replica then invokes 

the EJB that performs the business logic and with help of 

the JPA persist in memory (database) the computational 

state of the operation performed.  

 

For the conventional implementation of the system i.e. 

implementation not based on ROA, we made use of JAX-

WS, EJB and JPA as depicted in figure3. The EJB and 

JPA allow the web services to seamlessly communicate 

with the database. Observe that the selected APIs for the 

ROA implementation have JMS and MDB, in addition, 

that were used to realize the replicas in ROA. The use of 

JAX-WS for the ROA implementation as with the 

conventional implementation is particularly soothing 

because of the criticism that the ROA implementation 

equivalent used by Ekuobase and Onibere (2012, 2013) 

does not realize a Web Services solution but just a service 

solution. Besides, this ROA implementation is more 

coarsely grained than that of Ekuobase and Onibere 

(2012, 2013). 

 

 

Start 

Testing/Data 

Capturing 
Result Analysis / 

Recommendation 

Fluid Design 

API 

Selection 

Implementation 

Model Implementation 

 

Fig.1. The Research Process. 
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We also made us of a small sized database built using 

ObjectDB an open source Object Database Management 

System (ODBMS) for about 30 account holders with a 

varying fictitious amounts in the accounts. The software 

development and deployment environment was Netbeans 

7.0 with GlassFish 3.1 as the server. 

Codes for the Conventional and ROA implementations 

will be supplied on request. 

 

These systems are all server side applications and we 

therefore need a client to consume them. Apache JMeter 

played this role. Apache JMeter (Halili, 2008) is not only 

a load generator but a load and performance testing tool. 

 

MDB & 

EJB 

MDB & 

EJB 
MDB & 

EJB 

JAX-WS & JMS 

Web 

service 
. . . 

JPA 

Database 

Web service Clients 

Request Response 

 
 

Fig. 2. A ROA Implementation Equivalence using Java Technology. 
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Web service Client 
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Fig. 3. A Conventional Implementation of Web Services using Java Technology. 



Canadian Journal of Pure and Applied Sciences 2948 

It can handle variety of request from HTTP request to 

SOAP request depending on how its test plan is prepared.  

We subjected the web services solutions to performance 

test under varying loads ranging from five to 10000 

requests per 5 seconds using Apache JMeter.  The 

resultant data samples’ median, maximum, minimum, 

average and 90th percentile response times for each of the 

solutions were collected. We then entered this data into 

Alentum Grapher for appropriate graphical presentation. 

The maximum response times value were further 

Table 1. Data Capture for Conventional Web Services Solution. 

 

DATA CAPTURE FROM IMPLEMENTATION WITHOUT ROA 

NO OF 

SAMPLES 
AVERAGE MEDIAN 

90TH 

PERCENTILE 
MINIMUM MAXIMUM 

5 4 4 6 4 6 

10 3 3 4 2 6 

20 4 4 7 3 7 

30 3 3 4 3 10 

40 4 4 4 3 17 

50 4 3 4 2 35 

100 3 3 4 2 15 

200 3 3 3 2 154 

300 5 3 4 2 208 

400 5 3 4 2 209 

500 8 3 6 2 317 

1000 27 4 16 2 2386 

2000 42 14 92 2 2478 

3000 291 321 514 2 4411 

4000 563 569 944 3 5428 

5000 791 790 1420 3 6299 

10000 1930 1753 4230 3 10884 

 

Table 2. Data Capture for the ROA Web Services Solution. 

 

DATA CAPTURE FROM ROA IMPLEMENTATION 

NO OF 

SAMPLES 
AVERAGE MEDIAN 

90TH 

PERCENTILE 
MINIMUM MAXIMUM 

5 3 3 3 3 6 

10 5 4 8 3 9 

20 4 4 7 2 10 

30 6 6 6 4 16 

40 3 3 4 2 5 

50 3 3 5 2 22 

100 3 3 4 2 5 

200 2 3 3 2 11 

300 3 3 4 2 18 

400 3 3 4 2 23 

500 3 3 3 2 22 

1000 3 3 4 2 68 

2000 6 3 9 1 227 

3000 8 4 19 1 163 

4000 18 7 41 1 423 

5000 30 9 80 1 577 

10000 25 10 51 1 1045 
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subjected to statistical analysis and interpretation; since 

maximum response times best captures the highest tail 

latency of applications. 

 

In particular, we ascertained the tail tolerance significance 

of the Web Services solution built on ROA over that built 

using the conventional approach. Since the two classes of 

Web Services solution were built on the same problem 

and platforms but with different development approaches, 

the student t-distribution for difference of two means was 

found most appropriate and adopted. The samples x and y 

are the maximum response times for the conventional and 

ROA solutions respectively. Let x and y be normally 

distributed with means µx and µy, and variance ơx and ơy  

respectively. The problem is to decide whether or not the 

use of ROA will mitigate the tail latency of Web Services 

solution. 

 

Consequently, we tested the hypothesis H0: µx = µy (no tail 

tolerant significance between conventional and ROA 

systems), H1: µx > µy (ROA systems are significantly tail 

tolerant) and H2: µx < µy (conventional system are 

significantly tail tolerant).  

 

RESULTS AND DISCUSSION 

 

After configuration the JMeter, we executed the package 

for varying number of threads (sample size) for each of 

 

Fig. 4. The Mid-response Time of Conventional vs. ROA Web Services Solutions.   

 
 

Fig. 5. The Average-response Time of Conventional vs. ROA Web Services Solutions.    
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the two system implementations and the valuable data: 

average, median (mid), 90
th

 percentile line, minimum and 

maximum response times; all in milliseconds were 

collected. Tables 1 and 2 contain these data for the 

conventional and ROA web services solution 

respectively. 

 

For ease of appreciation, figures 4 to 8 depict graphically 

the relative behaviour of both applications with increasing 

number of request per unit time as explained underneath 

each of the figures. 

  

Figure 4 captures the mid response times of both the 

conventional web services solution and those of the web 

services solution built on ROA with increasing number of 

request per unit time. Observe the near constant response 

time of the ROA solution even with increasing request per 

unit time as against that of the conventional solution 

which assumed a near exponential increase of response 

time with increasing request per unit time. The 

implication of this is that web services solutions built on 

ROA is far more stable and hence more scalable than its 

conventional counterparts. This affirms Ekuobase and 

Onibere (2013) scalability authentication of ROA. Also 

their maximum sample size was 2000 requests per 5 

seconds against ours with a maximum sample size of 

10000 requests per 5 seconds. Note that the behaviour of 

the conventional solution against the ROA solution 

 

Fig. 6. The Maximum and Minimum Response Time of Conventional vs. ROA Web Services Solutions. 

 
Fig. 7. The 90

th
 Percentile Response Time of Conventional vs. ROA Web Services Solutions. 

 

 

 



Ekuobase and Anyaorah 2951 

skyrocketed particularly after the 2000 mark. An 

indication that the 32% scalability performance of web 

services solution built on ROA over the conventional 

solution is the least it could be. Mid response time is 

however not a useful indicator of latency variability or tail 

latency.  
 

Figure 5 captures the average response time of the 

conventional and ROA web services solutions with 

increasing number of requests per unit time. It appears not 

to be different from the graph in figure 4 and therefore 

same analysis holds for both.  

Figure 6 captures the maximum and minimum response 

time with increasing number of requests per unit time for 

both the conventional and ROA web services solutions. 

Note that the difference between the maximum and 

minimum for the conventional web services solution is far 

wider than that of the web services solution built on ROA. 

In particular, the response time for the ROA solution 

hardly exceeded 0.5seconds. This shows that web services 

solution built on ROA has tighter latency variability or 

guaranteed responsiveness against their conventional 

counterparts.  

 
Fig. 8. The 90

th
 Percentile and Maximum Response Time of Conventional vs. ROA Web Services Solutions 

 

Table 3. Showing the computation of ns
2 
for each web services solution. 

 

S/n 
Conventional Tail 

Latency (x)  
ROA Tail Latency (y) 

 

1 6 3715369.633 6 22464.71972 

2 6 3715369.633 9 21574.42561 

3 7 3711515.574 10 21281.6609 

4 10 3699965.398 16 19567.07266 

5 17 3673084.986 5 22765.48443 

6 35 3604413.927 22 17924.48443 

7 15 3680755.104 5 22765.48443 

8 154 3166724.927 11 20990.89619 

9 208 2977451.751 18 19011.54325 

10 209 2974001.692 23 17657.71972 

11 317 2613167.339 22 17924.48443 

12 2386 204729.6332 68 7723.307958 

13 2478 296448.2215 227 5057.719723 

14 4411 6137860.516 163 50.66089965 

15 5428 12211324.69 423 71351.83737 

16 6299 19057333.46 577 177340.0727 

17 10884 80110923.75 1045 790530.1903 

 1933.529412 155550440.2 155.8823529 =1275981.765 
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Figure 7 captures the 90
th

 percentile response time of 

conventional vs. ROA web services solutions with 

increasing number of request per unit time. It appears not 

to be different from the graph in figures 4 and 5 and 

therefore same analysis holds here too. Besides, the graph 

also shows that web services solution built on ROA has 

tighter latency variability or guaranteed responsiveness 

against their conventional counterparts.  

 

Figure 8 captures the 90
th

 percentile and maximum 

response times of conventional vs. ROA web services 

solutions with increasing number of request per unit time. 

It obviously indicates that both applications are bedeviled 

with the problem of tail latency with the ROA solution 

however more tail tolerant. Whether this tail tolerant 

advantage of ROA web services solution over its 

conventional counterpart is significant and if it is, by what 

degree is however not obvious? 

 

Statistical Analysis and Interpretation 

It will be noted that the two sets of Web Services 

solutions were built on the same platform, using the same 

technology except that the ROA’s solution was built on 

unique development architecture – ROA. It is also 

important to note that the performance load test and 

request generator was handled by the same package – 

Apache JMeter, and configured the same way. 

