
EDITORIAL 
It is a great pleasure for me to introduce this 22nd issue of ISESCO Journal 
of Science and Technology, dedicated to “Environment”. Indeed, no one 
questions the inevitability of the environmental challenge nowadays, both 
for developed and underdeveloped countries.
There is no denying our environment is constantly changing, hence the need 
for increasing awareness of the problems associated with it. With a massive 
influx of natural disasters, warming and cooling periods, different types of 
weather patterns and much more, people need to be aware of the types of 
environmental problems our planet is facing. Global warming has become 
an undisputed fact about our current livelihoods; our planet is warming up 
and we are definitely part of the problem. 
It is my belief it is time to adopt new approaches to tackle environmental 
challenges by implementing effective strategies and programmes to preserve 
and use our environmental assets and natural resources proficiently and ensure 
an appropriate climate change mitigation and adaption response through 
transition into renewable and clean energy.
ISESCO has been aware of its role as an effective actor in this regard, and 
has planned actions focused on environmental protection. To this end, it has 
organized several activities dealing with the issue, and developed strategies 
devoted to water management and natural disaster risk reduction, based on the
the recommendations of the meetings of the Islamic Conference of Environment 
Ministers, which will hold its 7th session in 2017 at ISESCO headquarters. 
In this regard, The COP22, held in Marrakech in November 2016, provided 
an ample opportunity to highlight the role of ISESCO in promoting envi-
ronmental awareness in its Member States. While promoting an education 
programme on sustainable development, ISESCO stressed the importance 
of South-South cooperation by means of sensitizing and raising awareness 
about climate change impacts through the transfer of knowledge and tech-
nology, the sharing of best practices regarding water and climate resilience 
and adaptation, and the use of renewable energy.
I would like to express my optimism and reiterate the strong resolve of all 
ISESCO Member States to develop a thoughtful renewable energy strategy 
and provide real incentives to industry players.
Finally, I hope the articles featured in this issue may serve as an incentive 
to researchers and policy makers to put environmental challenges on top 
of their priorities.
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Abstract

Solar energy can be turned into other forms of energy directly and indirectly. The simplest 
and most efficient of these is converting it into thermal energy using solar collectors. The 

aim of this paper is to increase the flat air collector’s efficiency using a variety of arc-shaped 
deflectors. For this purpose, three kinds of solar collectors were studied, differing from each 
other in the presence or absence of deflectors and also in their arrangement. Collector type 
SC110 was used without a deflector, type SC111 was fitted with a 4 cm-wide arc-shaped deflector, 
and type SC112 with a 7 cm-wide arc-shaped deflector, but they all had different latitudinal and 
longitudinal distances. The distance in collector type SC111 was 6 cm, and 9 cm in collector 
type SC112. 16 thermal LM35 sensors were used at different points of the collector. The pressure 
drops of these collectors were measured by a U-shaped water differential monometer. In order 
to carry out experiments and relevant tests, data collection was conducted in the exterior area 
of the Agricultural Faculty of Tabriz University, with a single-walled glass cover. The results 
showed that the greatest difference between the average input and output temperature in the 
single-walled glass collectors was in type SC112, SC111 and SC110, respectively. The highest 
output temperature was noted in collector type SC112. The average temperature of the absorber 
plate for collector type SC110 was higher than the other two types of collectors. In this study, the 
highest efficiency was achieved with collector type SC112 with 48.75%, and the lowest efficiency 
was noted in collector type SC110, at 43.95%.

Keywords: Absorber Plate, Collector Efficiency, Roughened Plate, Solar Air Collector.
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1. Introduction

Concerns about climate change caused by carbon 
emissions in the atmosphere are prompting countries 
around the world to find ways to reduce emissions 
(Paris et al., 2013).[1] Due to limited fossil fuel reserves 
and the pollution caused by their consumption, using 

[1] Paris A., Fokaides, I., Chrysovalanto, M., Marina, K.A., Neophytou, 
L. and P. Spyridou. 2013. Promotion of wind energy in isolated energy 
system: case of the Orites wind farm. Clean Technologies and Environ-
mental Policy.
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renewable and clean energy such as solar and wind 
energy has been considered. Solar collectors with 
other heating systems are needed to improve energy 
management and optimize fuel consumption (Xinshi 
and Hong, 2003).[2] Flat plate-collectors are solar 
collectors in which solar radiation energy is changed 
into thermal energy. One of the most important features 
of these collectors is the power to absorb scattered and 
direct radiations simultaneously. The other advantage of 
these collectors is that they do not require sun tracking 
and their maintenance is easy. By using collectors, 
some amounts of solar radiation can be reflected on the 
surface of the collectors (Daniels and Lawndes 1975).[3]

Flat-plate collectors are the most common type of 
collectors. The main elements of these collectors 
are: a cover made of glass and clear plastics (such as 
polyethylene) to allow sunlight to pass through and 
reduce heat loss, a black metal  absorber plate under 
the glass cover to enhance absorption of solar energy 
and prevent reflection, heat conductor fluid, insulation 
and pipes for fluid circulation. The heat emitted to the 
collector warms the plate and heat is transferred to the 
fluid by heat conduction, the result being that the hot 
fluid is prepared on exiting from the collector. Flat-
collector types are divided into two categories: one 
having liquid fluid and another one having gas (Whillier, 
1955 and Hottel, 1955).[4,5] The simplest types of 
collectors as special heat exchangers are the flat-plated 
ones which use air as a mediator for collecting heat. 
The most effective way for increasing the efficiency 
of these collectors is to create a turbulent flow at the 
top and bottom of the absorbing plate. Deflectors are 
used to create turbulence in the air flow and make some 
different flows top and bottom layers, thus increasing 
air flow contact with the hot absorber plate that causes 

increased output temperature, thus improving collector 
efficiency (Jahed and Ajabshirch 2014).[6]

Extensive studies have been conducted on solar collectors 
of which some are referred to in the following. (Nikuradse 
1950)[7] obtained temperature and velocity distribution 
on a roughened plate. By studying the obtained data he 
showed that the velocity profile in a turbulent flow area 
is remarkably dependent on the Reynolds number and 
blade height, and consequently developed a parameter 
which encompasses both of them.  Another researcher 
(Hans et al., 2010)[8] concluded that the thin layers 
of air near the absorbing plate prevent heat transfer 
to the substrate. In reaction, they set conditions to 
disturb these layers using types of V-shaped blades and 
repeating this in the air channel’s width and length, 
observing considerable increases in heat transfer 
while increasing the friction coefficient. (Akpinar and 
Kocyigit 2010)[9] reviewed the performance of a new 
collector with different types of blades and different 
angles, and compared it with types without blades. The 
results showed that collector efficiency is considerably 
dependent on the amount of sunlight, the collector’s 
surface geometry, and path and air flow rate. (Kiyanifar 
et al., 2007)[10] compared solar radiation data measured 
on horizontal surface during 2001-2006 with values 
calculated with the help empirical relations. The results 
showed that using a tilted surface instead of a horizontal 
surface with monthly adjustments in Mashhad increased 
energy absorption by 19%. (Kiyanifar et al., 2007)[10] 
evaluated the performance of two kinds of porous 
blades sized 6 and 10 mm and an area of 50 m2 located 

[2] Xinshi, G.E. and Y. Hong. 2003. Solar Air Heating System. Solar Energy, 
Vol. 1, No. 1.

[3] Mc Daniels, D.K. and D.H. lawndes. 1975. Enhanced solar energy 
collection using reflector-solar thermal collector combination. Solar 
Energy Vol. 17, No 5, pp. 277-283.

[4] Whillier, A. 1955. Principles of solar house design. Progressive Archi-
tecture: 122-126.

[5] Hottel, H.C. 1955. Residential uses of solar energy. Proceedings of the 
World Symposium on applied Solar Energy. Phoenix, Arizona.

[6] Jahed, S.H. and Y. Ajabshirchi. 2014. Experimental study of the effect of 
obstacles on Efficiency of flat plate air solar collector.

[7] Nikuradse, J. 1950. Laws of flow in rough pipes. NACA. Technical 
Memorandum 1292.

[8] Hans, V.S., Saini, R.P. and J.S. Saini. 2010. Heat transfer and friction 
factor correlations for a solar air heater duct roughened artificially with 
multiple v-ribs. Solar Energy 84: 898-911.

[9] Akpinar, E.K., Kocyigit, F. 2010. Experimental investigation of thermal 
performance of solar air heater having different obstacles on absorber 
plates. Int Commun Heat Mass Transfer 37: 416–421.

[10] Kianifar, A., Mousavi, S.M. and P. Hagh Parast. 2007. Total radiation 
estimating and slope angle determination for solar collectors in 
Mashhad region. 6th National Energy Conference.
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on the plate, alternately. The temperature parameters 
of input and output air, absorbent plate, environment 
and solar irradiance were measured at two levels of air 
mass flow: 0.016 and 0.025 kg/s. In this experiment, 5 
kinds of solar collectors were tested and compared in 
terms of efficiency. The results showed that the highest 
collection efficiency and air temperature increase 
occur with the 6-mm thick collector and air mass of 
flow 0.025 kg/s. (Hanif Khalil et al., 2012)[11] evaluated 
the efficiency of a solar collector of which the hot air 
was used for drying at three different flow rates. One 
of them had a natural flow rate of 0.01 kg/s and the 
two other rates were compulsory flows by changing 
the fan speed to 0.21 and 0.25 kg/s. Due to the high 
temperature difference between the absorber plate and 

its surroundings, losses at low flow rates increased 
sharply, thus efficiency rose from 20% at a natural 0.01 
flow rate to 35% at a 0.25 rate. It was concluded that 
to achieve maximum efficiency in drying, the higher 
the air flow rate, the greater the efficiency. (Lanjewar 
et al., 2011)[12] empirically examined the effect of the 
heat transfer and friction coefficient of the rectangular 
duct with W-shaped blades on the lower level on a wide 
surface slope that had been arranged with flow direction. 
The results of the heat transfer and friction coefficient 
of a smooth duct without blade sunder the same flow 
and thermal boundary conditions were compared to 
determine the hydraulic thermal performance and 
maximum increase in the Nusselt number. The friction 
coefficient was reported as the result of using deflectors. 

Figure 1. Overall view of solar collector with overall components.

[11] Khalil, H., Amir Khan, M., Ramzan, M., Ur Rahman, M., Khanm, A.M., 
and A. Akhtar. 2012. Drying of apricots using a proficient dish type 
solar air heater. World Applied Sciences Journal 18 (8): 1102-1106.

[12] Lanjewar, A., Bhagoria, J.L. and R.M. Sarviya. 2011. Heat transfer 
and friction in solar air heater duct with W-shaped rib roughness on 
absorber plate. Energy 36 (2011) 4531-4541.
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The results showed that the values of the above factors 
were calculated at 2.36 and 2.01, respectively, for the 
smooth duct. Reviewing research on the optimization 
of solar air collectors shows that the most effective way 
for increasing heat exchange is to use a finned plate 
under the absorber plate, causing turbulence in the flow 
pattern and increasing the Reynolds number (Jahed and 
Ajabshirch, 2014).[6]

After consideration of the literature, the aim of this paper 
is to improve the thermal efficiency of flat-plate solar 
collectors. For this purpose, three kinds of flat-plate 
solar collectors were evaluated by experimental tests. 
One did not have a blade and others had arc-shaped 
blades that were different in terms of arrangement and 
concentration.

2. Materials and methods 

In this research, three solar collectors were evaluated 
in the agricultural faculty of Tabriz University. The 
surface area of these collectors was 1m2 and the 
absorber plate was made of galvanized 1.15 mm-thick 
iron covered with matte black color for better sunlight 
absorption. Single-walled 4 mm-thick glass was used 
at the top of the absorbent plate to create greenhouse 
conditions. The lower plate as holder and the lowest 
part of the collector was made of 8 mm-thick MDF 
at the dimensions of 127.5×83 Insulation made of 5 
mm-thick rock wool was used in this part to decrease 
thermal loss. The plate’s adjunct was made of 8 mm-
thick MDF at a dimension of 126.5 and was located 
under the absorbent plate. The blades were made of 
2 mm-thick galvanized iron. The considered blades 

Figure 2. A view of arc-shaped blades.

Figure 3. The arrangements of deflectors were placed on the roughened plate. A) SC111, B) SC112.
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Figure 4. Arrangement of temperature sensors (1. on finned plate and 2. on absorber plate).

Figure 5. Comparison between inputs and environment tempera-
ture for a five-day experiment.and 2. on absorber plate).

and their arrangements were designed on an MDF 
plate using CATLA software. The blades were arc-
shaped. Figure 1 shows the overall view of the solar 
collector and Figure 2 shows the types of blades. 
Blades were installed on the rough plate at a suitable 
angle (45 degree) relative to the MDF plate. 4 cm-wide 
blades were installed at a longitudinal and latitudinal 
distance of 6 cm and 7 cm-wide blades were installed 
at a longitudinal and latitudinal distance of 9 cm on 
the MDF plate with a suitable arrangement. Figure 3 
shows this arrangement on the plate.

One channel was considered in front of the air input 
and output to provide space for a uniform flow in the 
collector width, reduce error and remove the effect of 
wind on the values of the collector’s temperature as 
well as the pressure values of the input air channel and 
output air channel. 

To measure temperature, the LM35 sensor was used. 
The LM35 is one of the most popular sensors for 
measuring and determining temperature and measures 
temperatures between -55 to +150. This sensor shows 
11 mv increased output voltage per temperature degree. 
16 temperature sensors were used for every collector 
(6 sensors for the finned plate and 10 for the absorber 
plate). Figure 4 shows the arrangements of sensors on 

the finned plate. Sensors 1 and 2 were considered as 
input temperature, 3 and 4 as intermediate and 5 and 6 
as output temperature sensors.

To measure air flow and wind speed at the collector’s 
output, a hot wire (YK-2004AH) anemometer was 
used. To measure radiation intensity, a TESS1333 solar 
meter was used. Since the experiments were conducted 
in summer, if the collector was placed at a 30-degree 
angle to horizon, more solar radiation would be absorbed. 
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Therefore, all three collectors were placed at a 30 degree 
angle north-south. In order to calculate the solar 
collector’s efficiency, the following relation was used 
(Aydin 2005, Kurtbash and Durmash, 2004):[13,14]

Where Qu is the obtained thermal energy (W), Qs is the 
incident solar energy (W), m° is air mass flow (kg/s), 
Cp is the specific air heat at constant pressure (J/kg°C), 

To – Ti is input and output air temperature (°C), I
β
 is 

intensity of incident solar radiation (W/m2) and A is 
collector area (m2). In the above relation cp, special air 
heat at constant pressure is considered equal with 1003 
J/kg°C. Considering that the average output speed 
for every collector was different and the difference 
of average mass flow at all hours was very small, to 

3. Results and discussion

The obtained data for every collector for five-day 
experiments were first analyzed by EXCEL and 
MATLAB and then after calculating the means in the 
five days period, the relevant graphs were drawn up. 
In Figures 5, 6 and 7, the mean input, medium and 
output temperatures of single-wall cover collectors 
and average environment temperatures were compared 
during the five days of experiments.

According to Figure 5 and the observed changes in 
collector input temperature, it is concluded that the input 
temperature of collector type SC110 was converging 
with the input temperature of SC111 and SC112 at all 

calculate average efficiency at all hours, the final mass 
flow was used which was achieved for collector types 
SC110, SC111 and SC112 at 0.02, 0.018 and 0.017, 
respectively. The area of the absorber plate was 1m2. 
To measure mass flow the following relation was used:

Where ρ is air density (kg/m3), A is the collector’s 
output area (m3) and V is the collector’s output air 
speed (m/s).

Figure 6. Comparison of temperature of the roughened plate to 
ambient temperature during the first 5 days of experiments.

Figure 7. Comparison between output temperatures of the roughened 
plate and environment temperature during the first five days.

(1)
(2)

[13] Aydin, K. 2005. Effect of heat absorbing media on thermal 
performance of air-type solar collectors. A Master of Science thesis 
submitted in mechanical engineering. Graduate School of Engineering 
and Sciences, Izmir Institute of Technology.

[14] Kurtbash, I. and A. Durmush. 2004. Efficiency and exergy analysis of 
a new solar air heater. Renewable Energy 31: 133-142.
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hours of the day and the highest input temperature for 
all three collectors was observed between 1 and 3 pm. 
The reason for the high input temperature in collectors 
SC110, SC111 and SC112 relative to the environment’s 
temperature is the presence of an input air channel with 
a black cover at the input part of these collectors.

In Figure 6, the average temperature  of the rough plate 
in collectors with single-walled covers was examined 
and it was found that the highest mean temperature of 
the roughened plate at all hours of the day is achieved 
by collector SC112 followed by SC111 and SC110. 
The highest mean temperature for the roughened plate 
of collector SC112 was reported at 2 pm and 58.72 °C. 
In collectors SC111 and SC112, the existence of ribs 
under the absorber plate caused more air contact with 
the back of the absorber plate. Arc-shaped ribs change 
the flow pattern, cause turbulence and lead the flowing 
fluid below the absorber plate which increases the 
Reynolds number and the Nusselt number.

According to Figure 7, given the output temperature of 
the roughened plate and environment temperature, the 
highest output temperature was achieved by  collector 
SC112 at 2 pm (60.42 °C) followed by SC111. The 
lowest output temperature at all hours was that of 

collector SC110. In collector SC112, arc-shaped 
ribs which in terms of width are wider than collector 
SC111, the fluid turbulence under the absorber plate 
was higher, thus raising the Reynolds number and the 
Nusselt number and causing more heat transfer to fluid 
by convection.

Figure 8 shows the graphs related to the mean 
temperature of the collectors’ roughened plate during 

Figure 8. Comparison between temperatures of roughened plate 
in three collectors and environment temperature during the first 

five days of the experiment.

Figure 9. Comparison between the average temperature of the 
roughened plate in three collectors and environment temperature 

during the first five days of the experiment.

Figure 10. Average solar radiation intensity (W/m2) during the first 
five days.
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the 5-day experiment. The results of this Figure show 
that the highest roughened plate temperature was 
achieved by collector SC112 and the lowest one was 
for collector SC110. Therefore, it can be concluded that 
collector SC112 had a higher temperature difference 
than collector SC111 (that is, the considered blades 
changed the flow pattern so that the following fluid had 
more contact with the back of the absorber plate and as 
a result more heat was transferred to fluid). Collector 
SC110 did not show any change in flow patterns since 
it had no ribs and showed the lowest temperature 
difference.