 

The samples x and y are the maximum response time (tail 

latency) at varying but increasing request rates for the 

conventional and ROA solutions respectively. Let x and y 

be normally distributed with means µx and µy and 

variance σx and σy respectively. The problem is to decide 

whether or not the use of ROA will improve the tail 

tolerance of Web Services solution. Consequently, we 

tested the hypothesis H0: µx = µy (no tail tolerant 

significance between conventional and ROA systems), 

H1: µx > µy (ROA systems are significantly tail tolerant) 

and H2: µx < µy (conventional system are significantly tail 

tolerant); since tail tolerance is about mitigating tail 

latency with increasing request per unit time. 

 

It is safe to assume that σx = σy, and then apply the 

formula below (Hoel, 1966): 

 

    (2) 

 

Where, t is the student’s t distribution for difference of 

two means and every other elements of equation (2) 

assume the conventional statistical use. 

 

In our case, sample sizes are equal and equal to 17 i.e. nx 

= ny = 17; therefore equation (2) can be rewritten as: 

  (3) 

Adopting the null hypothesis H0, we can rewrite equation 

(3) as equation (4) below: 

 

  (4) 

 

but, ns
2
 =  (5) 

 

Table 3 shows the computation of ns
2
 for each solution: 

conventional solution followed by solutions built on ROA 

while table 4 shows the calculation details of t, for each 

Web Services solution. 

 

From the student’s t table (Hoel, 1966) the 0.02 critical 

value of t is 2.224. Observe that the calculated t value 

(2.3411022) is greater than 2.224, therefore, the 

hypothesis H1: µx > µy is valid and hereby accepted. Thus, 

tail tolerance of Web Services solution built on ROA is 

significantly better than its equivalent conventional 

solution.  

 

Table 4. Showing the Computed t Value and Confidence 

Limit for Conventional vs. ROA’s Solution. 

 

Computed Value 
ROA web services 

solution 

 
1777.6471 

 
156826422 

 

12523.036 

 

 

0.1419502 

t 2.3411022 

k = 

( )/  
759.3206 

2.224 * k 1688.729 

 
88.91811 

 
3466.376 

 
4.5987 

 

 

It is also important we calculate the confidence limit for 

µx - µy as ROA’s solution show significantly better tail 

tolerance performance over its equivalent conventional 

solution. Here equation (3) comes handy and in our case 

96 percent confidence limits is given by: 

|t| < 2.224 (6) 
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Substituting (3) in (6), reduces (6) to: 

  (7) 

Where  and  are the lower and upper limits 

respectively and are given by: 

  (8) 

 (9) 

 

Table 4 also show these calculated value for the ROA’s 

solution. 

 

Consequently, we can only guarantee  unit of increase 

i.e.  percent in tail tolerance performance, if ROA is 

used to build Web Services solution. These results show 

that ROA can improve tail tolerance of Web Services 

solution by 4.60% with 96% confidence. This is the 

maximum degree of significance that can be guaranteed. 

 

CONCLUSION 

 

Guaranteed responsiveness of Web Services solutions 

may not be possible on a large scale, if the solutions are 

not tail tolerant i.e. able to consistently keep latency 

within reasonable limit. Software techniques that tolerate 

latency variability and in particular, tail latency are vital 

to building responsive large-scale Web services (Dean 

and Barroso, 2013). However, such efforts directed at 

making network applications tail tolerant are basically 

oriented towards handling latency at the systems or 

deployment level and not at the application or 

development level. ROA though proposed to help 

application programmers build scalable Web Services 

solutions (Ekuobase and Onibere, 2011), appears capable 

of mitigating latency variability and tail latency at the 

application or development level. Consequently, we 

investigated ROA for tail tolerance. 

 

We realized a new ROA implementation equivalence also 

using Java technology but with a different set of Java 

APIs from that of Ekuobase and Onibere (2012, 2013). 

This implementation equivalence appears more of a Web 

Service implementation than theirs. We built two ATM 

Web Services solution using Java technology – the first 

was not built on ROA (conventional solution) but the 

other was built on ROA (ROA solution). The choice of 

the ATM system as the test problem was to investigate 

ROA in its worst case scenario (Ekuobase and Onibere, 

2011, 2012, 2013). 

 

The graphical and statistical analysis of the resultant data 

on subjecting the Web Services solution built on ROA to 

load performance test using Apache JMeter compared to 

the conventional solution showed that the tail tolerance of 

Web Services solution built on ROA is significantly better 

than its equivalent conventional solution. Besides, the 

statistical analysis of the results shows that ROA is 

capable of improving the tail tolerance of Web Services 

solution by about 4.60% with 96% confidence. The 

results also affirm the scalability capability of ROA 

(Ekuobase and Onibere, 2013). 
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ABSTRACT 

 
Logarithms were defined for real positive numbers with a real positive base, but were later extended to real negative 
numbers with a real positive base. Logarithms of real negative numbers to a real positive base were defined as complex 
numbers. The Neparian logarithms take into consideration the hyperbola transcribed by the function f(x) = 1/x, x>0 for 
real positive axis. On a parallel analogy, we extend this concept to the real negative axis for the hyperbola transcribed by 
1/x for x<0. This paper examines the concept of logarithms from its basics to prove that the logarithms of real negative 
numbers to real negative base are real numbers. The concept of logarithms as applicable to both real positive and real 
negative numbers has been generalized.  
 
Keywords: Logarithms; real negative numbers; exponential function, computational sciences. 
 
INTRODUCTION 
 
It is a known fact that in the field of mathematics, 
logarithms have introduced new transcendent sizes and 
have widened the field of comprehension of numericals. 
The origin of the concept of logarithms goes back to John 
Napier (1950-1617) who used arithmetic and geometric 
progressions as a basis of his work. Neparian logarithms 
as given by Napier are shifted by 107ln107 with respect to 
the logarithms used presently (Lexa, 2013). Napier 
designed an ingenious mathematical tool at a time when 
the concepts of modern mathematics were not laid. The 
Napier’s concept evolved into the present day logarithmic 
function which became indispensable to the development 
of science and technology.  
 
1 Development of the concept 
 
Napier, initially described logarithms through geometry 
and not as the inverse of the exponential function. Today, 
the natural logarithmic function is usually defined as the 
inverse of the natural exponential function or through the 
integral equation 
 

∫ >=
x

xdttx
1

0,)/1()ln(   (1.1) 

 

Logarithms were initially defined for all real positive 
numbers, and it was Euler who discovered ways to 
describe logarithms in terms of power series, and also 
successfully defined logarithms of complex and negative 
numbers, which expanded the field of logarithms. Earlier 
to Euler, logarithms of real negative numbers were 
defined as equal to logarithms of real positive numbers of 
the same magnitude (Wikipedia, 2013) as given by 

)(log)(log xx bb −=   
 
This fact emanates from the additivity property of 
logarithms, given by 
  

2)(log)(log2 xx bb −=− 2)(log xb= )(log2 xb=
 (1.2) 
 
Later Euler gave a formula known as Euler’s identity, 
given by  
 

01 =+πie ,   (1.3) 
 

where ‘e’ is Euler’s constant and 1−=i . This defined 
the logarithm of (-1):  

πie =− )1(log . 
 
This paved a way for the field of logarithms of complex 
numbers.  
 
Logarithmic functions play a significant role in solving 
complicated mathematical expressions and thus are 
important in the field of mathematics. Shannon (1948) 
whose discovery of entropy made a remarkable impact for 
measuring uncertainty contained in probabilistic 
experiments, had to develop his mathematical model 
involving logarithmic function for measuring information 
content. Many other researchers extended Shannon’s 
(1948) entropy in terms of logarithmic functions under 
diverse situations. Recently, Parkash and Thukral (2010) 
investigated and developed certain logarithmic models for 
measuring diversity in biological systems. 
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Logarithms are extensively used in various disciplines 
like population dynamics Vandermeer (2010), social 
sciences (2013) and other fields. Developments in the 
field of logarithms may be attributed to several authors, 
notably Joost Burgi, Johannes Kepler, Gregoire de Saint-
Vincent, Leonard Euler and others (Lexa, 2013; 
Wikipedia, 2013). Euler first defined the exponential 
function and related it to the natural logarithm. The 
present day terminology of the logarithms is attributed to 
Leibnitz and Newton (Lefort, 2013). 
 
The present paper provides a new approach to define the 
logarithms of negative real numbers using a multiplicative 
constant (-1) as a coefficient to the logarithm base. The 
necessity for the present work arises to fulfill the gaps in 
the derivation of the logarithmic functions for the 
negative real numbers defined over the negative real axis. 
The software used in this paper are 
http://rechneronline.de/function-graphs/, 
http://wims.unice.fr and MS-Excel software. 

As is seen from figure 1, 
x

y 1
=  transcribes hyperbolas 

in the first and the third quadrants. The curve in the first 
quadrant defines the logarithmic function for positive real 
numbers whereas the curve in the third quadrant has never 
been considered for defining any such function. The curve 
for )ln(xy = for positive real x-axis is given in figure 2. 
We stress here that a similar curve can be constructed for 
the real negative axis using the graphical presentation 
provided in the third quadrant of figure 2. 
 

2 Logarithms of real negative numbers 
 
In the literature, the logarithms of real positive numbers 
are defined as the inverse function of exponential 
function, given by 
 

xb y =   (2.1) 
 
such that logarithm of x to the base b is defined as, 
 

yxb =log  (2.2) 
 
where x is a real positive number, y is a real number, and 
b is a real positive number base of the logarithm 
(generally 10, or 2 or  e). Multiply equation (2.1) with a 
constant c = ± 1, referred to herein as the coefficient,  
 

cxbc y =)( .  (2.3) 
 
Keeping in view the equation (2.3), we now define the 
logarithmic function as 

ycxbc =)(log ,  (2.4) 
where c represents the coefficient (± 1) to the base b>1 
and x>0. 
 
For c = +1, the logarithmic equation (2.2) for real positive 
numbers is obtained. For, c = -1 we get, the logarithms of 
real negative numbers as  

xb y −=− )(  , b>1 and x>0, i.e., 

 
 
Fig. 1. Graph between x and 1/x. 
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yxb =−− )(log ,1  (2.5) 
 
For example, 
 

2)100(log 10,1 =−− , since, 100)10( 2 −=− .  