Figure 9 draws a comparison between the mean 
temperatures of the absorber plate for all three collectors. 
According to this figure, the absorber plate of collector 
SC110 had the highest temperature at more hours of 
the day with the maximum temperature recorded at 2 
pm (86.23 °C). The absorber plate of collector SC112 
had the lowest temperature from 11 am to 2 pm and 
the absorber plate of collector SC111 had the lowest 
temperature from 9 to 11 am. It can be said that in 
collector SC110 (which has no ribs), the flowing 
fluid had less contact with the absorber plate. Thus, 
it received less heat from the absorber plate and the 
absorber plate’s temperature became higher. Therefore, 
the collector of which the roughened plate achieved 
a higher temperature due to a better contact with the 
absorber plate and to absorbing more heat from it, 
caused the absorber plate to be cooler. The temperature 
difference of the absorber plate in collectors SC111 and 
SC112 was lower than the absorber plate in collector 
SC110 between 9 and 11 am. But this difference rose 
between 11 am and 5 pm. Figure 10 shows the changes 
in solar radiation intensity for data collecting days. 
Solar radiation intensity before sunrise and after sunset 
is zero. It increased near noon and decreased again after 
it. Maximum solar radiation intensity in the studied 
area was observed at 752.28 W/m2 at 2 pm.

Equation 1 was used to estimate efficiency levels. 
Figure 11 shows that the efficiency of collector SC112 
from 9 am to 12 am was higher than the other two 
collectors, but that between 12 am to 5 pm, collector 
SC111 had a higher efficiency. The higher efficiency Figure 11. Calculated efficiency of three single-walled cover 

collectors using first method.

in collectors with a roughened plate compared with 
collector SC110 which has no roughened plate is owed 
to the created flow pattern which causes increased input 
and output temperatures in collectors with a roughened 
plate and hence increased efficiency in collectors 
SC111 and SC112. 

According to Figure 11, collectors SC112, SC111 and 
SC110 with average efficiencies of 48.75%, 46.89% 
and 43.95%, respectively, had the highest efficiency.

Conclusion

In this research, single-walled collectors were examined, 
compared and investigated individually, under the same 
conditions during a 5-day period. In these collectors, 
an output channel with a 45° gooseneck was used to 
decrease wind effect on the values of output temperature 
and also pressure values. The results showed that in 
single-walled collectors, input, medium and output 
temperatures and roughened plate temperature at 
mosthours for collector SC112 are higher than for the 
other two collectors. The maximum output temperature 
at noon is 60.42 °C and the lowest value was observed in 
collector SC110. The temperature of the absorber plate 
in collector SC110 is the lowest due to the absence of 
ribs, which absence reduces heat attraction. Collector 
SC112 has the lowest output temperature at all hours 
of the day since it has 7 cm wide ribs and attracts more 
heat from the absorber plate. 
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Abstract

With the recent surge in fossil fuel prices, cleaner energy systems such as wind turbines 
have become a viable technology for power generation. These turbines have immense 

potential for integration in the built environment for standalone power generation purposes. But 
the setup of wind turbines in the built environment is more complicated than in rural and open 
spaces. For various reasons, interest is growing for vertical axis wind turbines (VAWTs) over 
horizontal axis wind turbines (HAWTs) for power generation in built-up areas. In the recent 
past it has been observed that vertical axis micro wind turbines are being installed in home built 
environment to satisfy people’s energy needs. In this paper, different forms of home built vertical 
axis wind turbines have been reviewed with respect to their location factors, designs that lead to 
performance improvements, along with their implementation opportunities and challenges in the 
built environment.

Keywords: Built Environment, Darrieus Rotor, Vertical Axis Wind Turbines.
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1. Introduction

Built environment wind turbines (BWTs) are defined 
as wind turbines located in an urban or suburban 
environment (built environment). Most BWTs are also 
classified as small wind turbines (SWTs) which are 
100 kilowatts (kW) or less. Small-scale wind energy 
covers small wind turbines (SWT) which are generally 
intended to supply electricity to buildings. Such systems 
are drawing increasing interest as one of a number of 
microgeneration technologies with the potential of 

reducing carbon emissions. Li et al.[1] noticed that 
recently roof top solar PV systems are becoming very 
popular, which systems’ average cost is much higher 
than grid connected small wind system. This makes 

ISESCO
JOURNAL
of Science 
and
Technology
Vol. 12 No 22

[1] Li, D., Wang, S. and P. Yuan. 2010. A review of micro wind turbines 
in the built environment”. Power and Energy Engineering Conference 
(APPEEC), Asia-Pacific, 1-4.



A.R. Sengupta, A. Biswas, R. Gupta

12

small wind technology a feasible contender for the 
building-integrated energy production market. As per 
the statistics of the Small Wind World Report[2], by the 
end of 2011, a cumulative total of at least 7,30,000 small 
wind turbines were installed all over the world (except 
India and Italy), 74,000 of which were newly built that 
year. During 2011, the number of installed small wind 
turbines grew by 11%. The globally installed small 
wind capacity reached more than 576 MW by the end 
of 2011. 

Recent trends in the small wind industry have shown an 
aggressive annual 35% increase in new installed capa-
city for the past years. The growth rate is expected to 
continue until 2015, reaching an annual installation of 
400 MW of SWTs. Based on a conservative assumption, 
the market could subsequently see a steady compound 
growth rate of 20% from 2015 to 2020. The industry is 
projected to reach approximately 1,000 MW of newly 
installed capacity added annually by 2020 to achieve a 
cumulative installed capacity of 5 GW in 2020.

1.1. Types of built environment wind turbines

Dutton et al.[3] reported that nowadays, wind turbines 
applied in the built environment are of three different 
classes according to their installation type: building 
integrated wind turbines, building mounted wind turbines 
and building augmented wind turbines.

1.1.1. Building integrated wind turbines

Building integrated wind turbines are turbines incor-
porated close to the buildings. They can be supported 
independently of the building.

1.1.2. Building mounted wind turbines

Building mounted wind turbines are coupled like an 
addition of turbines to the building structure. To place 

the turbine in a desirable wind flow, the building can be 
effectively used as a tower. The structure of the building 
must be able to support the turbine both in terms of 
loads and within noise and vibration constrains.

1.1.3. Building augmented wind turbines

Building augmented wind turbines are those where 
the building is used to intentionally alter and augment 
the flow into an installed turbine. This can be done 
in two ways: firstly, a building can be constructed as 
a concentrator to enhance airflow around the rotor. 
Thus, the same power output from a smaller rotor can 
be achieved and cost is also reduced. Figure 1 shows 
different styles of wind turbines installed in high rise 
buildings.

[2] Small Wind World Report 2013. Published by: World Wind Energy 
Association, www.wwindea.org.

[3] Dutton, A.G., Halliday, J.A. and M.J. Blanch. 2005. The Feasibility of 
Building-Mounted/Integrated Wind Turbines (BUWTs): Achieving their 
Potential for Carbon Emission Reductions”. Council for the Central 
Laboratory of Research Councils, Didcot.

[4] Dannecker, R.K.W. and A.D. Grant. 2002. Investigations of a Building 
Integrated Ducted Wind Turbine Module. Wind Energy 5, 53-71. 

Figure 1. Different types of wind turbines installed in buildings[1]

Secondly, the implementation of a ducted wind turbine 
can be done which seems to be feasible for integration 
into the leading roof edge of conventional tall buildings 
that generate differential pressures, and cause an increased
mass flow through the turbine, which has been investi-
gated by Dannecker and Grant[4]. Figure 2 depicts 
the prototype of a roof mounted ducted wind turbine 
installed in a building. Here wind speeds up to 30% 
higher than in the approaching free stream. It may be 
induced in the duct and good performance is obtained 
for angles of incident wind up to ±60°. From the power 
and energy prediction model it was observed that 
predicted power and energy yield for the ducted wind 
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[5] Van Bussel, G.J.W and S.M. Mertens. 2005.Small wind turbines for 
the built environment. EACWE4, The Fourth European & African 
Conference on Wind Engineering. J. N´aprstek & C. Fischer (eds); 
ITAM AS CR, Prague, Paper No. 210, 2005.

[6] Ledo, L., Kosasih, P.B. and P. Cooper. 2011. Roof mounting site analysis 
for micro-wind turbines. Renewable Energy 36, 1379-1391 

[7] Abohela, I., Hamza, N. and S. Dudek. 2013. Effect of roof shape, wind 
direction, building height and urban configuration on the energy yield 
and positioning of roof mounted wind turbines. Renewable Energy 50, 
1106-1118. 

turbine are significantly higher than the conventional 
turbine or the photovoltaic panel.

1.2. Requirements for wind turbines in the built 
environment

Van Bussel and Mertens[5] investigated small wind 
turbines in buildings, their location selection and 
discussed some novel designs that can be installed in the 
built environment. The different design requirements 
to use wind turbines in the built environment are: good 
performance in complex winds, safe working in the 
urban environment, minimum noise level, simple and 
sturdy design, minimized maintenance and good visual 
impact. For tracking variations in wind direction, 
HAWTs use the yawing system. In urban areas and 
on top of buildings, variation in wind directions 
is important, meaning that HAWTs have a clear 
disadvantage as they are direction-dependent. This 
results in continuous misalignment of the wind turbine 
as wind direction changes, and the turbine sustains an 
inherent loss in efficiency. This largely explains the 
preference of a VAWT for rooftop application. Higher 
aerodynamic efficiency can be achieved in a VAWT by 
using lift driven turbines. For generating their driving 
force, these wind turbines use airfoil shaped blades. 
Just like modern HAWT, lift based VAWT usually runs 

Figure 2. Wind turbine with special designed 
augmented equipment[4]

fast and has slender blades. In case of drag driven wind 
turbines, they attain a considerably lower aerodynamic 
efficiency with high solidity. So in the case of rooftop 
applications, a lift driven VAWT will be a worthier 
design selection than the drag driven one.

The most widely known example of a lift driven 
VAWT is the Darrieus wind turbine. When the blades 
move perpendicular to the oncoming wind the energy 
extraction takes place. With respect to a modern HAWT, 
the Darrieus wind turbine has some lower efficiency. 
This turbine can run without much difficulty in high 
turbulent wind environment which is an important 
advantage in case of built environment applications.

2. Important factors for locating and 
employing a wind turbine in the built 
environment

2.1. Location and integration in the built environment

The issues being considered to select the site for wind 
turbine installation are: land availability, structure and 
safety, noise and visual impact. Some relevant studies 
are summarized here. Ledo et al.[6] examined the site 
analysis and performed simulation for wind flow above 
houses with different roof profiles, namely pitched roof, 
pyramidal roof and flat roof. Based on the turbulence 
intensity level and the velocity above the roof, it has 
been concluded that flat roof is the most appropriate 
shape of the three profiles considered. Power density 
above the flat roof is better and more uniform than 
other roof types. Another investigation was carried out 
by Abohela et al.[7] to see the effect of the roof shape, 
wind direction, building height and surrounding urban 
configurations on the wind flow above the roof to find 
their effect in specifying the optimal mounting location 
on top of the roof. Figure 3 shows the streamwise 
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velocity path lines along the central vertical plan which 
shows the optimal mounting position for all the six 
roofs considered. It was found that the optimal roof 
shape for mounting wind turbines is the vaulted roof 
when the wind direction is parallel to the roof profile 
and the optimum location for mounting the wind 
turbine on top of that roof is at the midpoint of the roof 
at a height of 1.3 times the height of the building. These 
roof mounted wind turbines have higher potentials 
when mounted above tall buildings.

Again a feasibility analysis was performed by Balduzzi 
et al.[8] to evaluate the energetic suitability of a Darrieus 
VAWT installation on the rooftop of a building. CFD 
analysis was carried out to characterize the flow field 
in the rooftop area of two buildings with different 
proportions of average surrounding buildings height 
and their upwind building. The analysis showed that 
notable increments (up to 70%) of the capacity factor 
in the rooftop area of an installation building in the 
urban environment are achievable whenever a building 
that is fairly higher than the average of the surrounding 
constructions is selected and suitable geometric 
proportions of the building itself with respect to its 
upwind building are satisfied.       

Figure 3. Optimum mounting location for different investigated 
roof[7]

Figure 4. Average power coefficient vs. TSR for open and 
augmented rotor[9]

2.2. Design of turbines and their performance 
improvements

A wind turbine‘s performance is a very important factor
in the built environment to produce energy. In this 
context, many theoretical and experimental studies were 
made to improve design parameters and performance, 
some of which are listed here.

To increase the performance of an open and integrated 
rotor of a Darrieus straight-bladed VAWT, Nobile et al.[9] 
performed a numerical analysis only for a 2D CFD 
simulation of an open rotor. After that, and to increase 
the power output of the wind turbine, the same rotor 
was combined with an augmented stator. It was found 
that the introduction of an omni-directional stator 
around the same rotor has the potential to increase the 
power coefficient by 1.35 times when compared to the 
open rotor that can be seen in Figure 4.

[8] Balduzzi, F., Bianchini, A., Carnevale, E. A., Ferrari, L. and S. Magnani. 
2012. “Feasibility analysis of a Darrieus vertical-axis wind turbine 
installation in the rooftop of a building. International Journal of Applied 
Energy 97, 921-929.

[9] Nobile, R., Vahdati, M., Barlow. J.F. and A. Mewburn Crook. 2014. 
“Unsteady flow simulation of a vertical axis wind turbine: a two-
dimensional study. Journal of Wind Engineering and Industrial Aero-
dynamics 125, 168-179.

[10] Tong, C. W.,  Zainon, M. Z., Chew, P. S., Kui, S. C., Keong, W. S., 
and P. K. Chen. 2010. “Innovative Power-Augmentation-Guide-Vane 
Design of Wind-Solar Hybrid Renewable Energy Harvester for Urban 
High Rise Application. In Proceedings of the 10th Asian International 
Conference on Fluid Machinery, 1225 (1), 507-521.

Now, in order to overcome low wind speed in remote 
and urban areas, an innovative power-augmentation-
guide-vane (PAGV) was designed by Tong et al.[10] 
for a VAWT to guide and increase wind speed before 
entering the wind turbine. Geometry optimization was 
performed by CFD simulations and the numerical 
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Figure 5. Views and dimensions of the fabricated ODGV model[11]

[11] Chong, W.T., Fazlizan, A., Poh, S.C., Pan, K.C., Hew, W.P. and F.B. 
Hsiao. 2013. “The design, simulation and testing of an urban vertical 
axis wind turbine with the omni-direction-guide-vane. International 
Journal of Applied Energy 112, 601-609

[12] Rolland, S.A., Thatcher, M., Newton, W., Williams, A. J., Croft, T. 
N., Gethin, D.T and M. Cross. 2013. “Benchmark experiments for 
simulations of a vertical axis wind turbine. International Journal of 
Applied Energy 111, 1183-1194.

[13] Li, Z., Boyle, F. and A. Reynolds. 2011. “Domestic application of 
micro wind turbines in Ireland: Investigation of their economic viability. 
Renewable Energy 41, 1-11.

[14] Barry, M and R. Chapman. 2009. “Distributed small-scale wind in New 
Zealand: advantages, barriers and policy support instruments. Energy 
Policy 37, 3358-3369.

[15] Palm, J. and M. Tengvard. 2011. “Motives for and barriers to household 
adoption of small-scale production of electricity: examples from Sweden. 
Sustainability: Science, Practice, & Policy7 (1), 6-15.

results predicted a power increment of 1.25 compared 
to an open VAWT of the same size. Because of the 
presence of PAGV, the VAWT’s torque was greatly 
increased compared to a VAWT without PAGV. By 
integrating this PAGV, the straight bladed lift type 
VAWT was able to self-start and also for a given 
power output the size of the VAWT can be reduced.  
Another design of a novel omni-direction-guide-vane 
(ODGV) was examined by Chong et al.[11] to improve 
the performance of a 5-bladed (Wortmann FX63-137 
airfoil) H-rotor vertical axis wind turbine by wind 
tunnel testing. Figure 5 represents the geometry and 
dimensions of the fabricated ODGV model. This 
VAWT showed an improvement on its self-starting 
behavior where the cut-in speed was reduced with 
the integration of the ODGV. It was observed that 
the ODGV integrated wind power production system 
increased the rotor rotational speed and improved the 
power output of a VAWT by 3.48 times at its peak 
torque.

Rolland et al.[12] carried out an experimental investi-
gation by designing a 1.6 m diameter vertical axis 
wind turbine prototype in a wind tunnel. The design 
parameters considered here included variation of wind 
speed, wind direction, tip speed ratio and blade pitch 

angle. This device consisted of 8 blades and every blade 
had an inner and outer surface which was linked by 
fillets. Because of this fairing of the blades, an overall 
efficiency gain was noticed. In this design, wind was 
accelerated through the device and the losses due to 
Betz’s effect were reduced.

2.3. Possibilities for implementation

2.3.1. Administrative barrier

Electricity generation from wind energy sources will 
play an important part in the development of future 
strategies for many countries in the world. Li et al.[13] 
found that the economics of micro wind turbines is not 
very clear, which represents a significant obstacle to the 
installation of vertical axis wind turbines in the built 
environment. Barry and Chapman[14] reported that these 
turbines have a higher cost per unit and if these turbines 
are compared with traditional generation, they have a 
higher installation cost and a lower working cost. Palm 
and Tengvard[15] noticed that finding suitable locations 
for wind turbine installation is another challenge. 
Reducing costs requires suitable legal frameworks and 
support schemes. Thus, political incentives are very 
significant for the broader deployment of these turbines 
according to the Small Wind World Report[2].  

2.3.2. Positive factors

Different countries passed policies to encourage 
the development of renewable energy in the built 
environment. Li et al.[1] noticed that the Merton Council 
developed the “Merton Rule” in 2003, which decrees a 
minimum of 10% of energy requirements to be sourced 
from onsite renewable energy to decrease annual 
carbon dioxide emissions in the built environment. As 
the systems are easy to understand, install and operate, 
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householders from foreign countries are also interested 
in micro wind turbine for domestic applications. The 
Small Wind World Report[2] stated that stable and 
appropriate support schemes are needed for the success 
of a large wind turbine application. Feed-in tariffs, 
net metering, tax credits, and capital subsidies are the 
major energy policies geared towards its development.

Conclusions

In this paper, an attempt was made to review available 
literatures on vertical axis wind turbines in the built 
environment from various angles. The key conclusions 
drawn from this present work are summarized below.

• The small scale ducted wind turbine is a viable 
option to incorporate into the leading roof edge 
of conventional high rise buildings. It has also 
been found that the optimal roof shape for 
mounting wind turbines is the vaulted roof 
when the wind direction is parallel to the roof 
profile, and the optimal location for mounting 

wind turbines on top of that roof is in the middle 
of the roof 1.3 times the height of the building.

• The most suitable design choice for application 
in the built environment is the lift driven VAWT 
whose self-starting ability and power output can 
be improved by integrating an Omni-direction-
guide-vane (ODVG) and power-augmentation-
guide-vane (PAGV). An omni-directional stator 
around the rotor of the turbine also increases 
the turbine’s power coefficient.

• The future of this technology depends on the 
cost, characterization of supportive policies and 
economic incentives, fossil-fuel prices, investor 
interest, consumer awareness, certification and
quality assurance, permitting processes and regu-
lations, and wind evaluation tools. If consumer 
demand increases, then financial, wind and 
energy experts expect higher growth rates for 
the application of wind turbines in the built 
environment.
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Abstract

In shipping and aquaculture, respectively, the fouling of hulls and cages by barnacles is a 
considerable problem. Barnacles can also block power station water intakes, and sharp 

Balanus shells can pose a health risk to humans. This study highlights the use of non-supervised 
neural networkstostudy the zonation of barnacles found in intertidal zones at various sampling 
sites on the Penang Island. Barnacles were studied at each zonation of the intertidal areas at 
14 sampling sites; i.e. upper, middle, and lower zonations for every sampling site. From the 
results, three species were identified, including Euraphiawithersi and Chthamalusmalayensis 
from the Chthamalidae family, and Balanus amphitrite amphitrite from the Balanidae family. 
Chthamalusmalayensis was found to be the most abundant of the three species at 44.24% of the 
total population. The distribution of the three barnacle species also varied within the sampling 
locations. Based ona Self Organizing Map (SOM), also known as Non-Supervised Neural Network, 
a distinct zonation was observed where Chthamalusmalayensis was more dominant in the upper 
zonation; Euraphiawithersi on the middle zonation; and Balanus amphitrite amphitrite on the lower 
zonation. The distribution of these barnacles was found to be vertically distributed and affected 
by several factors including abiotic factors such as temperature, light intensity, salinity, and biotic 
factors. The interaction between barnacles leads to competitive exclusion and niche partitioning 
which created zonations among the species. Apart from that, the distributions were possibly affected 
by anthropogenic activities such as embankment, land reclamation, and residential development.

Keywords: Barnacles, Clustering, Distribution, Intertidal, Self Organizing Maps, Zonation.
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1. Introduction

Neural networks are powerful data-modeling tools 
able to capture and implicitly represent complex input/
output relationships. They have been popular since 
1990s. Chon (2011)[1] summarized some of the most 
important and interesting characteristics of neural 
network models that includenon-linearmodeling 
capacity, robustness to noisy data and the ability to deal 
with high dimensional data. Basically, the advantages 
of neural networks are their ability to represent both 
linear and nonlinear relationships and to acquire these 
relationships directly from data. Many researchers 
compared statistical methods to neural networks (Lek et 
al., 1996; Maier and Dandy, 1996; Paruelo and Tomasel, 
1997; and Ball et al., 2000).[2-5] They concluded that 
neural networks perform better compared to traditional 
Multiple Regression and other classes of statistical 
modeling. Neural networksare more flexible, suitable 
for prediction, and can be used to unravel patterns in 
datasets. This approach of ordination and clustering 
is also known as Non-Supervised Neural Networksas 
it isbasedon a non-supervised learning algorithm. 
Kohonen (1989)[6] designed theneural network for 
clustering using SOM or Kohonen mapping. This 
approach has been successfully applied to patterning of 
macro-invertebrate communities (Chon et al., 1996)[7] and 

succession and seasonality of blue-green algae species 
in freshwater ecosystems (Joo and Jeong, 2005).[8] This 
study highlights the use of SOM to cluster the zonation 
of barnacles found in the intertidal zones at various 
sampling sites on the island of Penang. 

Barnacles are crustacean arthropods. They are exclusi-
vely marines and tend to live in shallow and tidal 
waters, are sessile creatures and attach to hard surfaces 
such as rocks, ships, pilings, and other creatures as their 
settlements. Barnacles have appeared significantly 
in marine ecology studies, mainly because they are 
abundant and very accessible on rocky shores. Their 
sessile characteristic makes them easier to observe, 
count and manipulate. However, this sessile nature 
turns them into the most successful marine fouler 
(Southward, 1987),[9] and thus a ‘problem’ species that 
causesbiofouling. Biofouling is the unwanted, non-
desirable attachment and growth of organisms that 
readily occurs on clean, submerged, unprotected man-
made surfaces. The main distinction in biofouling is the 
adhesion of microfoulers such as bacteria, diatoms, and 
microalgae etc. to surfaces causing a biofilm formation. 
It is then followed by the settlement of soft and hard 
macrofoulers, i.e. barnacles, mussels, tubeworms 
etc. (Callow & Fletcher, 1994).[10] Barnacle fouling 
affects ships’ hulls, causing frictional resistance and 
subsequently increasing fuel consumption and costsof  
maintaining an efficient operation of the fouled infra-
structures, as well as increased surface corrosion 
(Southward, 1987).[9] Their distribution is influenced 
by a few environmental factors which include biotic 
interactions – such as predation; seasonal changes in 
environmental conditions, i.e. air temperature; and 

[1] Chon, T.-S. 2011. Self-Organizing Maps applied to ecological sciences.
Ecological Informatics 6; 50–61.

[2] Lek, S., Delacoste, M., Baran, P., Dimopoulos, I., Lauga, J., and S. 
Aulagnier. 1996. Application of neural networks to modeling nonlinear 
relationships in ecology. Ecological Modelling 90: 39-52.

[3] Maier, H.R., and G.C. Dandy. 1996. The use of Artificial Neural 
Network for the prediction of water quality parameters. Water Resources 
Research 32: 1013-1022.

[4] Paruelo, J.M., and F. Tomasel. 1997. Prediction of functional characteristics 
of ecosystems: a comparison of artificial neural networks and regression 
models. Ecological Modelling 98: 173-186.

[5] Ball, G.R., Palmer-Brown, D., and G.E. Mills. 2000. Artificial Neuronal 
Networks: Application to Ecology and Evolution. In Artificial Neuronal 
Networks: Application to Ecology and Evolution.Lek, S., and Guegan, 
J.G. eds. Berlin.New York: Springer Verlag, pp. 165-183.

[6] Kohonen, T. 1989. Self-Organization and Associative memory. Berlin: 
Springer-Verlag.

[7] Chon, T.S., Young, S.P., Kyong, H.M., and E.Y. Eui.1996.Patternizing 
communities by using an artificial neural network. Ecological Modelling 
90: 69-78.

[8] Joo, G.J. and K.S. Jeong. 2005. Modelling community changes of 
cyanobacteria in a flowregulated river the lower Nakdong River, 
South Korea, by means of a Self-Organizing Map SOM. In: Lek, S., 
Scardi, M., Verdonschot, P., Descy, J.P. and Y.S. Park. Eds. Modelling 
Community Changes of Cyanobacteria in a Flow Regulated River the 
Lower Nakdong River, South Korea, by Means of a Self-Organizing 
Map SOM. Springer Verlag, Berlin, pp. 273–287.

[9] Dayton, P.K. 1971. Competition, disturbance, and community organi-
zation: the provision and subsequent utilization of space in a rocky 
intertidal community. Ecology 41, 351-389.

[10] Callow, M.E. and R.L. Fletcher. 1994. Int. Biodeterioration and Bio-
degradation 34, 333-343.
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TABLE 1. Study location around Penang Island

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Site no.

BatuFerringhi

Pantai Miami

Seagate

Gelugor

Jelutong

JetiPantaiJerejak

Queensbay

Gurney Drive

MuaraSungai Pinang (Jelutong)

Muara Sungai Pinang (BalikPulau)

TelukBahang

TanjungTokong

GertakSanggul

KampungSg. Batu

Names

Popular beach attraction

Popular beach attraction

Industrial and manufacturing area

Embankment area

Residential area

Open area

Commercial area

Commercial area

Residential area

Fishing village

Fishing village

Suburban residential area

Fishing village

Fishing village

Notes

N05°27.928’ E100°14.171

N05°28.722’ E100°16.132’

N05°18.252’ E100°17.846’

N05°22.675’ E100°19.057’

N05°22.816’ E100°19.053’

N05°20.558’ E100°18.862’

N05°19.658’ E100°18.378’

N05°25.970’ E100°19.009’

N05°24.053’ E100°19.984’

N05°23.534’ E100°11.843’

N05°27.792’ E100°12.535’

N05°27.866’ E100°18.416’

N05°16.913’ E100°11.888’

N05°16.899’ E100°14.403’

GPS locations

spatially variable characteristics, i.e. rock topography 
(Blythe, 2008).[11] Adult barnacles are also found more 
abundantly at high elevations than low elevations; 
which is the result of vertical differences in the 
intensity of competition and predation (MacPherson 
& Scrosati, 2008).[12] Studies done in TelukAling, 
Penang by Tay (2008) and Omar et al. (2011)[13] have 
found Chthamalus sp. and Balanus sp. to be the most 
abundant in three of the littoral zones.

Since 1980s, there have been extensive reports on the 
ecological modeling of various freshwater ecosystems 
compared to marine and coastal ecosystems. To 
date, there is no available report on the modeling of 
barnacles or intertidal zonation using neural networks 
for classification, possibly because data-driven models 
of ecological systems and processes often involve 
extensive ecological analysis and also require expert 
knowledge on the taxonomy of marine organisms.

2. Materials and methods

2.1 Sampling sites

Fourteen sampling sites were selected for this particular 
study (Table 1). All of them are located in various inter-
tidal areas around Penang Island. The sampling sites 
chosen involve different human activities occurring on 
Penang Island.

2.2 Zonation

Three transect lines were placed on the sampling sites 

[11] Blythe, J.N. 2008. Recruitment of the intertidal barnacle 
Semibalanusbalanoides; metamorphosis and survival from daily to 
seasonal timescales.Degree of Doctor of Philosophy in Biological 
Oceanography.

[12] MacPherson, E.A., & R. Scrosati. 2008. Population structure of the 
barnacle, Semi Balanus balanoides Cirripedia, Thoracica, across 
intertidal environmental stress gradients in northern Nova Scotia, 
Canada. Saint Francis Xavier University, Antigonish, Nova Scotia, 
Canada.

[13] Ahmad, O., Tay P.F. and K. Yahya. 2011. Distribution of Intertidal 
Organisms in the Shores of Teluk Aling, Pulau Pinang, Malaysia. 
Centre for Marine & Coastal Studies (CEMACS) and School of 
Biological Sciences, UniversitiSains Malaysia.
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where the uppermost part of the intertidal area was 
labeled as the upper zone (UZ), the middle part as the 
middle zone (MZ), and the lowest part as the lower 
zone (LZ). The upper zone refers to the region above 
the highest still-tide level which borders the splash 
zone. The middle zone refers to the region of the shore 
that is regularly exposed and submerged by average 
tides. The lower zone refers to the area which is only 
exposed to air at the lowest low tide and is primarily 
marine in character.

2.3 Sampling and Species Identification of Barnacles

The sampling was based on one-off sampling. A 0.02 
m2 (20 x 20 cm) transect with 0.005 m2 (5 x 5 cm) grid 
inside the frame was used for the sampling to count 
the organisms. For each sampling site, three replicates 
were done placing thetransectrandomly on the barnacle 
population substrates. Photos of the samples were taken 

using a high-lens camera of Nikon DX AF-S Nikkor 
18-55mm lens camera modelfor further confirmation of 
the counting. Physical measurements of light intensity 
and humidity, as well as notes on the human activities 
and weather at the sampling time were also taken.

A few of the live samples were collected and brought 
back to the laboratory for identification. Their morpho-
logical characteristics were observed under a stereo 

microscope. Data for each different species was recorded 
and diagrams were drawn on the specific features of 
some of the species. The specimens were preserved 
in 10% formalin solution in sample bottles after being 
collected from sampling sites, and later preserved 
in a 70% ethanol solution after being sorted out and 
identified. The species identification was done by 
referring to Morton & Miller (1968).[14]

2.4 Data Analysis

The neural network was used to classify species into their 
respective zonations and subsequently help determine 
which species belong to which intertidal zonations. The 
non-supervised neural network application developed 
by Vesanto (2000)[15] distinguishes between similar and 
dissimilar features of the normalized input data, which 
can be mapped as clustered inputs where the features 
are expressed by Euclidian distances. These are calculated 

Figure 1. Clustering of upper, middle and lower zonations of bar-
nacles according to ANN average as shown in the ‘U-matrix’

Figure 2. Relative abundance (%) of barnacle species 
found at the sampling sites around Penang Island

[14] Morton, J.E. and M.C. Miller. 1968. The New Zealand sea shore. 
Collins.

[15] Vesanto et al. 2000. Vesanto, J. Himberg, E. Alhoniemi and J. 
Parhankangas. SOM Toolbox for Matlab 5. 2000. Technical Report 
A57 Neural Networks Research Centre, Helsinki University of 
Technology, Helsinki, Finland. 
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TABLE 2. Number of individualbarnacles (mean ± standard deviation) found in open condition of each sampling site
according to intertidal zonations on Penang Island.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Site

BatuFerringhi

Pantai Miami

Seagate

Gelugor

Jelutong

PantaiJerejak

Queensbay

Gurney Drive

MuaraSg. Pinang (Jelutong)

Kuala Sg. Pinang (BalikPulau)

TelukBahang

Tg. Tokong

GertakSanggul

KampungSg. Batu

Location

E. withersi
B. Amphitrite amphitrite
C. malayensis
E. withersi
B. Amphitrite amphitrite
C. malayensis
E. withersi
B. Amphitrite amphitrite
C. malayensis
E. withersi
B. Amphitrite amphitrite
C. malayensis
E. withersi
B. Amphitrite amphitrite
C. malayensis
E. withersi
B. Amphitrite amphitrite
C. malayensis
E. withersi
B. Amphitrite amphitrite
C. malayensis
E. withersi
B. Amphitrite amphitrite
C. malayensis
E. withersi
B. Amphitrite amphitrite
C. malayensis
E. withersi
B. Amphitrite amphitrite
C. malayensis
E. withersi
B. Amphitrite amphitrite
C. malayensis
E. withersi
B. Amphitrite amphitrite
C. malayensis
E. withersi
B. Amphitrite amphitrite
C. malayensis
E. withersi
B. Amphitrite amphitrite
C. malayensis

Species

Number of barnacles ( Mean ± Std)
(Individuals/200 cm2)

Upper
Zonation

Middle
Zonation

Lower
Zonation

0 ± 0
0 ± 0.58

170 ± 60.14
0 ± 0

2 ± 2.89
265 ± 161.70

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

92 ± 44.84
115 ± 72.95
12 ± 15.31

0
0
0
0
0
0
0
0
0
0
0
0
0
0

500 ± 118.31
4 ± 3.51
29 ± 7.09
25 ± 10.02

0 ± 0.58
33 ± 29.01
364 ± 58.11
17 ± 11.53
22 ± 11.00

158 ± 39.95
96 ± 20.74
13 ± 18.77
6 ± 6.66

0
0
0
0
0
0

55 ± 46.11
15 ± 4.00
23 ± 40.41
8 ± 7.00
2 ± 1.53
0 ± 0.00

33 ± 28.58
160 ± 162.05

3 ± 2.52
113  ± 8.50
7 ± 12.12
2 ± 4.04

0
0
0

51 ± 9.00
52 ± 31.72
83 ± 40.36
21 ± 23.30
2 ± 0.58

298 ± 64.78
136  ± 6.25
16 ± 22.52
15 ± 10.60
43 ± 28.68
76 ± 38.40
7 ± 9.07

2 ± 1.53
15 ± 10.12
28 ± 21.50
34 ± 8.50
46 ± 10.50
84 ± 34.18
78 ± 23.11
8 ± 7.77
0 ± 0.00

176 ± 45.50
16 ± 9.24
0 ± 0.00

59 ± 14.84
0 ± 0.00
0 ± 0.00

0
0
0

4 ± 5.51
0 ± 0.00
0 ± 0.00

60 ± 14.93
2 ± 0.58
0 ± 0.00

0
0
0

1 ± 0.58
84 ± 9.07
0 ± 0.00

41 ± 22.03
18 ± 14.00
0 ± 0.00
0 ± 0.58
0 ± 0.58

219 ± 109.04
102 ± 43.39

4 ± 5.13
0 ± 0.00

75 ± 35.84
21 ± 13.29
0 ± 0.00
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between the inputs and can be visualized as a unified 
distance matrix (U-matrix) and as partitioned map 
(K-means).

Figure 1 shows the classification of intertidal zonation 
as mapped on the ‘U-matrix’ by using SOM from 
MATLAB 6.5 software. The coloring map in the 
‘U-matrix’ indicates the relative distances between 
neighboring data of the input data space as shades of 
light to dark colors. The light colors in the U-matrix 
represent neighboring data with smallest distances 
belonging to a cluster; while the darker colors visualize 
the biggest distance between neighboring data and 
signify borders between clusters. The K-means algorithm 
partitions the input data space into a specified number 

of clusters based on the U-matrix.

3. Results and discussion

Three species were identified in 14 sampling sites 
around the intertidal shores on Penang Island during 
the sampling times, which were Euraphiawithersi 
and Chthamalusmalayensis from the Chthamalidae 
family, and Balanus Amphitrite amphitrite from the 
Balanidaefamily. The ecological data analysis is as 
summarized in Table 2. Figure 2 shows the relative 
abundance (%) of each species at all sampling sites 
in Penang Island. C. malayensis is the most abundant 
species found on the intertidal shores of Penang Island. 
The speciescontributed 44.24% to the total composition 

Figure 3. Ordination and classification of the total distribution pattern of 3 species of barnacles; (a) Euraphiawithersi,
(b) Balanus amphitrite amphitrite, and (c) Chthamalusmalayensis in the upper, middle and lower zones in rocky shore area 

using ANN.
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of barnacles as it was densely populated on the shore at 
Tg. Tokong (28.22%). This is followed by E. withersi 
with 38.77% of the total composition, found to be 
vastly distributed at Gelugor (21.92%). Meanwhile, B. 
Amphitrite amphitrite is the least abundant of the three 
species with 16.99% of the total composition and found 
densely on the shore at Gurney Drive (26.24%).

The study findingsindicated that C. malayensis is the 
most abundant species and match with the report from 
Tsang et al. (2008)[16] which stated that this species 
population has a wide distribution range in Indo-
Malaysia, southern China and Taiwan regions. In fact, 
Tsang et al., (2008)[16] reported that C. malayensis was also 
the major colonizer in Malaysia, along with Singapore 
and India with more than 50% coverage on the shore. 
A few factors contributed to the high abundance of 
chthamaloids when compared to balanoids. Their small 
body size helps them settle and survive in small-sized 
protective intertidal crevices. They reach reproductive 
maturity faster and have a quicker generation cycle. 
They are also less attractive to predators (Stanley & 
Newman, 1980).[17]

Based on the SOM, the distribution and abundance of 
each species have shown distinct zonation. In Figure 3, 
the blue color represents a low average mean for the 
number of individual barnacles found, while the red 
color indicates an increase in the number. Figure 3(d) 
represents the corresponding partitioned map for the 
3 intertidal zones defined. It identified the top-right 
cluster being related to the middle area zonation, most 
of the left cluster to lower area and bottom-right cluster 
to upper area. Therefore, this shows that C. malayensisis 
concentrated in the upper area (Figure 3(a)); E. withersiis 
found to densely populate the middle area (Figure 3(b)); 
awhile the lower area is marked by concentrations of B. 
Amphitrite amphitrite (Figure 3(c)).