In this case, the coefficient (-1) is not raised to the power 
‘y’ and is a multiplicative constant only. In the 
terminology of the present context, the base of a 
logarithm is cb, where b>1, and c = 1 for logarithms on 
the positive real axis ‘x’, and c = -1 for the negative real 
axis ‘x’.  

 
 
Fig. 2. Graph between x and lnn(x) (left), and ln(x) (right) 
 

 
 
Fig. 3. Graph between x and exp(x) (upper curve), and -exp(x) (lower curve) 
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3. Necessity for the present concept 
 
Under the notion held till now, the logarithm of a real 
negative number say, x = -100, to the base ‘b’, say, b=10, 
is y=− )100(log10 , such that,  
 

xb y −= . (3.1) 
 
That is, the logarithm of (– 100) will be the value of y that 
satisfies the equation,  
 

100)10( −=y . (3.2) 
 
Equation (3.2) contradicts equation (2.5) since the 
coefficient, c = -1 multiplies only on one side of the 
equation (2.1). Another alternative to evaluate this 
logarithm would be  
 

xb y −=− )( . (3.3) 
 
That is, the logarithm of - 100 will be the value of y which 
satisfies the equation 
  

100)10( −=− y . (3.4) 
 
Equation (3.4) contradicts equation (2.5) since the 
coefficient (-1) on the left hand side is not to be raised to 
the power y. The logarithms of real positive or real 
negative numbers should therefore be defined as per the 
equations (2.3, 2.4).  
 
Thus, to obtain the logarithm of (-100), we apply equation 
(2.5) as follows: 
 2)100(log 10,1 =−− ,  (3.5) 

Since  
 

100)10( 2 −=−   (3.6) 
 
which justifies the proposed method to find the logarithm 
of negative real numbers. If the base of the function is 
Euler’s constant e, then 

xe y −=− )( , (3.7) 
 
that is,  
 

yxe =−− )(log ,1 . (3.8) 
 
It is self evident that logarithm of a real positive number 
with a coefficient of c = 1, is equal to the logarithm of real 
negative number with a coefficient of c = -1. The 
logarithm of -1 to the base –e will be,  

0)1(log ,1 =−− e , Since, 

1)( 0 −=− e . (3.9) 
 
The inverse of the natural negative logarithmic function 
is, )( xe− . The present paper also proves the existence of 
negative exponential function. A graph for positive and 
negative exponential functions is given in figure 3.  
 
For convenience, log to the base (-e) may be called lnn(x) 
(log natural negative). In its integral form lnn (x) may be 
defined as 

dt
t

dt
t

x
x

x

e ∫∫
−

−

−

−
− −==−

1

1
,1

11)(log , for x>0. (3.10) 

The properties of logarithms of negative real numbers to a 
negative base are given in table 1. 

 
Table 1. Properties of logarithms of real negative and real positive numbers as per the proposed concept. 
 

Property Coefficient Explanation 
c = +1, or c = -1 ycxbc =)(log ,  

Such that 
cxbc y =)( , 1,0 >> bx  

c = 1 yxb =+ )(log ,1 , or yxb =)(log  
Such that 

xb y = ,            1,0 >> bx  

General definition of 
logarithm  

c = -1 yxb =−− )(log ,1  
Such that 

xb y −=− )(        1,0 >> bx  
 

i
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Table 1 continue..  
 

Property Coefficient Explanation 
Earlier definition of 
logarithms of negative 
real numbers with a 
positive real base  

c1 = +1, c2 = -1 yxcbc =)(log 2,1
 

Such that 
xcbc y

21 )( = ,    
1,0 >> bx  

Or,  
yxb =−+ )(log ,1  

Such that 
xb y −=)( ,  
1,0 >> bx , y is a complex number. 

Equivalence 
 )(log)(log ,1,1 xx bb +=− +− ,  

1,0 >> bx  
c1 and c2 are same or different 
real number coefficients 

)1,( 21 ±=cc . 

)(log)(log)(log 2121,22,11, 2121
xxccxcxc bccbcbc =+ , 

1,0, 21 >> bxx  
c1 , c2 = +1 )(log)(log)(log 21,12,11,1 xxxx bbb +++ =+++ , 

1,0, 21 >> bxx  
c1 , c2 = -1 )(log)(log)(log 21,12,11,1 xxxx bbb +−− =−+−

, 
1,0, 21 >> bxx  

Product 

c1 = -1, c2 = +1 (or vice versa) )(log)(log)(log 21,12,11,1 xxxx bbb −=+− −+− , 
1,0, 21 >> bxx

When c1 , c2 are the same or 
different real number 
coefficients c1 , c2 = ±1.  

)/(log)(log)(log 2211),/(22,11, 2121
xcxcxcxc bccbcbc =−

, 1,0, 21 >> bxx  
When the coefficients of both 
real numbers x1 and x2 are 
negative (c1 , c2 = -1). 

)/(log)(log)(log 21,12,11,1 xxxx bbb +−− =−−− , 

1,0, 21 >> bxx  

Quotient 

When the coefficient of real 
number x1 is negative -1 and 
x2 is positive +1. 

)/(log)(log)(log 21,12,11,1 xxxx bbb −=−− −+− , 

1,0, 21 >> bxx  
c = +1, or c = -1 )(log)(log ,, cxnxc bc

n
bc = , 1,0 >> bx  

c = +1 )]([log)]([log ,1,1 xnx b
n

b ++ =+ , 1,0 >> bx ,  
The log will be a real number. 

Power, 
)( nxc  

c = -1 )]([log)]([log ,1,1 xnx b
n

b −=− −−
, 1,0 >> bx , 

The log will be a real number. 
Power, 

nx)(−  

 )]([log)(log xnx b
n

b −=− , 1,0 >> bx  
The value of log will be a complex number. 

c = +1, or c = -1 

)(log
1)(log
,

, cb
cx

xc
bc = , 1,0 >> bx  

Base switch 

c = +1 

)(log
1)(log
,1

,1 b
x

x
b +

=+
+

+ , 1,0 >> bx  

 

continue… 
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CONCLUSION 
 
The present concept uses hyperbola in quadrant III of the 
graph for 1/x, and proves that the logarithms of real 
negative numbers on a real negative base are real 
numbers. The concept will have wide applications in 
basic and computational sciences.  
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ABSTRACT 

 

It is a well-known fact that in the literature of information theory, a variety of divergence (distance or cross entropy) 

measures is available, each with its own merits and limitations. These measures are applicable to various disciplines of 

Mathematical Sciences. One such discipline pertaining to Operations Research is portfolio analysis. In the present 

communication, we have developed two new parametric measures of cross entropy and consequently provided the 

applications of these measures for the study of optimization principles for the development of measures of risk in 

portfolio analysis. We have observed that minimizing these measures implies the minimization of the expected utility of 

the risk-prone person and maximization of the expected utility of a risk-averse person. 

 

Keywords: Portfolio selection theory, cross entropy, mean-variance efficient frontier, uncertainty. 

 

INTRODUCTION 
 

Markowitz (1952) introduced the modern portfolio 

selection theory, which deals with the relevant beliefs 

about future performances and ends with the choice of 

portfolio. We consider a fundamental rule that the 

investor should consider expected return a desirable thing 

and variance of return an undesirable thing. Markowitz 

(1952) illustrated geometrically relations between beliefs 

and choice of portfolio according to the “expected 

returns-variance of returns” rule. It is worth mentioning 

that some of the investments made by the investor may 

yield low returns, but these may be compensated by 

considerations of relative safety because of a proven 

record of non-volatility in price fluctuations. On the other 

hand, there might be some better investments which 

would be promising and achieve high expected returns, 

but these may be prone to a great deal of risk. However, 

investor's major problem is to find a satisfactory measure 

of risk. The earliest measure proposed for the return on all 

investments was variance and its proposal was based upon 

the fundamental argument that risk increases with 

variance. Accordingly, Markowitz (1952) introduced the 

concept of mean-variance efficient frontier, which 

enabled him to find all the possible efficient portfolios 

that simultaneously maximize the expected returns and 

minimize the variance. 

 

Jianshe (2005) developed a new theory of portfolio and 

risk based on incremental entropy and Markowitz's (1952) 

theory. He developed this theory by replacing arithmetic 

mean return adopted by Markowitz (1952), with 

geometric mean return as a criterion for assessing a 

portfolio. The new theory emphasizes that there is an 

objectively optimal portfolio for given probability of 

returns. Some portfolio optimization methodology has 

been discussed by Bugár and Uzsoki (2011) whereas 

other work related with diversification of investments has 

been provided by Markowitz (1959). Bera and Park 

(2008) remarked that Markowitz's (1952) mean-variance 

efficient portfolio selection is the one of the most widely 

used approaches in solving portfolio diversification 

problem. However, contrary to the notion of 

diversification, mean-variance approach often leads to 

portfolios highly concentrated on a few assets. In their 

paper, Bera and Park (2008) have proposed to use cross 

entropy measure as the objective function with side 

conditions coming from the mean and variance-

covariance matrix of the resampled asset returns and 

illustrated their procedure with an application to the 

international equity indexes. Now since risk is associated 

with the concept of uncertainty, we should be able to 

develop measures of risk based on the concepts of 

divergence or cross entropy. We can develop such 

measures of divergence and then show how we can 

develop efficient frontiers for maximizing expected 

returns and simultaneously minimize measures of risk. 

 

In the literature, there exist many well-known measures of 

divergence which find their applications to a variety of 

fields. One such measure is due to Kullback-Leibler 

(1951), which is an important measure of distance and is 

very useful in many real life situations. This measure is 

given by 

  




n

i i

i
iKL

q

p
pQPD

1

log; .                                         (1.1) 

Recently, Parkash and Mukesh (2011) have introduced a 

new measure of cross entropy (divergence), given by 
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2);( ,                                  (1.2) 

and based on this divergence measure (1.2), Parkash and 
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Mukesh (2012a) have developed an optimization principle 

for the measurement of risk in portfolio analysis. 

 

It has been observed that generalized measures of cross 

entropy should be introduced because upon optimization, 

these measures lead to useful probability distributions and 

mathematical models in various disciplines. These 

generalized measures introduce flexibility in the system. 

Some parametric measures of directed divergence are: 
















 




n

i

iiR qpQPD

1

1log
1

1
);( 


, 0,1   ,            (1.3) 

which is Renyi's (1961) probabilistic measure of directed 

divergence. 

















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


n

i

iiHC qpQPD

1

1 1
1

1
);( 


, 0,1   ,          (1.4) 

which is Havrada and Charvat's (1967) probabilistic 

measure of divergence. Some other interesting findings 

related with the literature of cross entropy have been 

provided by Taneja and Kumar (2004), Pardo (2003), 

Parkash and Mukesh (2012b) etc. 

 

In the present communication, we introduce two new 

parametric measures of cross entropy and make their use 

for the measurement of risk in portfolio analysis. Before 

developing these measures, we need a brief introduction 

to the concept of mean-variance efficient frontier due to 

Markowitz (1952). This introduction has been provided 

by Kapur and Kesavan (1992) as explained below: 

 

1.1 Markowitz (1952) mean-variance efficient frontier 

Let j be the probability of the jth outcome for 

mj ,,2,1  and ijr  be the return on the ith  security for 

ni ,,2,1   when the jth outcome occurs. Then the 

expected return on the ith security is given by 

1

m

i j ij

j

r r


 ,  1,2, ,i n .                                         (1.5) 

Also, variances and covariances of returns are given by 

 
2

2

1

m

i j ij i

j

r r 


  , 1,2, ,i n ,                              (1.6) 

and 

  
1

m

ik i k j ij i kj k

j

r r r r   


   , , 1,2, ,i k n ; i k .   (1.7) 

Let a person decide to invest proportions nxxx ,,, 21   of 

his capital in n securities. Assume that 0ix for all i , and 

that 

1

1
n

i

i

x


 .                                                                   (1.8) 

Then, the expected return and variance of the return are 

given by 

1

n

i i

i

E x r


 ,                                                               (1.9) 

And 


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n
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n

i

ii xxxV
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Markowitz (1952) suggested that nxxx ,,, 21   be chosen 

to maximize E  and to minimize V or alternatively, to 

minimize V  when E  is kept at a fixed value. Now 
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j
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where 

1

n

j i ij

i

R x r


   and 

1

n

i i

i

R x r


 .                           (1.12) 

that is, 
jR is the return on investment when the jth  

outcome arises and R is the mean return on investment. 

 

Next, we discuss an optimizational principle developed by 

Parkash and Mukesh (2012a) by using divergence 

measure (1.4). 

 

1.2 Optimization Principle developed by Using 

Measure (1.2) 

Markowitz’s (1952) criterion for a choice from 

nxxx ,,, 21  was to minimize the variance, that is, to 

make
1 2, , mR R R as equal as possible among themselves. 

Any departure of
1 2, , mR R R from equality was 

considered a measure of risk. The same purpose can be 

accomplished if we choose nxxx ,,, 21  so as to minimize 

the directed divergence measure given by (1.2) of the 

distribution
1 1 2 2

1 1 1

, , , m m
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 
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from  m ,,, 21  , that is, we choose nxxx ,,, 21   so 

as to minimize the following measure: 
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where 

1 1 1
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j j i

R x r 
  

  
1

n

ii

i

x r R


  .    (1.14) 

Thus, we can formulate an optimization principle as 

follows: 

Choose nxxx ,,, 21   so as to minimize 

 
 

2

1 1 2 2

1 1 1 1 2 2

m m
j

j j j n nj

j j j j n nj

x r x r x r
x r x r x r




 

   
  

 
,       (1.15) 
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subject to 

 


m

j

njnjjj rxrxrx

1

2211  Constant,     (1.16) 

1 2 1nx x x   ,                                              (1.17) 

and 
1 20, 0, , 0nx x x   . 

Next, we propose two new parametric measures of cross 

entropy and study some of their essential properties. 

 

2 New parametric measures of cross entropy 
In this section, we consider the following set of all 

complete finite discrete probability distributions: 

 








 


1,0:,,,
1

21

n

i

iinn pppppP 
, 2n ,  (2.1) 

and introduce the following parametric measure of cross 

entropy. 

 

2.1 One parametric measure of cross entropy 

For
nQP , , we propose a new parametric measure of 

cross entropy given by the following expression: 

 

log
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1
1
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;

1
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i

i

p
n q

i

i

p

D P Q 

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   
 

 

 , 0  , 1

2
  .  (2.2) 

where   is a real parameter. 

Note: We have 
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log

1

1 1
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1
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2
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i
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 

 
     

    
  

 
 


1

log
n

i
i

i i

p
p

q

 , 

which is Kullback-Leibler’s (1951) measure of cross 

entropy. Thus,  ;D P Q
 is a generalized measure of cross 

entropy. 

 

Some of the important properties of this cross entropy are: 

1.  ;D P Q
 is a continuous function of nppp ,,, 21   and 

nqqq ,,, 21  . 

2.   0;D P Q   and vanishes if and only if P Q . 

3. We can deduce from condition (2) that the minimum 

value of  ;D P Q
 is zero. 

4. We shall now prove that  ;D P Q
 is a convex function 

of both P  and Q . This result is important in establishing 

the property of global minimum. 

Let 
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and 
2

0
i j

f

p p




 
 , 1,2, , ;i j n i j  . 

Hence, the Hessian matrix of the second order partial 

derivatives of f with respect to nppp ,,, 21  is given 

by ijaH 1 , where 
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, 

which is positive definite. Similarly one can prove that the 

Hessian matrix of second order partial derivatives of f  

with respect to nqqq ,,, 21   is positive definite. Thus, we 

conclude that  ;D P Q
 is a convex function of both 

nppp ,,, 21   and nqqq ,,, 21  . Moreover, with the help of 

numerical data shown in the following table 1, we have 

presented  ;D P Q
 as shown in the following figure 1. 

 

Table 1.  ;D P Q
 against p  for 2, 10n   . 

p q  ;D P Q
 

0.1 0.5 0.5906 

0.2 0.5 0.3104 

0.3 0.5 0.1310 

0.4 0.5 0.0317 

0.5 0.5 0.0000 

0.6 0.5 0.0317 

0.7 0.5 0.1310 

0.8 0.5 0.3104 

0.9 0.5 0.5906 

 
Fig. 1. Convexity of  ;D P Q

 with respect to P. 
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Under the above conditions, the function  ;D P Q
 is a 

valid parametric measure of cross entropy. 

 

Next, we propose a two parametric measure of cross 

entropy. 

 

2.2 Two parametric measure of cross entropy 

For any
nQP , , we propose a new parametric measure 

of cross entropy given by 
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log
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1
1

2 2
;
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i

p
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
, 0, 0   ,   .  (2.3) 

Where ,  are real parameters representing some 

environmental factors, and the presence of these 

parameters gives a great deal of flexibility towards 

applications and also take into account the factors which 

might not have been possible otherwise. 

Note: We have 
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. 

Thus,  , ;D P Q 
 is a generalization of Kullback-Leibler’s 

(1951) measure of cross entropy. 

 

Some of the important properties of this cross entropy are: 

1.  , ;D P Q 
 is a continuous function of nppp ,,, 21   and 

nqqq ,,, 21  . 

2.  , 0;D P Q    and vanishes if and only if P Q . 

3. We can deduce from condition (2) that the minimum 

value of  , ;D P Q 
 is zero. 

4. We shall now prove that  , ;D P Q 
 is a convex function 

of both P  and Q . 

Let    , 1 2 1 2, , , ; , , ,; n nD g p p p q q qP Q    

The Hessian matrix of the second order partial derivatives 

of g  with respect to nppp ,,, 21   is given by ijbH 2 , 

where 
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, 

which is positive definite. A similar result is also true 

when we consider the partial derivatives of g with respect 

to nqqq ,,, 21  . Thus, we conclude that  , ;D P Q 
 is a 

convex function of both nppp ,,, 21   and nqqq ,,, 21  . 

Moreover, we have presented  , ;D P Q 
 against p for 

2, 10, 15n      as shown in the following figure 2. 

 

 
Fig. 2. Convexity of  , ;D P Q 

 with respect to P. 

 

Under the above conditions, the function  , ;D P Q 
 is a 

valid parametric measure of cross entropy. 

 

3 Measuring risk in portfolio analysis using 

parametric measures of cross entropy 
In this section, we consider the following two cases for 

measuring risk in portfolio analysis by using two different 

parametric measures of cross entropy: 

 

3.1 Measure of risk by using cross entropy (2.2) 
Recently, Parkash and Mukesh (2012a) provided an 

optimization principle involving non-parametric measure 

of cross entropy (1.2) for the development of measures of 

risk when a person decides to invest proportions of his 

capitals in different securities. If we use one parametric 

measure of divergence developed in (2.2), we get a 

measure of risk in accordance with the optimization 

principle discussed in subsection 1.2. This measure is 

developed as follows: 
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If 
2

1
 , minimizing the measure (3.1), we mean the 

maximization of expected utility of a person whose utility 

function is given by   R

x

xxu

log

1
2

1








  . In this case the 
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person is risk-averse. If 
2

1
 , minimizing the measure 

(3.1), we mean minimization of the expected utility of a 

person whose utility function is given 

by   R

x

xxu

log

1
2

1








  . In this case the person is risk-

prone. 

 

Thus, minimizing this measure implies the minimization 

of the expected utility of the risk-prone person and 

maximization of the expected utility of a risk-averse 

person. 

 

3.2 Measure of risk by using cross entropy (2.3) 
If we use the two parametric measure of cross entropy 

developed in (2.3), we can get another measure of risk 

discussed below: 
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.                   (3.2) 

If   , minimizing the measure (3.2), we mean the 

maximization of expected utility of a person whose utility 

function is given by  
R

x

xxu

log

2
2

1

2 



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







. In this case 

the person is risk-averse. If   , minimizing the 

measure (3.2), we mean minimization of the expected 

utility of a person whose utility function is given 

by  
R

x

xxu

log

2
2

1

2 



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


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


. In this case the person is risk-

prone. 