According to Stephenson & Stephenson (1972),[18] the 
distribution pattern of intertidal barnacles is vertically 
restricted, also known as a pattern of ‘vertical zonation’, 
and different factors play into the distribution of 
different zonations. The lower limit of the barnacle 
distribution is usually set by biotic factors such as 
competition or predation, while the upper limit is 
usually determined by physical factors such as heat and 
desiccation (Connell, 1961).[19] Foster (1971)[20] also 
stated that barnacles occupying higher levels of the 
substrate were more tolerant to heat and desiccation.

From the SOM analysis (Figure 3), there was a clear 
niche distribution between E. withersi and B. Amphitrite 
amphitrite. This proposes that there could be some sort 
of interaction between the two species. This indicates 
the possible competitive exclusion between the two 
species. According to Newman and Stanley (1981),[21] 
competitive exclusion is the principal factor leading 
to the decline of the chthamaloids below the upper 
intertidal zone, due to competition with balanoids. 
Balanoids are competitively superior to chthamaloids in 
battles for space andthis has prevented the distribution 
of chthamaloids from accommodating or reaching 
lower intertidal zone (Stanley and Newman, 1980).[17]

Our results have also shown a slightly different 
distribution where B. Amphitrite amphitrite was found 
to be the most dominant in the lower zone compared to 
the other two species while C. malayensis is distributed 
mainly in the upper zones, and E. withersi is mainly 
found in the lower zones. The competitive exclusion 
principle also states that species with slightly better 
advantages will lead its competition to an evolutionary 
or behavioral shift towards a different ecological niche. 

[16] Tsang, L.M., Chan, B.K.K., Tsz, H.W., Wai, C.N., Chatterjee, T., 
Williams, G.A. and H.C. Ka. 2008. Population differentiation in the 
barnacle Chthamalusmalayensis: postglacial colonization and recent 
connectivity across the Pacific and Indian Oceans. Marine Ecology 
Progress Series, 364, 107-118.

[17] Stanley, S.M. and W.A. Newman. 1980. Competitive exclusion in 
evolutionary time: the case of acorn barnacles. Paleobiology, 6, 173-183.

[18] Stephenson, T. and A. Stephenson.1972. Life between tidemarks on 
rocky shores. San Francisco: WH Freeman.

[19] Connell, J.H. 1961. The influence of interspecific competition and 
other factors on the distribution of the barnacle Chthamalus stellatus. 
Ecology 42, 710-723.

[20] Foster, B.A. 1971. Dessication as a factor in the intertidal zonation of 
barnacles. Marine Biology 8, 12-29.

[21] Newman, W.A. & S.M. Stanley. 1981. Competition wins out overall: 
Reply to Paine. Paleobiology 74., 561-569.
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[22] Sahney, S., Benton, M.J. and P.A. Ferry. 2012. Links between global 
taxonomic diversity, ecological diversity and the expansion of 
vertebrates on land. Biology Letter 64, 544-547.

[23] Caley, M.J., Carr, M.H., Hixon, M.A., Hughes, T.P., Jones, G.P. and 
B.A. Menge. 1996. Recruitment and local dynamics of open marine 
populations. Annual Review of Ecology and Systematics 27, 477-500.

[24]  Bertness, M.D,  Gaines, S.D. and S.E. Yeh. 1998.  Making mountains 
out of barnacles: the dynamics of acorn barnacleshummocking. 
Ecology 794, 1382-1394.

This suggests the possibility of competitive exclusion 
or niche partitioning between E. withersi, C. malayensis 
and B. Amphitrite amphitrite. Niche partitioning could 
also be applied to the interaction of these two species 
whereby competing species are driven into different 
patterns of resource use or different niches by natural 
selection and this process also allows coexistence 
between competitors as it allows the species to 
divide certain resources so that one species does not 
outcompete the other (Sahney et al., 2010).[22]

Spatial partitioning involves the same habitat spaceand 
occurs when two competing species that use the 
same resources occupy different areas of the habitat 
and partition the resource between them. This type 
of partitioning can occur at small scales known as 
microhabitat differentiation where the two competing 
species overlap in eachother’s home ranges to partition 
a resource and lead to competitive coexistence’, which 
is relevant to the non-overlapping niches found with 
E. withersi and B. Amphitrite amphitrite. Even though 
living in close proximity helps reproduction and reduces 
the risks of desiccation (Caley et al., 1996),[23] this 
strategy leads to competition for space and food as well 
as severe overcrowding for barnacles. These results in 
higher mortality, slower growth, lower reproductive 
output and “hummock” formation (Bertness et al., 
1998).[24]

Barnacles are sessileorganisms; hence their intertidal 
zonation can be mapped out using SOM to reveal 
patterns of distribution and possibleinteractions. It is 

evident from these results that more extensive data 
analysis on barnacles in our coastal zonescan improve 
our understanding of their ecological distribution that 
may be linked to inter-species and other interactions.  
This will in the future enhance our knowledge on the 
ecology and distribution of these and otherbiofouler 
species.

Conclusion

This study has shown that the clustering of barnacle 
species into distinct intertidal zonation can be modeled 
using self-organizing maps ora Non-Supervised 
Neural Network. Distinct zonation was observed 
where Chthamalusmalayensis was more dominant on 
the upper zonation, Euraphiawithersi on the middle 
zonation, and Balanus Amphitrite amphitrite on the 
lower zonation. The distribution of these barnacles 
was found to be vertically distributed and affected 
by several factors, including abiotic factors, i.e. 
temperature, light intensity, salinity, and biotic factors. 
The interaction between barnacles and other barnacles 
leads to competitive exclusion and niche partitioning 
which createszonations among the species. This study 
also demonstrates that anthropogenic activities such 
as land reclamation, embankment and sedimentation 
could also have a deteriorating effect on this organism’s 
distribution. Distribution among the different species 
is also determined by each species’ resistance and 
tolerance to the environment. There is possible niche 
sharing, competitive coexistence and other interactions 
between the three species.
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Abstract

Meningioma brain tumor discrimination is challenging as many histological patterns are 
mixed between different subtypes. In clinical practice, dominant patterns are investigated 

for signs of specific meningioma pathology. However, the simple observation could result in inter- 
and intra-observer variation due to the complexity of histopathological patterns. Also, employing 
a computerized feature extraction approach applied at a single resolution scale might not suffice 
to accurately delineate the mixture of histopathological patterns. In this work we propose a novel 
multiresolution feature extraction approach for characterizing the textural properties of the 
different pathological patterns (i.e. mainly cell nuclei shape, orientation and spatial arrangement 
within the cytoplasm). The patterns’ textural properties are characterized at various scales and 
orientations for an improved separability between the different extracted features. The Gabor filter 
energy output of each magnitude response was combined with four other fixed-resolution texture 
signatures (2 model-based and 2 statistical-based) with and without cell nuclei segmentation. The 
highest classification accuracy of 95% was reported when combining the Gabor filters’ energy and 
the meningioma subimage fractal signature as a feature vector without performing any prior cell 
nuclei segmentation. This indicates that characterizing the cell-nuclei self-similarity properties 
via Gabor filters can assist in achieving an improved meningioma subtype classification, which 
can assist in overcoming variations in reported diagnosis.

Keywords: Brain Tumors, Fractal Dimension, Gabor Filter, Meningioma Histopathology, Texture 
Analysis.
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1. Introduction

Medical image analysis has significantly contributed 
to anatomical pathology, revealing novel pathways 
in histopathological examination of samples for 
the accurate diagnosis of cancer and other related 
diseases. Analyzing texture patterns is a useful way to 
extract meaningful features that represent underlying 

pathology. The main concern in texture analysis is 
to capture distinctive features that can maximize 
the difference between the analyzed images and 
subsequently facilitate the pattern classifiers’ mission. 
Each feature extraction method has its own unique 
trend for detecting discontinuities in image texture, 
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yet its efficiency is determined by how it formulates 
the relationship between primary image elements, i.e., 
textons.

Characterizing texture from a multiresolution perspec-
tive has the advantage of filtering-out noise while 
simultaneously giving more emphasis tofeatures that 
contribute better to subtype distinction. Wavelets 
and filter banks such as Gabor filtersare examples of 
multi-resolution techniques thatcan break down texture 
statistical complexity [1]. Also, their high sensitivity to 
local features facilitates the processes of preattentive 
or subtle texture discrimination as well [2]. Moreover, 
according to the uncertainty principle, the wavelets 
transform and the Gabor function can simultaneously 
maintain a good boundary accuracy and frequency 
response [3].   

Gabor filters are designed to resemble the performance 
of the mammalian visual cortical cells, in a sense of 
extracting features at different orientations and scales. 
This multiresolution sensitivity of Gabor filters may 
be helpful for extracting useful meaningful features 
thatcan characterize underlying physiology. Features 
are derived from Gabor coefficients as they cannot be 
used explicitly for texture analysis due to their high 
variability. Texture signatures such as entropy or local 
energy [4, 5], histograms and second order statistics 
derived from co-occurrence matrix [6, 7] were mostly 
used to characterize the different spatial-frequency 

decompositions to provide a better spatial-frequency 
localization. In this work, the fractal dimension (FD), 
which has proved to be useful in histopathological 
image analysis [1, 8, 9], is used as a supporting feature 
(signature)to complement the texture characterization 
capability of the Gabor filter energy output. Also, in 
order to benchmark the performance of the proposed 
multiresolution technique, the output energy of the set 
of Gabor filter banks was also combined with other 
statistical and model based techniques, and used for 
histopathological brain tumors subtype classification.

2. Methodology

2.1 Histopathological image acquisition

Four subtypes of grade I meningioma tissue biopsies 
distinguished according to the World Health Organization 
grading system [10] are used in this work, see Figure 1. 
Each subtype has its own textural features (explained 
in Table I) that pathologists look for in the processes of 
tumor classification [11]. The diagnostic tumor samples
were derived from neurosurgical resections at the Bethel 
Department of Neurosurgery, Bielefeld, Germany for 
therapeutic purposes. Four micrometer thick microtome 
sections were dewaxed on glass slides, stained with 
Mayer’s haemalaun and eosin (H&E), dehydrated and 
cover-slipped with mounting medium (Eukitt®, O. 
Kindler GmbH, Freiburg, Germany). Archive material 
of cases from the years 2004 and 2005 were selected to 
represent typical features of each meningioma subtype.
Slides were analyzed on a Zeiss Axioskop 2 plus 
microscope with a Zeiss Achroplan 40/0.65 oil immersion 
objective. After manual focusing and automated back-
ground correction, images were taken at a resolution 

[1] Al-Kadi, O.S. 2009.Tumorgrading and discrimination based on class 
assignment and quantitative texture analysis techniques.

[2] Turner, M.R. 1986. Texture-discrimination by Gabor functions.Biolo-
gical Cybernetics, Vol. 55, pp. 71-82.

[3] Rangayyan, R.M. 2005. Biomedical Image Analysis: CRC.

[4] Morrone, M.C. and R.A. Owens. 1987. Feature detection from local 
energy. Pattern Recognition Letters, Vol. 6, pp. 303-313.

[5] Saito, N.O. and R.R. Coifman. 1995. On local feature extraction for signal 
classification. 3rd International Congress on Industrial and Applied 
Mathematics, Hamburg, Germany, pp. 453-456.

[6] Van de Wouwer, G. Scheunders, P. and D. Van Dyck. 1999. Statistical 
texture characterization from discrete wavelet representations. IEEE 
Transactions on Image Processing, Vol. 8, pp. 592-598.

[7] Thyagarajan, K.S., Nguyen, T. and C.E. Persons. 1994. A maximum 
likelihood approach to texture classification using wavelet transform. 
in IEEE International Conference on Image Processin, Austin, Tx, pp. 
640-644.

[8] Al-Kadi, O.S. 2009.A fractal dimension based optimal wavelet packet 
analysis technique for classification of meningioma brain tumors. 

[9] Al-Kadi, O.S. 2015. A multiresolution clinical decision support system 
based on fractal model design for classification of histological brain 
tumors.Computerized Medical Imaging and Graphics, Vol. 41, pp. 67-79.

[10] Louis, D.N., Ohgaki, H. Wiestler, O.D., Cavenee, W.K., Burger, P.C. 
and  A. Jouvet, et al. 2007. The 2007 WHO classification of tumors of 
the central nervous system.Acta Neuropathologica, Vol. 114, pp. 97-109.

[11] Fletcher, C. D. M.2007. Diagnostic Histopathology of Tumors: Churchill 
Livingstone Elsevier. 
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of 1300 × 1030 pixels, 24 bits, true color RGB at 
standardized 3200 K light temperature in TIF format 
using Zeiss AxioVision 3.1 software and a Zeiss 
AxioCamHRc digital color camera (Carl Zeiss AG, 
Oberkochen, Germany). Five typical cases were selected
for each diagnostic group and four different photo-
micrographs were taken of each case, resulting in a 
set of 80 pictures. Each original picture was truncated 
to 1024 × 1024 pixels and then subdivided in a 2 × 2 
subset of 512 × 512 pixel pictures. This resulted in a 
database of 320 sub-images for further analysis. 

[12] Gabor, D. 1980. Theory of communication.Journal IEE (London), pp. 
429-457.

[13] Daugman, J.G. 1946. Two-dimensional spectral-analysis of cortical 
receptive-field profiles. Vision Research, Vol. 20, pp. 847-856.

[14] Daugman, J.G. 1985. Uncertainty relation for resolution in space, 
spatial-frequency, and orientation optimized by two-dimensional 
visual cortical filters. Journal of the Optical Society of America 
a-Optics Image Science and Vision, Vol. 2, pp. 1160-1169.

[15] Bovik, A.C., Clark, M. and W.S. Geisler. 1990. Multichannel texture 
analysis using localized spatial filters.IEEE Transactions on Pattern 
Analysis and Machine Intelligence, Vol. 12, pp. 55-73.

[16] Jain,A. K. and F. Farrokhnia. 1991. Unsupervised texture segmentation 
using Gabor filters. Pattern Recognition, Vol. 24, pp. 1167-1186. 

[17] Bovik, A.C. 1991. Analysis of multichannel narrow-band-filters for 
image texture segmentation.IEEE Transactions on Signal Processing, 
Vol. 39, pp. 2025-2043. 

[18] Malik, J. and P. Perona. 1990. Preattentive texture-discrimination with 
early vision mechanisms. Journal of the Optical Society of America 
a-Optics Image Science and Vision, Vol. 7, pp. 923-932.

Figure 1. (left-right) Meningioma fibroblastic, meningothelial, psammomatous and transitional 
subtypes.

The relation between the fractal features and the under-
lying biological features manifest the discrimination 
between the four subtypes. Distinctive characteristics 
such as the small whirlpools in the form of a spinning 
body of nuclei related to the transitional and appearing 
subtle in the fibroblastic subtypes; the round collection 
of calcium, known as psammoma bodies, that occurs 
repeatedly and in varying sizes in the psammomatous 
subtype; and the enlarged oval shape nuclei in the 

TABLE 1. Main histological textural features for meningioma 
subtypes

Subtype

Fibroblastic (MF)

Meningothelial (MM)

Psammomatous (MP)

Transitional (MT)

Characteristics

Spindle-shaped cells resembling fibroblasts in 
appearance, with abundant amounts of pericel-
lular collagen.

Broad sheets or lobules of fairly uniform cells 
with round or oval nuclei.

A variant of transitional meningiomas with 
abundant psammoma bodies and many cystic 
spaces.

Contains whorls, few psammoma bodies and 
cells having some fibroblastic features (i.e. 
spindle-shaped cells)

meningothelial which are condensed in approximate 
clusters, all present potential fractal characteristics that 
can be exploited and combined with the Gabor filter 
energy output.

2.2 Gabor filter for texture analysis

Image texture can also be analyzed in amultiresolution 
representation using Gabor filters. It can be defined as 
a Gaussian modulated sinusoid with a capability of 
multiresolution decomposition due to its localization 
both in spatial and spatial-frequency domain. Making 

use of Denis Gabor’s class of
harmonic oscillating functions
within Gaussian envelopes[12], 
Daugman showed that the 
orientation and spatial-
frequency selective receptive 
field properties of neurons 
in the brain’s primary visual
cortex can be simply modeled 

by 2-D Gabor-like filters [13, 14]. Boviket al. proposed a 
model for locating filters by eploiting individual texture 
power spectrum characteristics [15], while Jain and 
Farrokhnia further proposed a dyadic Gabor filter bank 
covering the spatial-frequency domain with multiple 
orientations [16]. Other studies proved the Gabor filter 
to be very useful in detecting texture frequency and 
orientation as well [2, 17, 18] and references cited therein. 



Omar Sultan Al-Kadi

28

æÂê®†Úºî†πô€
†Òƒ†ÌÏÈ¬µÙ@
≤†≈©◊~∞…÷≠
azertyuioπ^$
qsdfghjklµù`
<wxcvbn,;:=

The real impulse response of a 2-D sinusoidal plane 
wave with orientation q and radial center frequency 
fo modulated by a Gaussian envelope with standard 
deviations sx and sy respectively along the x and y 
axes is given by

The Gabor filter in the corresponding spatial-frequency 
domain would be represented as two symmetrically 
spaced Gaussians as follows

and spatial and corresponding spatial-frequency response 
are graphically shown below in Figure 2.

Multiple filters covering the spatial-frequency domain 
can be generated by varying the filters’ center location 
through tuning the frequency f0 with a specific angleq. 
Figure3 shows the frequency response of the dyadic 
filter bank in the spatial-frequency domain. The Gaussian 
envelope’s unknowns sx and sy can be determined as 
in (3) after setting the frequency cut-off to -6 db and the 
frequency and orientation bandwidths (Bf, Bq) to constant 
values matching psychovisual data [19]. In particular, an 
interval of one octave between the radial frequencies is 
recommended[16]. The frequency bandwidth specified by 
octaves (i.e. the interval between f1 and its double f2) 
increases in a logarithmic fashion given by log 2f2f1. 
This was inspired by experiments that showed that the 
frequency bandwidth of simple cells in the visual cortex is 
roughly one octave[20]. For this work, a circular Gaussian 
was chosen by setting sx= sy to have an equal spatial 
coverage in all directions, and a 45° orientation bandwidth.

Carefully setting the filter characteristics would result 
in proper capture of texture information and reduce the 
effect of aliasing. This is achieved by correctly selecting 
the filter position (f0, q) and bandwidth (sx, sy), and 

(1)

(2)

Figure 2. Gabor filter having 0° orientation and 32 cycles / image 
width for a 256 × 256 size image.

(3)

[19] Clausi, D.A. and T.E. Jernigan. 2000. Designing Gabor filters for optimal 
texture separability. Pattern Recognition, Vol. 33, pp. 1835-1849. 

[20] Pollen, D.A. and S.F. Ronner. 1983. Visual cortical-neurons as 
localized spatial-frequency filters. IEEE Transactions on Systems Man 
and Cybernetics, Vol. 13, pp. 907-916.
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making sure the central frequencies of channel filters 
lie close to characteristic texture frequencies to prevent 
the filter response from falling off too rapidly[19]. From 
each of the images with a size of 512 × 512 used in this 
work, the mean was first subtracted to reduce the filter’s 
sensitivity to texture with constant variation, then six 
radial frequencies ( 222 ,  232 ,  242 ,  252 ,  262 and 272 
cycles/image-width) with four orientations 0°,45°,90° and 
135° was adopted according to [16], giving a total of 24 
filters. In general, the number of dyadic Gabor filter banks 
required is given by A × log2Nc2, where Nc is the image 
width and A is the number of orientation separations (e.g. 
A = 4 for a 45° orientation separation angle). Filters with 
radial frequencies 12 and 22 where excluded due to their 
insensitivity (i.e. the filters capture spatial variations that 
are too large to explain textural variation in an image). 
Also, the highest frequency was selected to be Nc42 in 
order to guarantee that the passband of the filter falls inside 
the image. Finally, the extracted features would represent 
the energy of each magnitude response.

Figure 3. Gabor filter defined in the spatial-frequency domain 
with radial frequencies 1 octave apart, bandwidth 1 octave each 

and 45° orientation separation (only filters’ half-peak supports are 
displayed).

Applying a set of filter banks resembles the operation 
of the wavelet transforming an image at selected spatial 
frequencies. In a way, the Gaussian function is modulated 

and translated for the generation of the Gabor basis 
functions, in analogy to the scaling and translation of the 
mother wavelet and scaling function for wavelet basis 
generation. However, the Gabor function is considered 
an admissible wavelet [16], namely the basis produced 
by the Gabor function is non-orthogonal resulting in 
redundant decompositions. Also, depending on the size 
of the processed image, the number of required radial 
frequencies for positioning the centers of the Gabor filter 
banks needs to be specified prior to processing, which is 
similar to choosing the number of decomposition levels 
for the wavelet packets.

Applying a set of filter banks resembles the operation 
of the wavelet transforming an image at selected spatial 
frequencies. In a way, the Gaussian function is modulated 
and translated for the generation of the Gabor basis 
functions, in analogy to the scaling and translation of the 
mother wavelet and scaling function for wavelet basis 
generation. However, the Gabor function is considered 
an admissible wavelet [16], namely the basis produced 
by the Gabor function is non-orthogonal resulting in 
redundant decompositions. Also, depending on the size 
of the processed image, the number of required radial 
frequencies for positioning the centers of the Gabor filter 
banks needs to be specified prior to processing, which is 
similar to choosing the number of decomposition levels 
for the wavelet packets.

The classical method for extraction of Gabor filter texture 
signature is the energy Ek, k =1, 2 in the form of l1-norm[21] 
and l2-norm [22] as in (6.12), where M and N are the size of 
the subband intensity Ifx, y.

3. Results

The energy signature of each filter output was computed 
and used as a feature vector for classification. Also, the 

[21] Chang, T and C. C. J. Kuo. 1993. Texture analysis and classification 
with tree-structured wavelet transform.IEEE Transactions on Image 
Processing, vol. 2, pp. 429-441.

[22] Laine, A. and J. Fan. 1993. Texture classification by wavelet packet 
signatures.IEEE Transactions on Pattern Analysis and Machine 
Intelligence, vol. 15, pp. 1186-1191. 

(4)
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Gabor filter energy extracted features were combined 
with four other texture measures of the processed image 
itself, and the fused signatures were used for classification 
using a Bayesian classifier and cross-validated by leave-
one-out approach. Model based signatures such as the 
fractal dimension (FD) and Gaussian Markov random 
fields (GMRF), and statistical signatures such as the 
co-occurrence matrix (CM) and the run length matrix 
(RLM) were used in the combinations. As a mean for 
comparison, this procedure was initially applied on the 
blue color channel of each image – as it showed a better 
performance in terms of classification accuracy due to the 
dyes used in staining the meningioma biopsies [23] – and 
then applied again on the same color channel after having 
the cell nuclei general structure segmented.

Table 2 presents the results, where the subscript S and NS 
indicates whether the cell nuclei were a priori segmented 
(S) as in [23] or no segmentation was involved (NS) before 
extraction of the Gabor filter energy signature GfE alone 
or in combination with other texture measures. The 
highest classification accuracy of 95.00% was achieved 

[24] Strange, H. and R. Zwiggelaar. 2013. Meningioma subtype 
classification using morphology features and random forests.Medical 
Imaging 2013: Digital Pathology. vol. 8676, M. N. Gurcan and A. 
Madabhushi, Eds.

[25] Fatima, K., Arooj, A. and H. Majeed. 2014. a new texture and shape 
based technique for improving meningioma classification.Microscopy 
Research and Technique, vol. 77, pp. 862-873.

[26] Qureshi, H., Rajpoot, N., Wilson, R., Nattkemper, T. and V. H. Hans. 
2007. Comparative analysis of discriminant wavelet packet features 
and raw image features for classification of meningioma subtypes. 
Medical Image Understanding and Analysis, Aberystwyth, UK.

[23] Al-Kadi, O.S. 2010. Texture measures combination for improved menin-
gioma classification of histopathological images. Pattern Recognition, 
Vol. 43, pp. 2043-2053.

TABLE 2. Classification accuracy comparisons of gabor 
filtered meningioma images (Gf) after extraction of energy 

(E) and in combination with fractal dimension (FD), Gaussian 
Markov random fields (GMRF), co-occurrence (CM) and

run-length (RLM) matrices texture measures

Gf(E)S*

Gf(E & FD)S

Gf(E & GMRF)S

Gf(E & CM)S

Gf(E & RLM)S

Gf(E)NS

Gf(E & FD)NS

Gf(E & GMRF)NS

Gf(E & CM)NS

Gf(E & RLM)NS

Filter texture 
signature

89.38%
88.12%
90.31%
88.75%
90.00%
83.44%
95.00%
91.25%
93.75%
90.00%

Total

Accuracy

93.75
91.25
95.00
93.75
92.50
83.75
100

97.50
100
100

82.50
82.50
81.25
78.75
78.75
86.25
87.50
77.50
92.50
80.00

96.25
95.00
95.00
95.00
98.75
90.00
96.25
97.50
96.25
97.50

85.00
83.75
90.00
87.50
90.00
73.75
96.25
92.50
86.25
82.50

Meningioma subtype

MF MM MP MT

* S stands for pre-segmented cell nuclei from the background cytoplasm as 
in the work of [23], and NS for non-segmented cell nuclei (i.e. using the 
whole texture image).

when combining the image Gabor filters’ energy and the 
fractal characteristics GfE & FDNS as a feature vector 
without performing any prior segmentation.

The best approach – highlighted in bold in Table II – was 
further compared with other methods that used the same 
meningioma dataset [23], [9], [24], [25], [26]. Figure 4 shows an 
improved classification performance for the proposed 
method in this work (abbreviated as GF&FD).

Figure 4. Classification performance of the proposed method 
benchmarked against previous work in[9], [23], [24], [25], [26].

4. Discussion

An alternative multiresolution texture analysis approach 
based on Gabor filters was applied to the meningioma 
images. Using the energy of the Gabor filter outputs alone 
as a texture signature for discrimination between the 
meningioma subtypes proved to be more effective than 
single or fixed-resolution texture measures. For instance, 
the highest accuracy achieved for CM, RLM, GMRF, and 
FD methods used under the same conditions in [23] did 
not exceed 84% as compared to 89.38% for the Gabor 
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[27] Al-Kadi O. S., and D. Watson. 2008. Texture analysis of aggressive 
and non-aggressive lung tumor CE CT Images. IEEE Transactions on 
Biomedical Engineering, vol. 55, pp. 1822-1830. 

filter in our case. Also, the results showed that the Gabor 
filter classification accuracy could be further improved 
if combined with the aforementioned texture analysis 
methods. 

The colored histopathological images were decomposed 
to the main RGB channels and the blue channel was 
chosen for operation as dyes used in the staining process 
of the meningioma tissue biopsies gave the cell nuclei 
– considered a major mark of distinction between the 
different subtypes – a color near to blue.  Then feature 
extraction was performed with and without having the 
meningioma cell nuclei segmented. The feature extraction 
involved the multiresolution Gabor filter outputs applied 
individually for classification and in combination with 
other fixed-resolution texture measures characterizing the 
same image texture as well. The segmentation process 
worked well for the filter’s output energy signature 
GfENS if no segmentation took place. While there was 
no difference between the segmented and non-segmented 
versions for the energy and RLM combination GfE & 
RLM, it was better to have the histopathological images 
not segmented when combining the energy of the filter 
outputs with the FD, GMRF or CM of the image. 

All classification results gave an accuracy equal to or 
above 90% when the fixed and multiresolution methods 
were combined together and without segmentation. The 
remarkable combination is the GfE & FDNS which gave 
the highest classification accuracy when the subimages 
were not segmented (see Figure 4). Although the 
classification performance degraded when the energy of 
the Gf was employed without segmentation as indicated 
in Table 2, the loss is compensated and accuracy is further 
improved when the filter output is combined with the FD 
of the image. As it was previously shown that the use of the 
morphological gradient in the segmentation process would 
negatively affect the classification accuracy of the FD 
measure [23], it is expected that the fractal characteristics of 
the non-segmented images would have a better expression 
which was reflected in the 95.00% accuracy achieved. 

It can be deduced that an optimum expression for the 
meningioma tissue requires both fixed and multiresolution 
processing to maximize the difference between the 
subtypes. As the cell nuclei size varies between the different 

subtypes, the multiresolution approach can better identify 
these differences and represent them by a measurable 
quantity (e.g. Gabor filter banks energy signature for this 
work) exemplifying the amount of information at different 
scales. Yet, relying on the energy of the filter outputs 
alone is deemed insufficient, thus analyzing the texture 
at its highest resolution using a fixed-resolution approach 
could contribute towards highlighting some of the aspects 
overlooked by the Gabor filter approach. An example was 
the FD signature that provides a mean to check for self-
similarity or roughness of the surface, where finer texture 
objects would result in a higher FD estimate and vice 
versa. Since FD is considered scale invariant [27], it could 
provide more stable parameter estimation amidst the intra-
variability of the number of cell nuclei in the same subtype. 
Similarly, the rest of the applied fixed-resolution methods 
had also its own approach in texture characterization, 
whether the emphasis was on the dependence of each 
pixel in the image only on its neighbors as the case in 
GMRF, or deriving first and second order statistics after 
computing the joint probability or the number of runs for 
a certain set of pixels with a certain grey-level value for 
CM and RLM; respectively.

Although finer quantization was recommended by having 
an orientation angle of 30° for centering the location 
of the filters [19], a 45° orientation angle was used as its 
less computationally expensive and finer orientation 
quantization did not show significant improvement 
for the given histopathological texture samples. Also, 
experimenting by smoothing the subimages’ texture 
with a Gaussian filter prior to extraction of the feature 
was applied as well. The approach suggested by Jain and 
Farrokhnia through setting the filter’s window size relative 
to the radial frequencies of the corresponding tuned filter 
[16] resulted in an 1% decrease in the recorded accuracy. 
This can be attributed to the blurring which negatively 
affected the accuracy of the FD signature. 

An advantage of the fixed-resolution approach is its 
simplicity in application and speed in processing. Yet the 
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complexity and non-stationary nature of medical texture 
requires a multi-perspective analysis in order to spot subtle 
differences that might be crucial in subtype discrimination. 
This work takes a step further and demonstrates that a 
generated fused feature vector exploiting the strengths 
of both resolution approaches could provide an optimum 
characterization for meningioma texture classification. 
Furthermore, testing the proposed approach on other 
grades of meningioma or different types of brain tumors 
would assist in performance benchmarking.

Conclusion

The multiresolution approach based on Gabor filters 
proved to be more effective in terms of classification 
accuracy as compared to four other fixed-resolution 

approaches. Additionally, the generation of a feature 
vector mutually combining the energy signature of 
the Gabor filter outputs and either of the FD, GMRF, 
CM or RLM fixed-resolution methods would improve 
subtype discrimination. The appropriate selection of 
the feature extraction method(s) according to the nature 
of the examined tissue texture is necessary for boosting 
the ability to distinguish subtle differences between the 
meningioma subtypes, which was optimized by the fusion 
of the fractal characteristics with the filter bank energy 
signature. The proposed novel approach could have 
significant clinical utility by reducing the subjectivity in 
the process of cancer diagnostics and thereby reducing 
the pathologist’s workload and improving diagnosis for 
patients.
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Abstract

Fresh or dried leaves of Moringa Oleifera (MO) are an excellent dietary supplement because 
they are rich in micronutrients. All parts of the tree are used in traditional medicine. In 

order to promote medicinal plants, a preliminary study using spectroscopic methods (UV-Vis - 
NIR absorption, transmission and fluorescence) was performed on extracts obtained from fresh 
leaves of Moringa Oleifera (MO) using different solvents. We also investigated the modification 
of the optical properties of the mixing of gold nanospheres with MO leaf extract and with a BSA 
biomolecule (Bovine Serum Albumin). Extractions from leaves contain chloroplasts which are 
natural bioactive chemicals that are a source of energy and contain carbon building blocks that 
have potential pharmaceutical uses. The change in the recorded UV–vis spectra would show that 
the interaction leads to the formation of nanoparticles-chloroplast complexes. The adsorption 
of gold nanospheres on chloroplasts would be a step toward developing bio-sensing and drug 
delivery.

Keywords: Biomedical, Gold Nanospheres, Moringa Oleifera, Plants, UV-Visible.
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1. Introduction

The use of plants or vegetables as sources of drugs 
dates back to a long time ago. Moringa Oleifera (MO), 
often simply called Moringa, is a small tree species 
measuring up to 10 meters in height. It is native to 
northern India and is now naturalized in almost all 
tropical regions. It is resistant to drought, has a rapid 
growth cycle and is found in fields and gardens in West 

Africa and Asia. The MO plant, especially the leaves, 
is eaten in various forms and for many purposes[1]. 
The leaves are sometimes chewed fresh or crushed, 
or boiled into a vegetable sauce. Crushed or whole 
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[1] Foidl, N., Makkar, H.P.S. and Becker, K. The potential of Moringa 
Oleifera for agricultural and industrial uses: What development potential 
for Moringa products? October 20th - November 2nd 2001. Dar Es-Salaam. 



MM. Dzaglia,  KK. Sossoea, KS. Gadedjisso-Tossoua, MA. Mohoua, S. Bocab, S. Astileanb, J. Zoueuc

34

dried leaves are also used in various beverages and in 
porridge or pasta, in alcohol, etc. for various potential 
applications. The Moringa tree is rich in photochemical 
compounds and has medicinal and nutritional properties 
(anti-inflammatory, etc.)[2-5]. Its main uses are shown in 
Figure 1[1]. 

The mineralogical composition of plants is of a great 
interest because they are often consumed, even in 
traditional medicine, without special pre-treatment. 
It is necessary to control what patients ingest since 
the therapeutic effect of plant leaves depends on 
their organic and inorganic composition. To identify 
the different properties of leaves in their forms of 
consumption and the recommended forms, we carried 

out a spectroscopic study of MO leaves. The estimation 
of the leaves’ biochemical content or the simulation 
of their appearance is based on knowledge of their 
reflectance, transmission and absorption of light.

In the present work, we investigated the MO leaf 
extracts obtained with solvents such as acetone or 
Ethyl Alcohol 95°, or hot water. The study of the leaf 
extract is a prelude to our prospects of plant-based 
bio-synthesized nanoparticles[6-12] for antimicrobial 
applications[2-5]. We achieved the mixture of gold 
nanoparticles with an extraction of young MO leaves 
and an adsorption of the nanoparticles on the BSA 
biomolecule (Bovine Serum Albumin). The optical and 
electronic properties of gold nanoparticles are tunable 
by changing the size, shape, surface chemistry, or state 
of aggregation. More recently, optoelectronic unique 
properties of nanoparticles have been studied and 
used in high technology applications such as organic 
photovoltaics, sensory probes, therapeutic agents, drug 
administration in biological and medical applications, 
electronic devices and catalysis[13-15].

[2] Millogo-Koné, H., Kini, B. F.,  Yougbaré, Z., Yaro, M. B. and Sawadogo, 
M. Etudes de la phytochimie et de l’activité antimicrobienne in vitro 
des feuilles de Moringa Oleifera (Moringaceae). Revue CAMES - Série 
Pharm. Méd. Trad. Afr.  Vol. 16 (2012).

[3] Mostafa, M.H.K., Eman H., Ismaila, B., El-Baghdady, K.Z., Mohamed, 
D. Green synthesis of silver nanoparticles using olive leaf extract and 
its antibacterial activity. Arabian Journal of Chemistry, Vol 7, (6), 1131–
1139 (2014) doi:10.1016/j.arabjc.2013.04.007.

[4] Shakeel, A., Mudasir, A., Lal Swami, B., Saiqa, I. A review on plants 
extract mediated synthesis of silver nanoparticles for antimicrobial 
applications: A green expertise. Journal of Advanced Research 7, (1), 
17–28 (2016) doi:10.1016/j.jare.2015.02.007.

[5] Prasad, T.N.V.K.V. and Elumalai, E.K. Biofabrication of Ag nanoparticles 
using Moringa Oleifera leaf extract and their antimicrobial activity. 
Asian Pac J Trop Biomed.; 1(6): 439–442. (2011). doi:  10.1016/S2221-
1691(11)60096-8.

[6] Nilanjana, G., Samrat, P., Piyali, B. Silver nanoparticles of Moringa 
Oleifera – green synthesis, characterization and its antimicrobial 
efficacy. Journal of Drug Delivery and Therapeutics; Special Issue 1: 
Drug Delivery using Nanomedicine & Nanotechnology; 42-46 (2014).

[7] Sangeetha, V. and Ponnuswami, V. Synthesis and characterization 
of silver nanoparticles using Moringa (Moringa Oleifera LAM.) pod 
extract. Trends in Biosciences: 7 (8), 675-679 (2014).