 

Thus, minimizing this measure implies the minimization 

of the expected utility of the risk-prone person and 

maximization of the expected utility of a risk-averse 

person. 

 

Concluding Remarks 

Our study reveals that by using parametric measures of 

cross entropy, we can talk of maximizing the expected 

utility of risk-averse persons and of minimizing the 

expected utility of risk-prone persons. Such a study can be 

made available by the use of some other measures of 

cross entropy. 
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ABSTRACT 
 
This paper presents an overview on an output feedback controller with a combination of H2/H∞/µ. The design objective 
is a mixture of robust stability, nominal/robust performance, strict limitations on control signal and minimization of 
disturbance effects. In a physical system, the several targets contribute in a system control. Each one of the nominal and 
robust performance targets has their own strengths and weaknesses. A new approach in the presented paper is a 
combination of the two output feedback controllers of µ and H2/H∞.  When all objectives are formulated in terms of a 
bounded real lemma, controller design results in a solution for a system of LMI. The purpose of the presented paper is to 
make balance between the nominal and the robust performance of output feedback. First, we use mixed H2 and H∞ norm 
for a nominal performance target while the other use µ synthesis for the robust performance.  By combining these two 
controllers, the procedure of weights achievement will be formulated. Finally, modeling of an unmanned aircraft is 
applied to show the effectiveness and benefits of this method.  
 
Keywords: H2/H∞/µ controller, LMI, multi-objective output feedback, uncertain dynamic systems, single person 
aircraft. 
 
INTRODUCTION 
 
Unmodeled dynamics, non linearity of systems and the 
availability of disturbance are among some of the reasons 
explaining why the linear control systems theory has 
never reached to the ideal solution. For this reasons, 
several targets have been employed in a system control 
(Mashayekhi et al., 2013). Robust Stability means that the 
system will be stable with uncertainty, while the nominal 
performance which implies considering the system 
operation without uncertainty, has decisive effect on the 
operation of a system. By robust performance, we mean 
considering the system operation with uncertainty. It is 
obvious that whenever the singular values of controller 
are higher, the performance of systems will be more 
desirable, but at the same time, it provides higher chances 
of saturation occurrence. In order to consider the robust 
performance, we used µ analysis. Operating limitation on 
controlling signal increase of controlling signal leads to 
saturation of the actuators. H2 norm essence can be 
responsible for such targets. Minimizing disturbance 
effect distortion can result in undesirable effect of 
transient response, therefore, reduction of the effect of 
disturbance, is one of the controlling targets. Mixed norm 
of H2 and H∞ can be a useful strategy to reach the 
mentioned controlling targets. To date, several studies 

have been performed on the mixed norm and the multi- 
objective control. This paper tends to reduce controlling 
signal, robust performance and stability and design 
weight functions. One of the new approaches of this 
paper is the combination of two controllers of µ and 
H2/H∞ based on output feedback. The controller for 
robust stability status, nominal performance, robust 
performance and noise reduction are continuously 
designed. First, the controller of H2/H∞ will be designed 
for nominal performance targets, robust stability and 
noise reduction, and then µ controller will be designed for 
robust performance. Now, add up these two controllers 
and achieve their weights with LMI. Controller will be 
achieved from solving the optimization problem. At first, 
a controlling problem will be changed to LFT standard 
form, considering uncertainty, then, the status equations 
will be written and by use of the constraint's weight 
function the robust controlling targets will be reached.  
The static output-feedback problem is one of the 
problems in systems and control theory that has been 
researched a lot. The use of output feedback provides the 
flexibility and simplicity of implementation. Moreover, in 
practical applications, full state measurements are not 
usually possible. Therefore, the restricted-measurement 
static output-feedback problem is of the issues with 
extreme importance in practical controller design 

*Corresponding author email: mashayekhijavad@yahoo.com 
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applications such as flight control. The first formulation 
of the H∞ control problem was performed in 1981 by 
Zames. Next to Zames (1981) and Doyle et al. (1989, 
1991) were the pioneers of robust control. To date, large 
numbers of researches have been performed to study of 
the robust control, the H2 control and H∞ control. (Doyle 
et al., 1989) analyzed the state space with H∞ and H2 
standard form and its solving. The conditions of solving 
problem and its solution using Hamiltonian matrix 
introduction could be mentioned as the highlights of this 
paper. Also Doyle et al. (1991) presented a tutorial 
overview on the linear fractional transformations (LFTs) 
and the roles of the structured singular value, µ, and 
linear matrix inequalities (LMIs) in solution of LFT 
problems. Lescher et al. (2006) designed a multivariable, 
multi-objective controller to set the wind turbine. 
Controlling problem of this paper was the minimization 
of H2/H∞. This problem was solved by LMI. His 
controller resulted in reduction of costs and mechanical 
depreciation. Also, it increased the lifelong of the system. 
Rotea et al. (1991) combined H2/H∞, in this way, two 
important approaches were presented, 1) H2 optimized 
control with H∞ bound (in fact a bounded optimization), 
and 2) Simultaneous H2/H∞ optimized control. In each 
step, the problem formulation and the controller were 
implimented. Scherer et al. (1997) presented an overview 
on the approach of linear matrix inequality (LMI) for the 
multi-objective synthesis of the linear output-feedback 
controllers. The design objectives could be a mixture of 
H∞ performance, H2 performance, passivity, asymptotic 
disturbance rejection, time-domain constraints, and 
constraints on the closed-loop pole location. In addition, 
these objectives could be specified on different channels 
of the closed-loop system. In the work of Echchatbi et al. 
(2009) the robust static output feedback stabilization of 
an induction machine was addressed. The machine was 
described by a non homogenous bilinear model with 
structural uncertainties, and the feedback gain was 
computed via an iterative LMI (ILMI) algorithm. Pereira 
et al. (2004) addressed the mixed H2/H∞ robust control 
problem. An algorithm based on GAs and LMIs was 
proposed in order to find a fixed structure output 
feedback robust controller. H∞ design has been considered 
for the static output feedback, Holl et al. (2004) addressed 
the applicability of the matrix-valued sum-of-squares 
(SOS) techniques for the computations of LMI lower 
bounds. In a study conducted by  Gadewadikar et al. 
(2009) the problem of stabilization of an autonomous 
rotorcraft platform in a hover configuration exposed to 
external disturbances was discussed. Necessary and 
sufficient conditions were presented for the static output-
feedback control of linear time invariant systems using 
the H∞ approach. Prempain et al. (2001) claimed that the 
existence of a static output feedback control law is given 
in terms of the solvability of two coupled Lyapunov 
inequalities which results in a non-linear optimization 

problem. However, by the use of state-coordinate and 
congruence transformations and by imposing a block-
diagonal structure on the Lyapunov matrix to find the 
solution of a system of Linear Matrix Inequalities, they 
saw a reduction in the determination of a static output 
feedback gain, for a specific class of plants. Kanev (2004) 
expressed the reason of why the output feedback problem 
in the presence of uncertainty is a bilinear matrix 
inequality (BMI) problem, and BMI problems are not 
convex. Actually, such problems have been shown to be 
NP-hard which means that they cannot be expected to 
have polynomial time complexity. Raissi Dehkordi et al. 
(2009) dealt with the robust performance problem in a 
linear time-invariant control system in the presence of the 
robust controller uncertainty. Assuming that the plant 
uncertainty is modeled as an additive perturbation; a 
geometrical approach was followed in order to find a 
necessary and sufficient condition for the robust 
performance in the form of a bound on the magnitude of 
controller uncertainty. This method is performable for the 
SISO systems. Authors know that this method is more 
efficient than the approach of structured singular value. 
Another study, Mashayekhi et al. (2013) presented a state 
feedback control of linear time invariant systems using 
the H2/H∞/µ approach. The rest of this paper is organized 
as follows: Section I establishes the problem which will 
be addressed and the H2/H∞, µ and H2/H∞/µ combination 
control will be demonstrated. Section II presents the 
example design of Single Person Aircraft (X-29). In 
Section III, the approach will be illustrated and the results 
of the simulations will be discussed.  
 
Problem Statement 
A.  H2/H∞ Controller 
The existence of uncertainty is due to an uncertain and 
erratic input (for example noise and disturbance) and the 
Unmodeled dynamic is caused when we cannot 
completely and precisely describe a true system by a 
mathematical model at all. On the other hand, the 
important issues of a true system are the following 
objects: robust stability, robust and nominal performance, 
settling time, and maximum over shoot and so on, which 
try to gain these objectives about the controlling problem 
(Akbar et al., 2009; Lescher et al., 2006; Rotea et al., 
1991). The type of uncertainty is an important problem in 
analysis. Zhou et al. (1994) and Liu (2002) researched on 
the optimization approach of mixed H2 and H∞ norm.  
 According to small gain Theorem, a system shown in 
figure 1 is well-posed and internally stable for all 

∞∈∆ RHs )( with 1 if and only if Mγ γ−
∞ ∞

∆ < < . 
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Fig. 1. ∆M − MODEL. 
 

 
 
Fig. 2. Additive uncertainty. 
 
Additive uncertainty shown in fig. 2 robust stability task 
is: 1

H
11 K)KGI(KP)KGI(q −

∞

−− γ<+⇒+=  (1). 

The objective for the inner loop control is to design an 
output feedback law such that the close loop system 
satisfies the following performance specifications: 
 
Objective 1: if 0=∆  then 1FS <∞ (nominal 

performance). 1)GKI(S −+= (S is sensitivity function and 
F(s) is weighting function). 
 
Objective 2: if 0≠∆ then system has been robust 
stability. K)KGI(M 1−+= , 1M)S()j())j((if <γ⇒ωγ≤ω∆σ ∞

                                                                                                                    

 
Objective 3: n is white noise with one PSD (power 
spectral density). H2 Norm, cause decreasing of 
controlling signal. 1nT

2H1U < (To minimize U1 variance 

with noise input). (Mashayekhi et al., 2013) 
 
Then we have three tasks for controller design 
( 1FS <∞ , 1M)S( <γ ∞ 1T

1nU <
∞

), such that,   

1
)G,K((RT

)G,K(M
)G,K(FS

<
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
γ

∞

 (2). Problem (2) shown in figure 4. Rotea 

and Doyle offer two methods to solve this problem (Rotea 
et al., 1991; Zhou et al., 1994). Mashayekhi et al. (2013) 
shows similar method for solution of the simultaneous 
multivariable controller. A large class of systems with 
uncertainty can be treated as LFT (Linear fractional 
Transformation). LFT model is shown in figure 3 (Zhou 
et al., 1998).  

 

 
 

Fig. 3. LFT Model. 
 

 
 
Fig. 4. Graphical model of problem (2). 

 
W: the disturbance signals to the system which will not be 
a function of states of the system, Z: the variable that will 
be controlled, P: the nominal open loop system, Y: the 
system measurable output. To transform the changed 
diagram of figure 4 to the LFT model, we will be written 
the problem to standard form, and we will be dissolving 
using of riccati equation (Scherer, 1990). The (2) LFT 
model is practicable in form (4) and it can be used to 
design a controller by theorem 2. The state space of figure 
4 is written in (4). 
Determining 3 weight matrices, specified in figure 4, 
contain special importance. Using robust optimal output 
feedback method for (4) equations, and this is a new 
approach.  
 

)3(               r
RT
γM
FS

Z
Z
Z

Z
3

2

1

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
== , 

uDWDxCy

uDWDxCz

uBWBAxx

22212

12111

21

++=

++=

++=&

   

{
f ff

  γ γγ

RR R

CL 1 2

f1

2

3

0 B BA   0 0 0x x
B - B D - B D-B C  A 0 0x x f f ff= + r n ux 0 0 Bx0 0 A 0 γ W

x x 0 B B0 0 0 A R R
A B B

-D C  Cz
z

=
z
y

⎡ ⎤
⎢ ⎥⎣ ⎦

⎡ ⎤⎡ ⎤⎡ ⎤ ⎡ ⎤
⎢ ⎥⎢ ⎥⎢ ⎥ ⎢ ⎥ ⎡ ⎤⎢ ⎥⎢ ⎥⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎢ ⎥⎢ ⎥⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎢ ⎥⎢ ⎥ ⎣ ⎦⎢ ⎥ ⎢ ⎥
⎢ ⎥⎢ ⎥⎢ ⎥ ⎢ ⎥⎣ ⎦⎣ ⎦ ⎣ ⎦ ⎣ ⎦

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

&

&

&

&
144424443 144424443

[ ]

f f

f γ
γR R R
R

CL1

2

D   - D D   - D D0 0 x ff  
x 0 0 D0 0 C     0γ + r n u
x 0 D D0 0 0 C
x- C  0 0 0 1 - D - D

DC

C

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

⎡ ⎤⎡ ⎤ ⎡ ⎤
⎢ ⎥⎢ ⎥ ⎢ ⎥
⎢ ⎥⎢ ⎥ ⎢ ⎥
⎢ ⎥⎢ ⎥ ⎢ ⎥
⎢ ⎥⎢ ⎥ ⎢ ⎥
⎢ ⎥⎢ ⎥ ⎢ ⎥⎣ ⎦⎣ ⎦ ⎣ ⎦144424443 144424443

(4)

  

 
B. µ Controller  
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Here we try to assess robust performance of this closed-
loop system using µ-analysis associated. Robust 
performance condition is equivalent to the following 
structured singular value µ test (Doyle et al., 1991). 

1( , ) ( ) ,, PT M M Wwz γ γ µ γ−
∆∞∞∆ < ∀ ∆ < ⇔ < ∀       (5) 

The complex structured singular value ( )Mµ∆  is defined 

as
{ }( )

1

min ( ) det( ) 0M I M
µ

σ∆ =
∆ − ∆ =

. Lower and Upper 

bond of µ can be shown 
to 1( ) ( ) min ( )P UM M DMDµ σ −

∆≤ <  (Packard et al., 1993). 
 
1)  D-K iteration 
Unfortunately, it is not known how to obtain a controller 
achieving the structured singular value test directly but, 
we can obtain the lower and upper bounds of µ. Our 
approach taken here is the so-called D-K iteration 
procedure (Doyle et al., 1992). First, for D = I fixed, the 
controller K is synthesized using the well-known state-
space H∞, optimization method. LFT form of figure 2 is 
written in equation 6. 
 

[0 0 ]

0 0 0

P
x A x B W

U

q I P
z C x I I D W
y C I I D U

⎡ ⎤
⎢ ⎥= + ⎢ ⎥
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⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ ⎥= − + − −⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ ⎥− − −⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣ ⎦

&

                              (6) 

 
C.  New approach: H2/H∞, µ combination  
Now, we tend to synthesize two controllers according to 
figure 5. As mentioned before, Nominal performance 
means considering system operation without uncertainty 
has decisive effect on the operation of a system. Robust 
performance means considering operation with 
uncertainty. It is obvious that whenever the singular 
values of controller are higher, systems performance is 
more desirable, but also it provides higher chances of 
saturation occurrences. So, we tend to balance between 
robust and nominal performances. W1 and W2 are weight 
functions as matrices in multivariable systems. Of course, 
it is important that robust performance contains nominal 
performance, so, controller coefficient of µ should be 
smaller than H2/H∞ controller coefficient (Mashayekhi et 
al., 2013). In a more explicit description, controller 
includes two parts, the first one using mixed H2 and H∞ 
norm and the other using µ synthesis. These two parts, 
include weights each of which have Important roles in 
systems control, because robust and nominal performance 
targets, has its own definiteness which their combination 
can create a new solution. 
Problem A: Determine W1 and W2, in a way that an 
additive uncertainty system contains robust stability.  

1
1 1 2 2 1 1 2 2( ) ( )

1

M W K G W K G I W K W K

M

−

∞

= + + +

<
                    (7)     

      

 
Fig. 5. Controller H2/H∞/µ. 

 
 
Fig. 6 Multiplication uncertainty. 
 
Problem B: Determine W1 and W2, in a way that a 
system having Multiplication uncertainty contains robust 
stability. 

 
1

1 2 2 1 1 2 2( ) ( )1
1

M GW K GW K I GW K GW K

M

−

∞

= + + +

<
              (8) 

 
According to figures 2 and 6 we use state space to solve 
the problem A and B. 
 
1) Robust optimal static output feedback 
In this section we intended to follow the analysis of the 
conditioning of the pole placement problem with the 
multi-input case which is called the generalized output 
feedback. The Static Output-feedback (SOF) synthesis 
problem deals with a given class of systems, to derive 
theoretical conditions for the existence of a static control 
law and associate them with the numerical methods. The 
class of continuous-time, Linear Time-Invariant (LTI) 
systems is addressed. The systems are given as multi-
input/multi-output state-space models. In addition to the 
control input vector and the measure output vector that 
define the control loop, the models may include some 
other input/output signals. They are introduced for 
input/output performance specifications defined by H2 
and H∞ norms and µ synthesis. In this paper, we assume 
that the state of the generalized plant G is available for 
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the feedback. To be more precise, let a state-space 
description of P (Fig. 3) be given by (LFT Model): 

A Bclcl
C Dcl cl

A = A + BKC , B = B + BKDwcl cl w
C = C , D = Dwcl cl

= +

= +

x x w

y x w

&

                 (9)  

 
The signal W refers to disturbance. The signals U and Y 
represent the control input and the measured output, 
respectively. After gaining K1 by H2/H∞ and K2 by µ 
analysis, we tend to determine the weight functions, by 
the use of linear matrix inequality.  
 
Lemma1: (bounded-real lemma) given a constant 0>γ , 
for system, M(s) = (A, B, C) the following two statements 
are equivalent, 1) this system is stable γ<

∞
)( sM  , 

2) A symmetric positive definite matrix Q exists such 
that: (Boyd et al., 1994) 
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                             (10) 

 
Lemma 2: Consider the feedback system of Figure.3, 
where G is given by (8). Then, a given controller K is 
admissible and closed loop system is robust stability and 
desired performance if and only if there exists 1 2W and W  
solving the following LMI problem: 
 
LMI of system (9), considering BRL theorem will be 
(11). ( 1β γ −= ) 
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Where, 1
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Proof:  LMI of system (9), considering BRL theorem will 
be (12). ( 1β γ −= ) 
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of the matrix, define  
1
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Substituting into (12) yields:   
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In this method must be m=l. m, number of inputs and n, 
number of outputs. 
 
 2)   METHODOLOGY  
 
a. To design the H2 /H∞ output controller for the process 
with uncertainty. (it helps to select the weighting function 
properly).  
b. For H2/H∞ design we can use Rotea and Doyle method. 
(Rotea et al., 1991; Zhou et al., 1994; Doyle et al., 1994) 

or use 1
)G,K((RT

)G,K(M
)G,K(FS

<
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣
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γ

∞

and obtained K1. 

c. For ,F and Rγ , we use weighting functions to limit the 
magnitude of the sensitivity and complementary 
sensitivity functions. 
d. To design the µ output controller for the process with 
uncertainty (if the process is unstable, at the beginning, it 
must be stabilized).  D-K iteration method can be used to 
improve the performance of the controller design for the 
system. Peak value of the µ (D-K iteration) bound should 
be less than one, and obtained K2. 
e. Order reduction method can be used to reduce the order 
of the I+GK, and transfer to state space equation and 
given cA . 
f. ( ) ( )1 1 1 1

1 c1 2 c2 K B A A ,  K B A AC C− − − −= × − = × − . A, B are in 

P-K system (LFT Model). 
g. 1 2,W W  are given with LMI (11) then the robust 
stability of the system has to be established. 
h. H infinity norm of W2 must be smaller than W1.  
i. 21 1 2K W K W K= + . This controller (K) has robust 

stability and desired performance. 
 