[8] Chung, I., Park, I., Seung-Hyun, K., Thiruvengadam, M. and Rajakumar, 
G. Plant-mediated synthesis of silver nanoparticles: their characteristic 
properties and therapeutic applications. Nanoscale Research Letters 
11:40 (2016). DOI: 10.1186/s11671-016-1257-4.

[9] Al-Kalifawi, E.J. Green synthesis of silver nanoparticles using leaf 
extract of al-rawag tree (Moringa Oleifera Lamarck) cultivated in Iraq 
and efficacy the antimicrobial activity. Mesop. environ. j. Special Issue 
A.:39-48 (2016).

[10] Shakeel, A., Saifullah, M.A., Lal Swami, B., Saiqa, I. Green synthesis 
of silver nanoparticles using Azadirachta indica aqueous leaf extract.  
Journal of Radiation Research and Applied Sciences, Vol. 9 (1), 1–7, (2016).

[11] Upadhyaya, L.S.B. and Vermaa, N. Recent developments and appli-
cations in plant-extract mediated synthesis of silver nanoparticles.
Analytical Letters, 48 (17), 2676-2692 (2015) DOI: 
10.1080/00032719.2015.1048350.

[12] Makarov, V.V., Love, A.J., Sinitsyna O.V., Makarova, S.S., Yaminsky, 
I.V., Taliansky, M.E., and Kalinina, N.O. “Green” nanotechnologies: 
Synthesis of metal nanoparticles using plants. Acta Naturae. 6(1): 
35–44 (2014).

[13] Dzagli, M.M., Toderas, F., Mohou, M.A. and Astilean, S. Investigation 
on gold nanorods conjugated with l-cysteine and their applications. The 
African Review of Physics 7:0055 475 (2012)

[14] http://www.sigmaaldrich.com/materials-science/nanomaterials/gold-
nanoparticles.html#sthash.Jn2rqA6p.dpuf

[15] Dzagli, M.M., Boca, S., Mohou, M.A., Aştilean, S. Formation of 
gold nanoparticles aggregates by chemical cross-linking: Uv-visible 
spectroscopy and surface -enhanced raman scattering studies. Studia 
Universitas Babes Bolyai, Physica; LIV, 2, 15-22. (2009).

Figure 1. Uses of different parts of Moringa [1]
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[16] Lowe, B.  Experimental cookery from the chemical and physical 
standpoint chapter iv. fruits and vegetables. Losses in cooking 
vegetables.  John Wiley & Sons, 1937.  http://chestofbooks.com/food/
science/Experimental-Cookery/Plant-Pigments.html

2. Material and methods

Fresh MO leaves were washed with distilled water 
before being crushed and were left in various solvents 
for 30 minutes before they were filtered and used. Some 
fresh and washed MO leaves were cut with scissors and 
introduced into hot water in a beaker. The solution was 
cooled and filtered before use.

Colloidal gold nanospheres were mixed with the extract 
of MO leaves at a volumetric ratio of 1:1 and were 
slowly stirred by hand for few minutes.

2.1. Reagents

Ethyl Alcohol 95°, acetone, distilled water and hot water 
were used. Our collaborators from ICEI (UBB - Cluj-
Napoca, Romania) offered us the phosphate buffered 
saline (PBS), bovine serum albumin (BSA) and gold 
nanospheres.

2.2. UV-Vis -NIR spectrophotometry 

The optical absorbance, fluorescence and transmitance 
spectra of the prepared solutions were recorded using a  
SM120 spectrometer from CVI Spectral and  a SILVA 
NOVA spectrofluorimeter from StellarNet .

3. Results and discussion

3.1. Spectroscopic study of the Moringa leave extract

Nowadays, syntheses of nanoparticles based on medicinal 
plants were investigated[6-12]. The absorbance spectrum 
of the hot water filtrate has two peaks at 305 nm and 
404 nm (Figure 2). The absorbance spectrum of the 

extract at room temperature with Ethyl Alcohol 95° or 
acetone showed two main peaks relating to chlrorophyl 
a and b.

In the case of hot water, the heat may have dissolved 
some chloroplasts. The observed peak would be the 
presence of other chloroplasts having withstood the 
heat or simply that of other conformations resulting 
from transformation under the effect of temperature of 
chloroplasts[16]. 

The fluorescence spectra of the Moringa green leaf 
extract are presented in Figure 3. The fluorescence 
spectra of the filtrate from hot water, under an 
excitation at 390 nm, has a broad peak centered around 
530 nm. The extraction with acetone has a fluorescence 
spectrum with three peaks at 545, 685 and 736 nm, 
respectively. On this spectrum, there are two main 
areas of fluorescence bounded by: 450-600 nm and 
650-775 nm. For these areas, it would be the blue-
green fluorescence and red fluorescence and infrared 
fluorescence, respectively. The red and near-infrared 
fluorescence generally emanates from chloroplasts, 
sources of leaf chlorophyll. As for the blue-green 
fluorescence, it would come from the aromatic 

Figure 2. Absorbance of Moringa green leaf extract

Figure 3. Fluorescence spectra of Moringa green leaf extract



MM. Dzaglia,  KK. Sossoea, KS. Gadedjisso-Tossoua, MA. Mohoua, S. Bocab, S. Astileanb, J. Zoueuc

36

compounds that are found in the leaf’s epidermis 
(polyphenols, coenzymes, alkaloids)[17]. 

The ratio of chlorophyll/polyphenols is a determining 
factor for agronomic forecasts through to prognosis on 
the need for nitrogen fertilization[18]. The chlorophyll 
fluorescence measurement gives the stress disturbing 
of the plants’ photosynthetic activity[19]. 

3.2. Study of complexes based on gold nanoparticles

We characterized the nanospheres obtained from ICEI 
Cluj-Napoca (Romania) for bio-sensing. Figure 4 
shows the transmittance of gold nanoparticles (gold 
nanospheres, GNPs) and that of a biomolecule BSA 
(bovine serum albumin). It shows an absorption 
between 450 and 600 nm for gold nanoparticles and 

[17] Cerovic, Z.G., Samson, G., Morales, F., Tremblay, N., Moya, I. 
Ultraviolet-induced fluorescence for plant monitoring: present state 
and prospects. Agronomie: Agriculture and Environment. 19:543–578, 
1999.

[18] Cartelat, A., Cerovic, Z.G., Goulas, Y., Meyer, S., Lelarge, C., Prioul, 
J.L., Barbottin, A., Jeuffroy, M.H., Gate, P., Agati, G., Moya, I.  
Optically assessed contents of leaf polyphenolics andchlorophyll as 
indicators of nitrogen deficiency in wheat (Triticum aestivum L.) Field 
Crops Research 91 (2005) 35–49

[19] Kalaji, H. M., Jajoo, A., Oukarroum, A., Brestic, M., Zivcak, M., 
Samborska, I. A., Center, M. D., Łukasik, I., Goltsev, V., Ladle, R. 
J., Dabrowski, P. and Ahmad, P. The use of chlorophyll fluorescence 
kinetics analysisto study the performance of photosynthetic machinery 

in plants. P. Ahmad (Ed): Emerging Technologies and Management 
of Crop Stress Tolerance, (2). CHAPTER 15: The use of chlorophyll 
fluorescence kinetics analysis. 347- 384 DOI: http://dx.doi.
org/10.1016/B978-0-12-800875-1.00015-6.

[20] Dzagli, M. M., Canpean, V., Iosin, M., Mohou, M. A., Astilean, S. 
Study of the interaction between CdSe/ZnS core-shell quantum dots 
and bovine serum albumin by spectroscopic techniques. Journal of 
Photochemistry and Photobiology A: Chemistry 215 118–122 (2010). 
doi:10.1016/j.jphotochem.2010.08.008

 [21] Kreibig, U.  and Genze, L. Optical absorption of small metallic particles. 
Surface Science (156), Part 2, 1985, Pages 678-700 doi:10.1016/0039-
6028(85)90239-0.

before 300 nm (about 280 nm)[20] for the BSA. The 
SM 120 spectrometer used this time has its range set 
between 290 and 1100nm.

It is noted in Figure 4 that in the near infrared where the 
sample is not absorbent the transmission the coefficient 
is close to 100%, while transmission falls to about 10% 
or less and in the UV - visible spectrum where the 
sample’s absorbance is strong.

Figure 5 presents spectra obtained also by the SM120 
spectrometer. These are absorbance spectra of gold 
nanospheres and of the mixture of nanoparticles and 
extract of young Moringa leaves and adsorption of 
nanoparticles on biomolecules BSA, respectively. The 
absorbance spectrum of gold nanospheres admits a peak 
at 517 nm. With the addition of the biomolecule BSA, 

Figure 4. Transmittance spectra of nanoparticles and complex 
GNP @ BSA

Figure 5. Absorbance spectra of complexes GNP after mixing: 
a- GNPs; b- GNP @ BSA (0 min); c- @ GNP BSA (1 min); GNP 

@ d- BSA (8 min); e GNP @ MO (0 min); f- GNP @ MO (5 min); 
g- @ BSA_ GNP (15 min) @MO; h- @ BSA_ GNP (15 min) @

MO (3 min)
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a first peak forms around 523 nm due to the complexes 
obtained based on the biomolecule BSA, but over time, 
a blue shift is observed with the formation of a new 
peak between 380 and 450 nm during its evolution. 
These observations confirm that an interaction is 
performed between the BSA and GNPs. One can see on 
Figure 5 that the absorbance spectrum’s peaks of the 
obtained complex become broader and move towards 
the longer wavelengths. The moving of the peaks to 
longer wavelength indicates the formation of gold 
nanoparticle aggregates[15, 21]. The absorbance spectrum 
of the direct mixture of gold nanospheres and the leaf 
extract admits a peak around 657 nm and two secondary 
peaks at 560 and 602 nm. The absorbance spectrum of 
the gold nanospheres’ mixture and the biomolecule 
BSA after 15 minutes, and the extract of the leaf admit 
a peak around 663 nm. The evolution of this complex 

is provided by the changes induced on the spectra. This 
result confirms the detection of biomolecules, which 
is of paramount importance for the discovery and 
development of biomolecular mechanisms and medical 
diagnostics.

Conclusion

During this exercise, we investigated the MO leaves’ 
extract and demonstrated the interaction of GNPs with 
biomolecules and MO leaf chloroplasts by UV-VIS 
spectroscopy, fluorescence and transmittance. This 
contributes to the study of the extract of MO leaves and 
demonstrates the feasibility of using nanoparticles to 
characterize therapeutic solutions. Future research will 
investigate the synthesis of Ag nanoparticles from the 
leaves of medicinal plants for biomedical applications.
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Abstract

Water is essential for socio-economic development and for maintaining healthy ecosystems. 
Properly managed water resources are a critical component of growth. 

Water resources management aims to optimize the available natural water flows, including surface 
and ground water, to satisfy these competing needs. Exacerbating the uncertainty, climate change 
will increase the complexity of managing water resources. In some parts of the world, there will 
be more water available, but in other parts there will be less.

The ability of countries to make more water available for domestic, agricultural, industrial and 
environmental uses will depend on better management of water resources and more cross-sectoral 
planning and integration. 

Economic development and population growth in the UAE are exerting great pressure on water 
resources. Since the UAE lacks dependable surface resources, it relies on groundwater and 
seawater desalination to meet these needs. Continuous population growth, rising living standards 
and expanding agricultural and industrial activities have led to a greater demand for fresh water. 

The harsh arid climate of the UAE, with low annual rainfall, presents several difficulties for the 
sustainable supply of water. The UAE has one of the lowest national renewable water resource 
capacities, which on a per capita basis, equals 64 m3 per year, or the equivalent of 1% of the world 
average. To supplement the limited renewable natural water resources, overall water resources in 
the UAE include groundwater, desalination, surface water and treated wastewater. These sources 
are required to progressively meet increasing demands from agriculture, utility supply, commerce 
and industry.

Keywords: Climate, Flajes, Ground Water, Water Resources.
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1. Introduction

The UAE was extremely dependent on groundwater 
production from major aquifers for water supply. The 
production of groundwater is reliant on the amount 
of rain-fall which is scarce. The consumption rates 
of water resources have been exceeding the natural 
recharge. This scarcity has resulted in an imbalance 

between the input and output of water to the system 
and causes the deterioration of groundwater quality 
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2. http://www.SciRP.org/journal/jwarp/
3. http://www.sewa.gov.ae
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and seawater intrusion in coastal areas. Desalination 
plants have been established to cover the shortfall of 
conventional water resources and to meet the high 
water demand for domestic, agricultural and industrial 
purposes. In addition, wastewater treatment plants are 
launched in different parts of the country to reduce 
groundwater production and even lighten the burden of 
the costly production of desalinated water.   

The depletion of groundwater resources, accompanied 
with increasing water demand in the UAE as a result 
of population growth, have put the country in stress 
with the limited availability of natural water resources. 
Shortages in water resources threaten the sustainability 
of development and have classified the country as 
one of the world’s poorest in terms of water resources 
availability. 

This paper will discuss water resources in the Sharjah 
Emirate and water management issues addressed by 
the Sharjah Electricity & Water Authority (SEWA), 
including existing and future projects to meet the 
increase in water demand.

2. Water Management Principles

A 1992 meeting in Dublin established four principles 
that became the basis of water resources management:

Principle 1: Fresh water is a finite and vulnerable 
resource, essential to sustain life, development and the 
environment.

The notion that freshwater is a finite resource arises as the 
hydrological cycle on average yields a fixed quantity of 
water per time period. This overall quantity cannot yet 
be altered significantly by human actions, though it can 
be, and frequently is, depleted by man-made pollution. 
The freshwater resource is a natural asset that needs 
to be maintained to ensure that the desired services it 
provides are sustained. This principle recognizes that 
water is required for many different purposes, functions 
and services; management therefore, has to be holistic 
(integrated) and involve consideration of the demands 
placed on the resource and the threats to it.

Principle 2: Water development and management 
should be based on a participatory approach, involving 

users, planners and policymakers at all levels.

Water is a subject in which everyone is a stakeholder. 
Real participation only takes place when stakeholders 
are part of the decision-making process. The type of 
participation will depend upon the spatial scale relevant 
to particular water management and investment decisions. 
It will be affected too by the nature of the political 
environment in which such decisions take place. A 
participatory approach is the best means for achieving 
long-lasting consensus and common agreement.

Governments have to help create the opportunity and 
capacity to participate, particularly among women and 
other marginalized social groups. 

Principle 3: Women play a central part in the provision, 
management and safeguarding of water. 

The pivotal role of women as providers and users of 
water and guardians of the living environment has 
seldom been reflected in institutional arrangements for 
the development and management of water resources. 
It is widely acknowledged that women play a key 
role in the collection and safeguarding of water for 
domestic and – in many cases – agricultural use, but 
that they have a much less influential role than men 
in management, problem analysis and the decision-
making processes related to water resources.

There is an important synergy between gender equity and
sustainable water management. Involving men and women 
in influential roles at all levels of water management 
can speed up the achievement of sustainability; and 
managing water in an integrated and sustainable way 
contributes significantly to gender equity by improving 
the access of women and men to water and water-
related services to meet their essential needs

Principle 4: Water has an economic value in all 
its competing uses and should be recognized as an 
economic good as well as a social good. 

Within this principle, it is vital to recognize first the basic 
right of all human beings to have access to clean water 
and sanitation at an affordable price. Managing water 
as an economic good is an important way of achieving 
social objectives such as efficient and equitable use, 
and of encouraging conservation and protection of 
water resources. Water has a value as an economic 
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good as well as a social good. Many past failures in 
water resources management are attributable to the fact 
that the full value of water was not recognized.

Value and charges are two different measures and 
should be clearly distinguished. The value of water in 
alternative uses is important for the rational allocation 
of water as a scarce resource, whether by regulatory 
or economic means. Charging (or not charging) for 

water is applying an economic instrument to support 
disadvantaged groups, modify behavior towards conser-
vation and efficient water usage, provide incentives 
for demand management, ensure cost recovery and 
signal the consumers’ willingness to pay for additional 
investments in water services.

Treating water as an economic commodity is an important 
means for decision making on the allocation of water 

Figure 1. Physical and economic water scarcity

Figure 2. Water stress map
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between different water using sectors and between dif-
ferent uses within a sector. This is particularly important 
when extending supply is no longer a feasible option.

3. Water Use, Impacts and Benefits 

Most water uses bring benefits to society but most also 
have negative impacts which may be exacerbated by poor 
management practices, lack of regulation or lack of 
motivation due to the water governance regimes in place.

Each country has its priority developmental and 
economic goals set according to environmental, social 
and political realities. Problems and constraints arise in 
every area using water, but willingness and ability to 
address these issues in a coordinated way is affected by 
the water governance structure. 

4. Policy and Legal Framework of Water 
Resources Management

Attitudes are changing as officials become more aware
of the need for an efficient management of resources. 
They recognize that the construction of new infra-
structure has to take into account environmental and 
social impacts and the fundamental need for systems 
to be economically viable for maintenance purposes. 
However, they may still be inhibited by the political 
implications of such a change. The process of revising 
the water policy is therefore a key step, requiring 
extensive consultations and demanding political 
commitment. 

Water legislation converts policy into laws and should:

• Clarify the rights and obligations of users and 
water providers;

• Clarify the roles of the state in relation to other 
stakeholders;

• Formalize the transfer of water allocations;

• Confer a legal status on government water mana-
gement institutions and water user groups; and 

• Ensure the sustainable use of the resource.

The tasks of water resources management are very 
complex and may involve multiple and diverse activities
conducted by different players. They can also be imple-
mented to a different level of ambition. To successfully 
perform these functions with limited resources requires 
therefore careful planning.

An important step in carrying out these functions is to 
formulate relevant water management objectives related 

TABLE 1. Impact of water use sectors on water resources

Environment

Agriculture

Water supply 
& sanitation

Positive Impacts

• Purification

• Storage

• Hydrological cycle

• Return flows

• Increased infiltration

• Decreased erosion

• Groundwater recharge

• Nutrient recycling

• Nutrient recycling

Negative Impacts

• High level of water 
security required

• Surface and ground-
water pollution

Figure 3. Relevant water management objectives as related to each function



Riadh H. Al-Dabbagh

42

to each function. These water management objectives 
should delineate functions into more manageable and 
understandable parts. Water management objectives 
thus set the goal for water resources management and 
lay out the strategy of implementing the functions.

5. UAE Climate

The UAE is located within the arid zone to the south-
eastern part of the Arabian Peninsula. This arid zone 
is characterized by low rainfall and high evaporation 
rates. 

Figure 4. Total rainfall in the UAE in mm between 2000 and 2006 
(Ministry of Economics, 2007)

Figure 5. Water use in the Arab world

According to rainfall statistics of different emirates 
between 2000 and 2006, the lowest and highest volume 
of received rainfall in the Sharjah Emirate was 9 mm in 
2001 and 168.21 mm in 2006, respectively.

6. Management of Water Resources in the 
Sharjah Emirate

Water resources can be classified into conventional 
and non-conventional water resources. Conventional 
water resources depend on rain volumes and comprise 
groundwater, falajes, springs and flash floods. Non-
conventional water resources are desalinated water and 
treated wastewater. 

Previously, Sharjah was largely dependent on conven-
tional water resources, in particular groundwater, but at
present the Emirate relies on non-conventional resources, 
particularly desalinated water. 

Figure 6. Water resources in the Sharjarh Emirate

Figure 7. Water demand vs. supply in UAE

4. www.shjmun.gov.ae/v2/english/index.asp

5. Al-Asam, M. and Wagner, W. Investigations for development of 
groundwater management strategies in the Eastern Coastal Plain of the 
UAE. 3rd Gulf Water Conference, Muscat, 1997.
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SEWA is responsible for supplying all parts of the 
Emirate with drinking water from both underground 
and desalination sources. Modern desalination and 
production plants produce and treat seawater and under-
ground water for distribution to residential, commercial 
and industrial consumers through transmission and 
distribution networks.

The process of offering water services is subject to 
several transactions such as applications, inspection, 
specification preparation, cost evaluation and issuing 
A/c Nos. in accordance with the location, and finally 
connection to the required service.

6.1 Management of Conventional Water Resources:

6.1.1 Surface Run-off

Surface water is one of the conventional resources 
and its availability in Sharjah is limited and temporary 
because of the low rainfall and high evaporation rates. 
Estimated surface water in the UAE was about 39.6 
billion gallon/year (0.15 billion m3/year). 

At present, 114 dams of different sizes protect flooded 
water and increase the groundwater recharge in the area 
with an approximate capacity of 31152 million gallons. 

The Ministry of Environment and Water (MEW) will 
build 68 new dams with a capacity of 26400 million 
gallons. Out of these new planned dams, 37 dams will 
be built in the eastern region of the country. Up to  
December 2007, the total surface water stored behind 

Figure 8. Total accumulated surface water (in million gallons) in 
main dams from their construction date to December 2007 (MEW 

2008)

Figure 9. Total stored surface water (in million gallons) in main 
dams of Fujairah, Ras Al-Khaimah, Ajman and Sharjah Emirates 
from dam construction date to December 2007 (MEW, off.comm., 

2008).

TABLE 2. Main dams built in
the United Arab Emirates

Dam name

Bih

Ham

Hadf

Zikt

Tawyyaien

Hatta

Shuaib

Shi

Warraiyaa

Gulfa

Eden

Gheli

Siji

Sufini

Burak

Shawkah

Dalm

Safad, Thyib

Ghalilah

Merbih, Kadfaa

Kidaa

Shaam

Ramth

Mai

Capacity (Mm3)

7.5

7.0

0.3

3.5

19.5

4.5

20.0

3.0

5.5

0.125

0.05

0.12

0.750

0.460

0.280

0.272

0.272

0.260

0.250

0.242

0.220

0.152

0.134

0.113
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the 65 MEW-owned dams was 56083.95 million 
gallons. Beyond this, 49435.58 million gallons are 
stored in 10 dams called Al-Beeh, Tawiyeen, Ham, 
Alowais, Adhen, Wuraya, Showkah, Hadhaf, Gulfa and 
Baseerah. 

The total surface water stored in dams in Sharjah Emirate 
from their date of construction to December 2007 was 
303.864 million gallons. 

Surface water is not a significant source as its availa-
bility in UAE is associated with intense periods of rain-
fall which rarely occur in the area.

6.1.2 Springs

In the United Arab Emirates, several springs, such as 
Khatt (Ras Al-Khaimah), Maddab (Al-Fujairah) and 
Bu Sukhanah or Ain Al-Faydah (Al-Ain) are utilized 
as recreational and touristic sites. The Khatt springs are 
located about 13 km east of Diba and 15 km south of 
Ras Al-Khaimah. Siji spring lies about 50 km west of 
Al-Fujairah and 75 km east of Sharjah. Bu Sukhanah 
spring is located about 4 km west of Jabal Hafit, and 
south of Al-Ain town. Thus, no springs are available in 
the Sharjah Emirate itself.

Figure 10. Location of major springs in the United Arab Emirates 

Figure 11. Location and drainage areas of UAE Falajes

6.1.3 Falajes

Until recently, falajes represented the main arteries of 
life in the eastern parts of United Arab Emirates. At 
present, many United Arab Emirates falajes are dry 
because of excessive groundwater pumping.

6.1.4 Groundwater 

Groundwater is the main conventional water resource 
in the Sharjah Emirate and is produced by SEWA and 
by the public through private wells.  

6. Murad, A.A. and Krishnamurthy, R. V. Factors controlling groundwater 
quality in eastern United Arab Emirates: a chemical and isotopic 
approach. Journal of Hydrology, Vol. 286, pp. 227–235, 2004. 
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The main aquifers in the United Arab Emirates include 
the limestone aquifers in the north and east, fractured 
ophiolite rocks in the east, the gravel aquifers flanking 
the eastern mountain ranges on the east and west and 
the sand dune aquifers in the south and west.

The largest reserve of fresh groundwater in the United 
Arab Emirates is found in the alluvial deposits of the 
piedmont plains bounding the eastern mountains from 
the east and west. Two aquifers can be distinguished. 
These are the eastern gravel aquifer and the western 
gravel aquifer.

The groundwater supply in the Sharjah emirate comes 
from the western gravel aquifer. 

A general increase in groundwater salinity in the 
western gravel aquifer occurs as water moves from 

Figure 12. Capacity and quantity of freshwater produced in Sharjah in 2010.

the eastern recharge area towards the discharge area 
in the west. Groundwater with > 10,000 mg/l of total 
dissolved solids is found at Al-Dhaid, west and south 
of Al-Ain and Kalba. However, because of excessive 
pumping, groundwater in several areas is now affected 
by salt-water intrusion not only from the sea but from 
deeper horizons of the same aquifer, and possibly from 
nearby sabkha deposits. The groundwater is very hard 
in the northeast at Al-Dhaid, Kalba, Al-Khaznah and 
along the western coast. 

Groundwater salinities are low to high brackish and 
development is mostly for agriculture. Groundwater 
hydrochemistry is very variable, being of the magnesium 
bicarbonate, calcium bicarbonate, calcium sulphate, 
magnesium sulphate and sodium chloride types.
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Figure 13. Sharjah freshwater produced capacity and quantity for 2010

Figure 14. Produced water quantities in Sharjah in million gallons
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Figure 15. Sewa’s drinking water storage tanks capacity in million gallons - 2010

Figure 16. Water quantities produced, pumped and sold in Sharjah in million gallons (production site wise)
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Figure 17. Sold water quantities in million gallons consumer capacity wise.

Total estimated groundwater production is gradually 
decreasing and amounted to 35557.25 and 20033.93 
million gallons in 2000 and 2006, respectively. In 2000, 
groundwater production by SEWA was 9907 million 
gallons. However, the production of groundwater in 
2006 was 9407.3 million gallons. The production of 
groundwater by SEWA decreased in 2004, and then 
increased until 2006. 

By managing groundwater dependency (percentage of 
groundwater production relative to total production of 
groundwater and desalinated water), SEWA reduced 
this dependency from 47.22% in 2000 to 33.22% in 
2006. 

Dependency on groundwater is gradually decreasing 
and this indicates that the Emirate relies at present on 
non-conventional water resources such as desalinated 
water and treated wastewater. The total amount of 
groundwater used is high when compared with the 
annual recharge and total amount of groundwater 

production. This would create a deficit in groundwater 
reserves, which deficit is covered by increasing the 
production of costly desalinated water. The huge 
difference between groundwater abstractions and 
recharge points tend to increase water demand in the 
Emirate due to population growth which accompanied 
economic development and political stability. The 
large difference between recharge and groundwater 
consumption is also created by agricultural practices 
which account for about 70% of total groundwater 
consumption. Groundwater reduction and deterioration 
hinder the sustainability of this source to be considered 
as the main source of water in the Emirate.

7. Dr. Al-Mulla, M. Ministry of Environment and Water. Wastewater 
Resources Management in the UAE, Experts Consultation on Wastewater 
Management in the Arab World, 22-24 May 2011, Dubai, UAE.
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6.2 Management of Non-Conventional Resources:

6.2.1 Desalinated Water 

The Sharjah Emirate is supporting the deficit in 
conventional water resources with non-conventional 
water resources, in particular the desalination of 
seawater and brackish water. 

A total of 36 desalination plants were built in the UAE 
by end 2006. There were 12 main desalination stations 
in Sharjah.

TABLE 3. 

Desalination Plant 
Name

Sharjah Layyah

Kalba

Abu Mussa

Al-Hamriyah

Type

Multi Effect Distillation
(MED)

Reverse Osmosis (RO)

Reverse Osmosis (RO)

Reverse Osmosis (RO)

Production
(Mm3/yr)

51.60

0.01

0.01

0.02

Figure 18. Location of the main desalination plants in the UAE

Figure 19. Sharjah daily average water production
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The total production of desalinated water in the UAE 
was 134,412.8 million gallons in 2000 and increased to 
277,942.14 million gallons in 2006. Desalinated water 
produced by SEWA was 11,075 million gallons in 2000 
and increased to 18,438.54 million gallons in 2006.

TABLE 4. 

Project

Hamriyah Generation 
& Desalination 
Expansion Project

Water Distribution 
Projects

Layyah Generation & 
Desalination Station

Details

• AED 349.8 million for Phase 1 of 
installation and commissioning of 5 
combined cycle gas turbines including the 
civil works.

• AED 160 million for Phase 1 of R.O 
units.

• AED 138.5 million for installation and 
commissioning 4 desalination units of 10 
mgpd each.

• AED 17.4 million for construction of fuel 
tanks, off-loading terminal and 220 &132 
KV switchgear.

• AED 30 million for Hamdah and Badei 
800 mm water main.

• AED 35 million for Phase one of 
Hamriyah and Saja’a 1200 mm water main, 
Saja’a Halwan 1200 mm water main and 
Layyah  and Mamzar 800 pipeline

• AED 40 million for phase 1 of new 
storage tanks in Saja’a and Falaj.

• AED 51 million for phase 1 of new 
pumping stations n Saja’a, Hamda and 
Badie.

• AED 60 million for water distribution 
network at King Abdul Aziz Road, Layyah 
and Nahda pipe line and phase 1 of the 
water distribution system reinforcement.

• AED million for network developments in 
areas of Rahmania and Suyouh.

• AED 1 million for a water distribution 
system in the Eastern Zone.

• AED 26 million.

Dependency on SEWA’s desalinated water in 2000 
was 52.78% and increased to 66.22% in 2006. The 
production of groundwater by the Sharjah Emirate is 
relatively high due to the proximity of the recharge 
area, but dependency on groundwater in those areas 
will decrease with the time while dependency on 
desalinated water will increase to cover the deficit in 

groundwater as the Emirate’s population continues to 
rapidly grow.

In response to these challenges, SEWA has already 
built several desalination plants and intends to invest in 
developing some other plants. Among existing plants 
we find:

SEWA is investing in new desalination projects as an 
integral part of its non-conventional water resources 
management strategy deployed to meet increasing 
water demand. These investments are summarized in 
the following table:

6.2.2 Treated Wastewater

Treated wastewater is one of the non-conventional 
water resources and is considered a supportive source 
for the fresh water used for irrigation activities which 
account for 70% of groundwater production in UAE. 
The percentage of treated water accounted for 5.1% 
of total water production in UAE in 1995. Due to 
shortages in conventional resources, the production of 
treated water is increasing by 10% annually and this 
type of water can be utilized for domestic purposes 
after assurances of its suitability for use.

There are 7 wastewater treatment plants in the Sharjah 
Emirate with a total capacity of 42.438 million gallon/
day. However, the total production of treated water 
from all seven stations in Sharjah was 40.9741 million 
gallons in 2006.

Figure 20. Sewerage network coverage

8. Sanford, W. and Wood, W. Hydrology of the coastal sabkhas of Abu 
Dhabi, United Arab Emirates. Hydrogeology Journal (2000) 9, 358-366.
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Increasing the production of treated wastewater is a 
result of shortages in water availability which could 
harm agricultural activities. Most treated water in 
the emirate is used for landscaping and irrigation as 
agriculture activities represent one of the main land 
uses in the area.

6.2.3 Wastewater Treatment Process in Sharjah

• Pumping Stations: Wastewater «influent» from Sharjah 
City arrives at the plant through three main pumping 
stations. 

• Preliminary or Primary Treatment: It consists of 
separating floating materials and grit, sand etc. The 
process uses a screening device to remove floating 
papers, rags, cloths and plastic materials, and 

detroiters (grit track) for removing grit and sand.

• Secondary Treatment: Secondary treatment involves 
further treatment of the screened and properly mixed 
flow for biological oxidation by activated sludge 
process in aeration tanks, followed by solids/ mixed 
liquor settlement in the final setting tanks.

• Tertiary Treatment: The supernatant flow from 
the settlement tanks which is cleared of 85% of 
solids is finally passed through the sand filters to 
remove remaining suspended solids, followed by 
pre-chlorination and ultra violet disinfection. The 
disinfected effluent is finally pumped to the elevated 
tanks for town irrigation.

• Sludge Treatment: The removed solids from the 
treatment system are treated by polyelectrolytes in 

Figure 21. Wastewater treatment diagram
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two stages: primary thickening is carried out at belt 
thickeners to achieve thickening (1.5% to 4%). This 
thickened sludge is digested aerobically and further 
thickened to 5%. The thickened sludge is pumped to 
the belt press to increase thickening up to 16-18% 
solids. Sludge is transported to the area of bridge No: 
8 (SAJAA) to be composted. The excess sludge is 
dried in open yards to be utilized when required.

• Odor Control: Two stage air scrubbers are used at 
inlet works and tanker discharge facility to neutralize 
malodorous gases. Odor control performance is 
constantly monitored in PLC controlled monitoring 
system.

• Effluent water for irrigation: Effluent is discharged to 
the city through a network. Part of the effluent water 
is discharged to the sea.

Conclusion

Great efforts were made by the UAE government to 
face water scarcity. The UAE government implemented 
the national environmental strategy for water resources 
in order to improve the difficult  situation of water 
resources. This strategy is aimed at planning and 
managing water resources through implementing the 
water management policy. 

The production of desalinated water is increasing 
annually while groundwater production is decreasing. 
The deficit in groundwater production is covered by 
increasing the production of desalinated water which 
will require further financial resources in view of the 
cost of operating and maintaining desalination plants.

The most important water-related problems in Sharjah 
Emirate are the depletion of Al-Dhaid aquifers, saline-
water intrusion and quality deterioration for waters 
associated with agricultural activities. 

Groundwater abstraction is now around 3 billion cubic 
meters per year in the UAE. In the northern emirates 

where fresh groundwater still contributes to municipal 
supplies, declining water tables, exacerbated by 
agricultural development, led to salt water intrusion in 
coastal zones. Salt water intrusion is now active along 
the UAE’s eastern coastal plain which extends between 
Dibba in the north and Kalba in the south for about 70 
km. Salt water from the Gulf of Oman intrudes into the 
fresh water of coastal aquifers, raising its salinity and 
deteriorating its quality. 

Studies and research are urgently required to improve 
water resources management issues. Among the 
issues to be considered for a better optimization of the 
management plan are: 

Planning and management of water resources: 

• Development of a coordinated national water mana-
gement policy. 

• Development of legislative instruments to encourage 
water conservation. 

• Improvements in water resources management statistics. 

• Capacity-building in water resources management, 
particularly the participation of UAE nationals. 

• Mapping the fresh water - saline water interface in 
space and time along the eastern coast of the UAE.

• Determining the fresh water reserve, annual rate of 
recharge and annual rate of discharge.

Groundwater management: 

• Implementation of a national program to conserve 
groundwater and promote rational use. 

• Improvements in groundwater statistics including 
the documentation and licensing of groundwater 
abstractions. 

• Programs to improve collection of rainwater and its 
use for groundwater recharge. 

Efficient use of water in agriculture: 

• Rationalization of water use in agriculture. 

• Programs to improve water use through:

9. Zein, S.R. and Al-Sharhan, A.S. Water Resources in the United Arab 
Emirates. Water Resources Perspectives: Evaluation, Management and 
Policy. Edited by A.S. Al-Sharhan and W.W. Wood. Published in 2003 
by Elsevier Science, Amsterdam, Netherlands, p. 245-264.
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1. Better identification of crop water requirements.

2. Changes in cropping patterns.

3. Improved irrigation practices and efficiency. 

4. Evaluation of use of alternative water resources 
(such as treated wastewater in agriculture. 

Domestic and industrial demand management: 

• Improved programs monitoring and control of distri-
bution system leakage. 

• Economic instruments to promote water conservation 
and enhance cost recovery. 

• Studies of the pattern of domestic water use to identify 
conservation opportunities, including the use of more 
water-efficient equipment. 

• Promotion of water-efficient industry and discoura-
gement of industries with high water usage. 

Sustainability of desalination: 

• Research programs to assess the impact of increasing 
levels of desalination on the marine environment and 
optimize intake and discharge locations. 

• Develop national emergency plans for desalination 
plants. 

• Build national capacities in desalination operations. 

Wastewater treatment and reuse: 

• Programs for the construction of wastewater treatment 
plants in areas not currently serviced. 

• Evaluation of further uses of treated wastewater. 

• Setting of harmonized standards for treated wastewater 
reuse.
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Abstract

Catalytic co-pyrolysis of 50% blends of lignite and pistachio seed was carried out at 550°C in 
the absence and presence of a catalyst (Criterion 424) in a well swept fixed-bed reactor. The 

heating rate effect on product distribution of co-pyrolysis was investigated under the blending 
ratio of 50(wt.) %. In the range of the experimental conditions investigated the yield of the 
product is proportional to the heating rate. On the other hand, the catalyst ratio on pyrolytic oil 
yield and characteristics were investigated. The purposes of this work were to study the cracking 
and desulphurization ability of NiMo catalyst in co-pyrolysis. The results showed that a 5(wt.) % 
catalyst had both good cracking and desulphurization abilities. The pyrolytic oil obtained from 
the catalyst had lower polar and sulphur contents than non-catalyst pyrolytic oil. It was mainly 
composed of large amounts of saturated hydrocarbons and mono-aromatics.

Keywords: Catalytic Pyrolysis, Co-pyrolysis, Lignite, Pistachio Seed.