I. Example Design 
A. Single Person Aircraft(X-29) 
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In an airplane five main sections could be listed they are: 
motor, body section, landing system and wheels, wing 
and tail. The pitch angle of an airplane is controlled by 
adjusting the angle (and as a result, the lift force) of the 
rear elevator. The aerodynamic forces (lift and drag) as 
well as the airplane's inertia are taken into account. The 
X-29 aircraft is a recent example of a control configured 
vehicle which was designed with a high degree of 
longitudinal static instability (up to 35 percent at low 
subsonic speeds).  The vehicle is stabilized by a full-
authority, fly – by – wire flight control system. Prior to 
the flight, the linear models were used extensively to 
determine the close loop stability, controllability, and 
handling qualities with the various control system modes 
through the flight envelope.  This section describes the 
commercials aircraft models which are now implemented. 
In the work of Bosworth (1992) which is a 
comprehensive report of NASA; the research has been 
conducted over X-29 state equation and model. Tae ( 
2000) only designed the ∞H controller over X-29. While 
Minisci et al. (2008) designed the multi-objective robust 
control for F-16 and F-18 airplanes.  The X-29 airplane is 
a relatively small, single seat, high-performance aircraft 
powered by a single F404-GE-400 engine (General 
Electric, Lynn, Massachusetts). Its empty weight is 
6350kg and the aircraft dimensions are shown in figure 7 
also, the aircraft picture is shown in figure 8 in order to 
provide a low-drag configuration the vehicle incorporates 
a forward-swept wing with close-coupled canards. The 
airplane physical characteristics are listed in table 1. 
 
The aircraft model is obtained by linearization of the 
nonlinear equations of motion about a 280 ft/sec 
(307km/h) landing configuration (Bosworth, 1992). The 
three input three output model which describes the 
longitudinal dynamics is given as follows (Bosworth, 
1992; Tae, 2000): 
 
Table. 1. X-29 physical characteristics. 
 

kg 6350 weight N.M  
8130 

Maximum trust 
force 

3.437 m2 Canard area α Angel attack 

8.29m Wing span 17.185 
m2 

Wing area 

sfδ Symmetric 
flap position 

stfδ Strake flap 
position 

θ Pitch Euler 
angel 

cδ Canard 
position 

v Horizontal 
speed 

θ& Pitch rate 

    
 

c

sf

stf

v (ft / sec)
α (rad)

x Ax Bu , y Cx , x
θ (rad / sec)
θ (rad)

δ (deg) θ (rad)
u δ (deg) , y v (ft / sec)

α (rad)δ (deg)

−⎡ ⎤
⎢ ⎥−⎢ ⎥= + = =
⎢ ⎥−
⎢ ⎥

−⎢ ⎥⎣ ⎦
− −⎡ ⎤ ⎡ ⎤

⎢ ⎥ ⎢ ⎥= − = −⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥−− ⎣ ⎦⎣ ⎦

&
&

 (13)  

 
Fig. 7. Axes coordinate in aircraft. 

 
Fig. 8. X-29 airplane. 
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III. Simulation results 
The longitudinal dynamics of an aircraft has one natural 
mode: the short period mode. For the X-29, the short 
period mode, however, is composed of the stable mode 
and an unstable one. At first, we design H2/H∞ controller 
and design µ controller. These controllers designed for P-
K system. This system is four input four outputs. Then, 
for reducing the order of I + GK, a residualization method 
was implemented. By consideration of the practical 

experiments and in accordance with equation (2), the 
weight functions selection with 0.0001(s + 0.01)

R = I
s + 1

, 

0.2222s + 0.6667
F = I

0.11s +1
, 0.0001(0.25s + 2)
γ = I

1.5s + 0.0001
 (Lanzon, 2000). 

1 2K and K design with equations 2 and 8. 1 2,W W , are 
obtained via equation 11. According to figure 5, K is 
design. At first we designed the weight functions which 

 
Fig. 9. Singular value for weighting functions and P (LFTModel).  

 
Fig. 10. Singular value for W1 and W2 Weighting function of  H2/H∞, µ combination. 



Canadian Journal of Pure and Applied Sciences 2976

were drawn in figure 9, a, b, c. are selected the weighting 
functions (Beaven et al., 1996; Sararth, 2011) by taking 
into account the practical experiments, The singular 
values of LFT model are drawn in figure 9-d. The 
Singular value for W1 and W2 Weighting function of 

H2/H∞, µ combination is shown in figure 10. 
While, the Singular value for T complementary sensitivity 
function is drawn in fig.11. the step response of T 
function is depicted in fig.12. It must be noted that, as it 
was mentioned, the system is multi input-output; and the 

 
 
Fig.11. Singular value for T complementary sensitivity function. 
 

 
Fig. 12. Step responses for T complementary sensitivity function. 
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weight and sensitivity functions are the shape of matrix. 
The sign of success is the combination of nominal and 
robust performance, together. Accomplishment in 
reaching to the targets with the minimum controlling 
signal is of the gains of noted controller. The open-loop 
system is an unstable one, but the close-loop system 
showed appropriate results. 

 
CONCLUSION  
 
The paper brings out a global approach for robust static 
output-feedback design in which the multiple 
specifications can be simultaneously defined.  In this 
paper, the problem of the mixed H2/H∞/µ robust control 
was addressed. An algorithm based on LMIs has been 
proposed in order to find a reach to a static output 
feedback robust controller which minimizes the cost of an 
H2 performance subjected to H∞ norm and µ synthesis 
constraints. Each of the nominal and the robust 
performances has their own strengths and weaknesses.  
The availability of robust performance has lead to the 
intensive limitations on the controller, which sometimes 
exhales it from a possible problem (Keel et al., 1997). 
Also, availability of the nominal performance means 
considering the system operation without uncertainty, and 
it is usual that the essence of uncertainty has a decisive 
effect on the operation of the system. New approach of 
this paper is a combination of two controllers of µ and 
H2/H∞ based on output feedback. The controllers for 
robust stability status, nominal performance, robust 
performance and noise reduction are continuously 
designed. First, the controller of H2/H∞ will be designed 
for nominal performance targets, robust stability and 
reduction of noise, and then µ controller will be designed 
for robust performance. Afterwards, these two controllers 
are added up and their weights would be obtained through 
LMI. Also, the controller will be achieved from solution 
of the optimization problem. This paper attempts to 
present an implementation approach for the multivariable 
controlling systems. In operation, we look for 
minimization of the faults. If the available error function 
is not desirable, the use of a suitable weight function can 
lead us to the target. So, design of the weight function is 
extremely important. By knowing the data of the problem, 
we will have the information on which of the frequencies 
has more uncertainty effect. It is obvious that the 
controller effect of µ should be considered here. Because 
of multivariable exceptional values system, controller and 
considered inputs-outputs were shown. Using two low 
pass filters and one high pass filter for H2/H∞ controller, 
we tended to optimize the solutions. First, the equations 
of X-29 aircraft state space are written. Then, the robust 
static output-feedback controller will be designed. The 
results which are shown in the figures indicate that the 
unstable system becomes stable in the presence of 
uncertainty using the proposed controller. The results are 

also indicative that the proposed approach shows an 
appropriate and desired performance. 
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ABSTRACT 
 

Ensuring the quality of any type of food, particularly seafood has increasingly become an important issue nowadays.  
The environment is polluted in many ways, such that the consumption of seafood by compromising the quality may 
cause diseases due to infection or intoxication. So the adoption of proper quality control systems is mandatory in any 
organization that deals with food processing and distribution. In this regard, we have proposed an ontology based system 
in seafood companies to ensure the quality of seafood. Ontology is a formal specification of the concepts within a 
domain and their interrelationships. It describes the logical structure of a domain, its concepts and the relations between 
them. The aim of ontology is to capture knowledge in related fields, provide a shared under standing of conceptual 
knowledge, define a common vocabulary in this field, and give clear definition to the mutual relationship between these 
words from different levels of formal models. This paper presents the initial phase of our research viz, design and 
construction of seafood ontology in Web Ontology Language [OWL]. It is an extension of our work which is published 
earlier. Protégé is used to implement the ontology. 
 
Keywords: Ontology, seafood, taxonomy, protégé. 
 
INTRODUCTION 
 
Seafood has traditionally been a popular part of the diet in 
many parts of the world and in some countries constituted 
the main supply of animal protein (Vinu et al., 2012a). 
The global consumption of fish and seafood has doubled 
since 1973 and is expected to increase by 25% by 2015 
(EIA, 2012).  However, ensuring seafood quality has 
increasingly become an important issue nowadays and is 
the first step to get attention to countries seafood products. 
Consumption of seafood may cause diseases due to 
infection or intoxication (Vinu et al., 2012a). The 
environmental risks of seafood include water pollution, 
metal pollution and other bacterial pollution (Vinu et al., 
2012a). The main hazards associated with seafood are 
bacteria such as E. coli, Salmonella, Vibrio Cholera etc., 
virus, bio-toxins such as PSP, DSP, NSP etc.,  histamine 
poisoning, parasites, chemicals such as cadmium, lead, 
mercury etc. Food regulations, such as Hazard Analysis 
Critical Control Point (HACCP), Good Manufacturing 
Practice (GMP), or Good Hygiene Practice (GHP), aim to 
guarantee a certain level of quality. To ensure the quality 
of seafood, we have proposed an ontology based systemin 
seafood companies and in this paper, we present the initial 
phase of our research viz, development of seafood 
ontology. It is an extension of our work published earlier 
(Vinu et al., 2012b). 

The Semantic Web is simply a web of data described and 
linked in ways to establish context or semantics that 
adhere to defined grammar and language constructs 
(Hebler et al., 2009). The idea of Semantic Web is to 
make web resources more accessible to automated 
processes.  WWW is formatted for human consumption 
rather than programs. So by incorporating semantics, if 
web pages are clearly understood by the machines, then 
they will be able to integrate information from different 
sources, automate the processes and reuse the information 
across various other applications in an automated way.  
The basis of the Semantic Web is semantic relationships. 
The relationships include definitions, associations, 
aggregations, and restrictions (Hebler et al., 2009). 
Semantic Web does not rely on text-based manipulation, 
but rather on machine processeble metadata. Metadata is 
data about data and it is able to capture the meaning of the 
data. Meta data consists of (attribute, value) pairs that 
helps to categorize web pages. Ontologies play an 
important role here, by providing a domain vocabulary for 
metadata using which the semantic description is built. 
They are well known for many years in the Artificial 
Intelligence and Knowledge representation communities 
(Akerkar, 2009). Ontology is a formal specificationof the 
concepts within a domain and their interrelationships 
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(Sherimon  et al., 2013a). Ontology defines the basic 
terms and relations comprising the vocabulary of a 
domain as well as the rules for combining terms and 
relations to define extensions to the vocabulary (Neches et 
al., 1991). They define vocabularies and their meanings, 
with explicit, expressive, and well-defined semantics, that 
can be easily interpreted by machines. Ontology contains 
both the asserted knowledge and the inferred knowledge 
(Sherimon et al., 2013c). Asserted Knowledge is the 
knowledge that is explicitly defined by the ontology 
developers. When ontologies are reasoned by machines, 
valid deductions and inferences are generated which 
iscalled inferred knowledge (Sherimon et al., 2013c). 
 
To create ontology, W3C has proposed a number of 
languages. The first semantic web language as part of 
metadata standardization from World Wide Web 
consortium [W3C] is RDF (Hebler et al., 2009). The core 
format for representation of data in semantic web is RDF 
(Resource Description Framework) which is based on 
triples subject (resource)-predicate (property)-object 
(property-value). The fundamental concepts of RDF are 
resources, properties and statements.  A resource can be 
anything in the world; for example a website, or a real 
object like ‘apple’.  Resources are identified using 
Uniform Resource Identifiers (URI), Uniform Resource 
Locator (URL) or a global, unique code based on W3C 
standards. Properties are a special kind of resources. They 
describe the relations between the resources. It is linked 
with other resources via URI which uniquely identifies 
documents.  But using RDF, it is not possible to describe 
neither the relationship between the relationships 
themselves, nor the relationships between resources and 
properties. So W3C extended RDF to RDFS (RDF 
Schema) (Thottupuram et al., 2011). Using RDF Schema 
vocabulary terms and the relations between those terms 
can be defined. RDFS has still weaknesses; so on top of 
RDFS, W3C has built OWL. OWL ontologies are web 
documents referred to by URIs (Arroyo et al., 2004). 
OWL is a stronger language as compared to RDF and has 
much machine interpretability (Gupta et al., 2010). 
 
MATERIALS AND METHODS 
 
Ontology Design and Construction 
To design ontology, many design decisions have to be 
made to ensure that it will suit the stated purpose. There is 
no single method to design ontology. We cannot say this 
is the right way or this is the wrong way, but still some of 
the designs provide clarity in the functionalities than 
others. The ontologies are derived from the real world 
conceptualization shared by humans as a knowledge base 
and implemented in digital through machine readable 
languages such as OWL, XML (Gupta et al., 2010).  The 
first step consists of determining the domain and the scope 
of the ontology. It will be the first step to answer 
questions like for what purpose the ontology is being 

developed. It identifies the range of the users and the type 
of questions which the ontology should answer. Next is to 
decide whether to use already existing ontologies, and if 
so, how to use them. Then all the terms that are needed in 
the development of ontology is listed. Next, define the 
hierarchical structure (taxonomy) to organize the domain 
knowledge. The concepts in the domain are described by 
the main component of the ontology, which is class. 
Classes are defined using owl:Class. <owl:Thing> is the 
base class under which, the fundamental ontology 
constructs provided by OWL such as other classes, 
properties and instances are created. Classes may contain 
subclasses that inherit their characteristics and they also 
contain instances. Instances may have properties which 
connect them to values or other instances.  Then the 
properties, facets and instances are defined. OWL 
supports two types of properties – data type and object.  
Object Properties relate objects to objects, whereas Data 
type properties relate objects to data type values. 
 
Implementation of Seafood Ontology  
Ontology Tools 
Protégé, developed by Stanford University is currently the 
best known ontology editor. It is a free, open-source 
platform that provides a growing user community with a 
suite of tools to construct domain models and knowledge-
based applications with ontology (Sherimon et al., 2013c). 
Further, Protégé can be extended by way of a plug-in 
Architecture and a Java based Application Programming 
Interface for building knowledge-based tools and 
applications (Sherimon et al., 2011). Protégé supports a 
number of plug-ins. OWL plug in produces ontologies in 
OWL language.  OWLViz is the plugin used to visually 
represent the class hierarchies in the ontology. OntoGraf 
tool is used to represent the relationships in the ontology. 
SWRL [Semantic Web Rule Language] plugin supports 
the use of rules. 
 
Classes and Subclasses 
The ontology requires the representation of each concept 
in Seafood domain and its attributes. The Seafood 
ontology has been defined in OWL, and Protégé is used to 
model the ontology. Figure 1 represents the 
implementation of seafood ontology in Protégé. The main 
domain concepts which are disjoint are Product, Fish, 
Test, Test-Specification, and Country. owl:Thing is the 
most general class, which contains all the above concepts. 
The class Product is further categorized into disjoint 
subclasses Chilled_Product, Frozen_Productand 
Raw_Material. Test Specification is another main class 
which is further categorized into disjoint subclasses, 
External-test and Internal-Test. This is to describe the 
tests done in the factory (Internal-Test) and in outside 
governmental agencies (External-test).  Each of these 
subclasses are again subdivided into two subclasses each 
for representing the test specifications of Seafood and 
non-food items like Water, Ice, Salt etc. Each of these 
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subclasses is further subdivided into many more 
subclasses which represents specific test item based on 
country, item type etc. To represent a product sample, an 
ID, the arrival date of the sample in lab, the date in which 
the sample is tested, and the country to which it is 
intended to export needs to be defined by building object 

and data properties such as exportTo, sampleId, 
sampleArrivalDate, sampleTestDate etc. 
 
The plugin OWLViz enables class hierarchies in ontology 
to be viewed and incrementally navigated.  Figure 2 
represents a part of the taxonomy of Seafood ontology. 
 

 
Fig. 1. Seafood Ontology. 

 
 
Fig. 2. Taxonomy Representation in OWLViz. 
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Apart from object and data properties, property 
restrictions are also specified in the ontology. A property 
restriction describes the class of individuals that meet the 
specified property-based conditions. Here necessary 
conditions are asserted to different classes and some are 
inherited from the parent class through cardinality 
restriction and value restriction. For instance, Property 
Restrictions defined in Test-Spec-External-Salt class are 
given below: 
 
Test-Spec-External-Salt ⊆ ∀ testType only Purity (1) 
Test-Spec-External-Salt ⊆ = testType exactly 1 (2) 

Test-Spec-External-Salt ⊆ = foodType exactly 1 (3) 
 
The equation (1) represents a value restriction to specify 
the condition that all instances of External Test 
Specification of salt contains only purity test. The 
equation (2) is a cardinality restriction and it specifies that 
the instances of this class will have exactly one testType. 
This condition is implemented by the universal restriction 
allValuesFrom (only) and the cardinality exactly on the 
property testType. Both the above conditions are 
necessary conditions. This property specifies that all 
instances in this class must have values only from the 

 
 
Fig. 3. Property Restrictions (Necessary Conditions) of Test-Spec-External-Salt class. 

 
Fig. 4. Checking the Consistency of Ontological Concepts. 

 

 
 
Fig. 5. Taxonomy Classification. 
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specified range for the specified property. Also the Test-
Spec-External-Salt class inherits a value restriction from 
the parent class Test-Specification (See Fig. 3).  Figure 2 
represents the property restrictions of Test-Spec-External-
Salt class. 
 
RESULTS AND DISCUSSION 
 
Ontology Reasoners are used to check the consistency of 
the ontology and to automatically compute the ontology 
class hierarchy (Sherimon  et al., 2013b). The reasoner 
helps to check the consistency, classification, realization, 
and concept satisfiability. Reasoner checks whether there 
is any inconsistency in the class hierarchy. The 
reasonerwill find out any hidden relationship in the 
ontology (Sherimon et al., 2013d). If a class does not 
contain any individuals, it would be an inconsistent class. 
Also based upon the class description, reasoner will find 
out if there exist any subclasses of a given class. Thus 
class hierarchy will be inferred by the reasoner. Also all 
inferred axioms are generated by the reasoner. Ontology 
based reasoning makes a way to discover new knowledge, 
which can lead to new directions in research (Sherimon et 
al., 2014). Protégé does not include a reasoner. So we 
have to use external reasoners. By default, Protégé doesn’t 
include any reasoning ability. But it supports many third 
party reasoners such as Fact++, HermiT and Pellet. Here, 
Pellet Reasoner, a popular open-source reasoner 
developed by University of Mary Land is used to reason 
the ontology. 

In Seafood Ontology, reasoning is done using Pellet 1.5.2.  
The consistency is checked, taxonomy is classified and 
the inferred instances are computed. Figure 4 represents 
the result obtained when consistency checking is done. It 
was found that there are no inconsistent classes in the 
ontology. Figure 5 represents the result of taxonomy 
classification.  Here inferred hierarchy and equivalent 
classes are computed and the total time to complete the 
task is generated. Figue 6 represents the inferred instances 
of the class ‘Fish’. Thus the seafood ontology was tested 
and validated to verify the correctness of data. 
 
CONCLUSION  
 
The OWL based ontology for the Seafood, was 
constructed with Protégé according to the standard 
ontology development process.  We have extended the 
seafood ontology that was developed earlier by us, by 
adding more concepts, properties and property 
restrictions. Consistency checking of ontology and 
classification of classes has been done with the support of 
Pellet reasoner.  When ontologies are reasoned by 
machines, valid deductions and inferences are generated. 
Ontology provides a shared and common understanding of 
a domain that can be communicated across people and 
application systems. Ontologies are able to define 
relationships, semantics, enhanced clarity, all of which 
collectively enable information retrieval in a meaningful 
way. The future scope of this paper is to add rules to the 
ontology using SWRL [Semantic Web Rule Language] 

 
Fig. 6. Inferred Instances. 
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and to implement the ontology based seafood quality 
assurance system. 
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