Characteristics of Pyrolytic Oil Obtained from Coal/Biomass 
Blends during Catalytic Co-pyrolysis 
Özlem ONAY
Anadolu University, 26140 Eskisehir, TURKEY
E-mail: oonay@anadolu.edu.tr

1. Introduction

Lignite is the most abundant fossil fuel. It continues to 
be the most economically attractive fossil fuel and the 
main resource used for electricity production throughout 
the world (over 40% of worldwide production). Though 
its consumption grew by 3% in 2013, below the 10-year
average of 4%, lignite remains the fastest-growing fossil 
fuel for electrical power production. However, the main 
issue with lignite combustion is the greenhouse gas 
emissions’ raising environmental concerns. According 
to the emission database for global atmospheric research, 
global carbon dioxide emissions exceeded 35 billion 
tons in 2013, with a 39% increase compared to 2000 
estimates[1].

In order to reduce the environmental impact of lignite 
utilization, researchers are endeavoring to improve 
combustion processes and to use other carbon-based 
fuels. Pyrolysis is a conversion process that allows the 
transformation of biomass into gas, liquid and solid 
products. The study of the thermal decomposition 
of lignite and biomass is essential for assessing their 
applicability and for optimizing the pyrolysis process 

ISESCO
JOURNAL
of Science 
and
Technology
Vol. 12 No 22

[1] Zellagui, S., Schönnenbeck, C., Zouaoui-Mahzoul, N., Leyssens, G., 
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for scaling up purposes.[2] Several studies have analyzed 
the thermal behaviors and product distributions of the
co-pyrolysis process to explore the existence of syner-
gistic effects. Some researchers reported the absence 
of synergy effects during co-pyrolysis, indicating that 
the products exhibited a linear additive relationship[3-5]. 
Other researchers suggested that volatile products cannot 
be linearly predicted based on the individual fuels used 
during the co-pyrolysis of biomass–lignite blends[6-9]. 
The existence of synergy effects may depend on experi-
mental conditions (pressure, temperature, contact inten-
sity and heating rate), experimental device types and
sample types.[1] Various lignocellulosic biomass synergy 
mechanisms have been proposed, which mainly focus on 
the hydrogen transfer and catalytic effects from alkali 
and alkaline earth metals. The pyrolytic oil obtained 
from biomass can be used directly as a chemical 
feedstock or fuel oil substitute. But the pyrolytic oil 
from lignite contains sulphur, SO2, which is a pollutant 
and is produced during combustion. For this reason, 
hydrodesulphurization is also important in the pyrolysis 
process. Many researchers used catalysts to improve 
the quality and quantity of pyrolytic products.[10-13] 
Conventional supported sulphided CoMo and NiMo 
catalysts used for hydrotreatment (desulphurization) 
process also provide good results for oil upgrading via 
hydrotreating. The Criterion 424 pore-size distribution 
was optimized for heavier feedstocks to provide easy

[8] Shang, L.L., Cheng, S.Q. and H.Q. Zhang. Experimental study on pyro-
lysis behaviors of lignite and biomass blending. Acta Energiae Solaris 
Sinica 28 (2006) 852–856.

[9] Onay, O., Bayram, E. and O.M. Kockar. 2007. Copyrolysis of seyitomer-
lignite and safflower seed: influence of the blending ratio and pyrolysis 
temperature on product yields and oil characterization. Energy and Fuels 
21, 3049–3056.

[10] Wu, H.X., Li, H.B.  and Z.L. Zhao. 2009. Thermogravimetric analysis 
and pyrolytic kinetic study on lignite/ biomass blends. Journal of Fuel 
Chemistry and Technology 37, 538–545.

[11] Park, D.K., Kim, S.D., Lee, S.H. and J.G. Lee. 2010. Co-pyrolysis 
characteristics of sawdust and lignite blend in TGA and a fixed bed 
reactor. Bioresource Technol. 101, 6151-6156.

[12]  Du, H., Fairbridge, C., Yang H. and Z. Ring. 2005. The chemistry 
of selective ring-opening catalysts. Applied Catalyst A: General 294, 
1-21. 

[13] Dũng, N.A., Wongkasemjit, S. and S. Jitkarnka. 2009. Effects of 
pyrolysis temperature and Pt-loaded catalysts on polar-aromatic 
content in tire-derived oil. Applied Catalysis B: Environmental 91, 
300-307.

[2] Montiano, M.G., Díaz-Faes, E. and C. Barriocanal. 2016. Kinetics of 
co-pyrolysis of sawdust, coal and tar. Bioresource Technology 205, 222-
229. 

[3] Li-gang, W., Li, Z. and X. Shao-ping. 2011. Effects of feedstock on 
co-pyrolysis of biomass and lignite in a free-fall reactor. J. Fuel Chem 
Technol. 39, 728-734.

[4] Shang, L.L., Cheng, S.Q., Zhang, H.Q. and Y. Bingyi. 2007. Investigation 
of the characteristics of COS released from lignite/ biomass blends 
during co-pyrolysis. Coal Conversion. 30, 18–21.

[5] Sonobea, T., Worasuwannaraka, N. and S. Pipatmanomaia. 2008. Synergies 
in co-pyrolysis of Thai lignite and corncob. Fuel Processing Technology 
89, 1371-1378.

[6] Zhang, L., Xu, S.P., Zhao, W. and S.Q. Liu. 2007. Co-pyrolysis of biomass 
and lignite in a free fall reactor. Fuel 86, 353–359.

[7] Stiller, A.H., Dadyburjor, D.B., Wann, J., Tian, D. and J.W. Zondlo. Co-
processing of agricultural with lignite and biomass waste. Fuel Process. 
Technol. 49 (1996) 167–175.

access for large molecules and to make the catalyst 
more tolerant to the metals and contaminants present in 
hydrocracker feeds. Also, marginal cetane improvement 
or smoke point improvement can be achieved by 
Criterion 424 catalyst. 

In this work, effects of the heating rate and catalyst 
on the yield and chemical compositions of pyrolytic 
oil have been investigated. Criterion 424 was chosen 
as a NiMo catalyst since pyrolysis requires both the 
cracking and desulphurization functions of the catalyst. 

2. Experimental

2.1. Materials
The pistachio seed (PS) and lignite sample investigated 
in this study were collected from the vicinity of Batman 
in Southeast Anatolia, and from Kutahya-Seyitömer 
region in central Anatolia, respectively. Prior to use, 
the sample was air-dried and ground in a high-speed 
rotary cutting mill. Particle size range was between 
0.5-1.0 mm for the lignite and pistachio seed. Some 
characteristics of the used pistachio seed and lignite are 
given in Table 1. The commercially available Ni-Mo/γ-
alumina catalyst, Criterion 424, its oxide composition 
being MoO3 (19.5% w/w), NiO (4% w/w), and P2O5 
(8% w/w), was selected for the sample’s catalytic 
pyrolysis. 
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2.2. Pyrolysis procedure

The pistachio seed and lignite mixtures (1:1) were 
pyrolyzed in a well swept fixed-bed reactor. To 
determine the effect of the heating rate on product 
yields, 3 g of air-dried sample were placed in the reactor 
and the temperature was raised by 10, 40, 100, 300, 500 
and 800°C min-1 to a final temperature of 550°C and 
held for either a minimum of 30 min or until no further 
significant gas release was observed. The released gas 
flow was measured using a soap film for the duration 
of the experiment. The liquid phase was collected in a 
glass liner located in a cold trap maintained at about 
0°C. The liquid phase consisted of aqueous and oil 
phases which were separated and weighed. After 
pyrolysis, the solid char was removed and weighed, and 
then the gas+ water yield was calculated by difference. 
Catalytic co-pyrolysis experiments were performed 
at a catalyst ratio of 1-25 % by weight, heating rate 
of 500°C min-1, final temperature of 550°C and 50% 
blending ratio of lignite. All the yields were expressed 
on a dry, ash-free (daf) basis. 

2.3. Analysis methods

The pyrolytic oils analyzed in this study were 
obtained in the experimental conditions that gave the 

maximum oil yield. Elemental composition (C, H, N 
and S) and higher heating value (HHV) of the sample 
were determined with an elemental analyzer (LECO 
TruSpec CHN Elemental Analyzer) and IKA C200 
calorimeter. TG analysis was carried out in a LINSEIS 
Thermowaage L81 thermo gravimetric analyzer 
coupled with a differential thermal analyzer (DTA).  
The initial weight of the sample was close to 25 mg. 
The samples were heated from room temperature to 
800°C at a heating rate of 40°C min-1 using N2 as the 
carrier gas at a constant flow rate of 40 mlmin-1. 

Chemical class compositions of the pyrolytic oils 
were determined by liquid column chromatographic 
fractionation. The pyrolytic oil was separated into two 
fractions as n-pentane soluble and insoluble compounds 
(asphaltenes) by using n-pentane. The n-pentane 
soluble material was further separated on activated 
silica-gel (70-230 mesh). The column was eluted 
successively with n-pentane, toluene and methanol 
to produce aliphatic, aromatic and polar fractions, 
respectively. Each fraction was dried and weighed. The 
fractions were analyzed by Fourier transform infrared 
spectroscopy to determine the efficient separation of the 
chemical class. In addition, the n-pentane fraction was 
analyzed by GC/MS (HP 6890 GC/MS 30 m i.d.; 0.25 
mm i.d.; 0.25 µm film thickness, HP-5MS column).

3. Results and Discussion

3.1. Thermogravimetric investigation

The individual curves for each raw material and 50% 
blends are presented in Figure 1. Pistachio seed and 
lignite are essentially degraded at different ranges of 
temperature. An important amount of pistachio seed char 
was already formed when the major part of lignite was 
decomposing. For pistachio seeds, the devolatilization 
starts at 200°C and the weight loss at the final pyrolysis 
temperature (800°C) is 80.8%. The lignite tested starts 
to devolatilize at a higher temperature compared with 
pistachio seeds. The lignite peaks between 340°C and 
530°C. The global weight loss at the final pyrolysis 
temperature of 800°C is 36.2%. Thermogravimetric 
analysis was also conducted for the 50% blending ratio 
prepared and given in Figure 1. The blend curve lies 

TABLE 1. Main characteristics of the pistachio seed and 
lignite

Moisture
Volatile
Fixed C
Ash

Carbon
Hydrogen
Nitrogen
Sulphur
Oxygen (by difference)
Empirical formula
H/C molar ratio
O/C molar ratio
Calorific value(MJ/kg)

Characteristics

6.4
82.6
  7.3
  3.7

60.4
10.2
2.8
-

26.6
CH1.82N0.04O0.33

2.03
0.33
30.4

Pistachio seed

11.2
32.7
16.5
39.6

35.6
3.1
-

0.6
60.7

CH1.05N0.0O1.28

1.05
1.28
6.6

Lignite

Proximate analysis (wt.%, as received)

Elemental analysis (wt.%, daf.basis)
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between the curves of the reference materials and shows 
that weight-loss within the 500-800°C temperature 
range is fairly low. Thus, 500-550°C can be a practical 
temperature to carry out biomass and lignite pyrolysis.

3.2. Product yields

The heating rate influence on product yields was 
investigated at 50% blending ratio. The productions 
of char, oil and gas yields were plotted against the 
heating rate in Figure 2. The main effect of the heating 
rate increase is higher amounts of gas and oil, whilst 
the yields of char continuously decrease. As shown 
in Figure 2, the char yield significantly decreased as 
the heating rate was raised from 10 to 800°C min-1, 
in other words, the pyrolysis conversion increased. 
The decrease in the char yield with increasing heating 
rate could be attributed to the greater decomposition 
of the samples at higher temperatures. The pyrolytic 
oil yield increased as the heating rate was raised from 

10 to 300°C min-1, reaching a maximum at a heating 
rate of 500°C min-1 and decreasing at the heating rate 
of 800°C min-1. In our case, the maximum yield of 
pyrolytic oil is obtained at the heating rate of 500°C 
min-1. Clearly, the yield of pyrolytic oil is higher, as 
compared to expectations (Figure 2) calculated as the 
sum of pyrolytic oil fractions produced by the pyrolysis 
of each separated component. At the heating rate of 
500°C min-1 the co-pyrolysis of lignite and pistachio 
seed leads to the production of more than 6% (in mass) 
of pyrolytic oil for a 50% blending ratio of lignite, 
whatever the origins of the studied raw materials.

In order to increase the pyrolytic oil yield and improve 
the quality of obtained pyrolytic oil, Criterion-424 was 
used as a catalyst. As can be seen from Figure 3, the 
major product from experiments was pyrolytic oil and 
the pyrolytic oil yield is slightly higher. For example, in 
pyrolysis of 50% lignite in the absence of catalyst, the 
pyrolytic oil yield was 38.7% and reached a maximum 
value of 42.6% through the use of this commercial 
catalyst at 5% by weight. As a result, the pyrolytic oil 
yield increases about 10 wt. % at catalytic pyrolysis 
conditions. The pyrolytic oil yield dropped when the 
catalyst used more than 5 wt. % in the pyrolysis of 50% 
lignite. This was due to the fact that more materials were 
cracked into uncondensed product with the catalyst. It 
can be seen from Figure 3 that there is no significant 
change in char yields with different catalyst ratios. This 
indicates that the catalyst ratio has no significant effect 
on pyrolysis conversion. 

Figure 1. Percent residual mass versus temperature

Figure 2. Effects of heating rate on the production of the co-
pyrolysis products

Figure 3. Effect of Criterion 424 catalyst ratio on the production 
of the co-pyrolysis products 
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3.3. Chemical composition

The properties of pyrolytic oils are given in Table 2. As 
can be seen in Tables 1 and 2, pyrolytic oils contain less 
amounts of oxygen than that of the original feedstock. 
The significant decrease in oxygen content of pyrolytic 
oil compared to the original feedstock is important since 
high oxygen content is not favored in the production 
of transport fuels. Furthermore, comparison of H/C ratios 
with conventional fuels indicates that H/C ratios of the 
pyrolytic oils obtained in this study lie between those of 
light and heavy petroleum products. The FT-IR spectra 
of the investigated pyrolytic oils are presented in Table 3. 
The spectra of pyrolytic oil from biomass presents 
some typical bands corresponding to O\H stretching 
vibrations between 3300 and 3600 cm-1, which indicate 
the presence of phenols and alcohols, C-O stretching 
vibrations between 1750 and 1650 cm-1 indicating the 
presence of aldehydes, ketones and carboxylic acids, 
and absorbance peaks between 900 and 650 cm-1 proving 
the existence of single, polycyclic and substituted 
aromatic groups. More specifically, alcohols, phenols 
and carboxylic acids are not observed in the spectra of 
the co-pyrolysis pyrolytic oils obtained from lignite 
and lignite-biomass mixtures. All the spectra include 
peaks of alkanes and alkenes. The presence of alkanes 
is indicated by the absorbance peak of C\H vibrations 
between 3000 and 2800 cm-1 and by 1460–1350 cm-1 
bands due to C\H bending. The absorbance peaks 
between 1630 and 1590 cm-1 indicate the presence of 
alkenes.

TABLE 2. Elemental compositions and calorific values of 
pyrolytic oils

C

H

N

S

Ob

H/C molar ratio

Calorific value 
(MJkg-1)

Component

80.1

13.9

  0.8

  -

  5.2

2.08

46.3

50% lignite 
-5%Cat

79.7

10.3

  0.8

  0.7

  8.5

1.55

40.3

Lignite

78.1

11.9

  1.8

  0.4

  7.8

1.83

41.9

50% 
lignite

0.5

5.4

2.4

12.5

79.2

PS

TABLE 4. 1H NMR results of pyrolytic oils.

Aromatic

Alkene

Aliphatic 
adjacent to 
oxygen 

Aliphatic 
adjacent to 
aromatic-
alkene group 

Other aliphatic 
(bonded to 
aliphatic only)

Hydrogen 
environment 

12.4

1.5

1.1

22.3

62.7

50% lignite 
-5%Cat

6.3-9.3

4.5-6.3

3.3-4.5

1.8-3.3

0.4-1.8

Range 
(ppm)

7.9

3.3

2.8

19.1

66.9

50% 
lignite

13.6

1.3

0.5

20.4

64.2

Lignite

The 1H NMR spectra of pyrolytic oils and hydrogen 
distributions are given in Table 4. Results of the 
1H NMR analysis show that pyrolytic oils contain 
mainly aliphatic protons as carbon atoms bonded to 
other aliphatic carbon atoms. The amount of olefinic 
protons and aliphatic adjacent to oxygen decreased 
with catalytic pyrolysis. In contrast, catalytic pyrolysis 
oils contained a higher concentration of single ring 

TABLE 3. Results of FT-IR spectra for pyrolytic oils 

3600–3400

3040–3000

2980–2930

2870–2850

1720–1770

1625–1590

1600, 1580, 1450

1460

1375

1275–1200

1150–1070

900–700

740–720

730–675

720–725

Band position 
(cm-1)

_

+

+

+

_

+

+

_

+

_

_

+

+

_

_

50% 
lignite 

_

+

+

+

-

+

+

+

+

_

_

+

+

+

_

50% lignite 
- 5%cat

 (O H)

(C H) aromatic ring

as(C H)

s(C H)

(C O)

(C C)

Aromatic ring

δas (CH3, CH2 scissor)

δs(C H)

as( C O C)

as(C O C)/OH

substituents of 
aromatic ring

γ(C H)

γ( CH)

Rocking band

Assignment

+

_

+

+

+

_

+

+

+

+

+

_

+

+

_

PS

_

+

+

+

_

+

+

+

+

+

_

+

+

+

_

Lignite
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aromatic compound and aliphatic group rings than co-
pyrolytic oil. The GC/MS analyses were conducted on 
n-pentane fractions to confirm n-alkane and n-alkene 
hydrocarbons (Figure 4). N-pentane fractions consist 
of normal alkanes, alkenes and branched hydrocarbons. 
The straight chain n-alkanes range from C6 to C24 in the 
pyrolytic oils. 

Figure 4. GC/MS of the n-pentane fraction of pyrolytic oils

Conclusion

In the present work, mixtures of pistachio seed and 
lignite can be radically converted to liquid products 
by catalytic co-pyrolysis under a nitrogen pyrolysis 
atmosphere in a well swept fixed-bed reactor. Results 
show that the heating rate has a significant influence 
on pyrolytic oil. At a heating rate of 500°Cmin-1 the 
maximum yield of pyrolytic oil is observed. The 
differences between experimental value and calculated 
value confirm that significant synergies can occur during 
the co-pyrolysis of lignite and pistachio seed when 
pyrolytic vapors are in close contact, thus improving 
the pyrolytic oil quality. Catalytic co-pyrolysis can 
be used to improve the process economics of lignite. 
This can not only increase pyrolytic oil yield but also 
produce high-value products such as aromatics.
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Abstract

The present work aims to study the role of saffron in Ehrlich Ascites Carcinoma (EAC) in 
mice. Once the tumors were formed, the mice were divided into four groups (control, tumor, 

saffron and saffron & tumor). Each group contained eight mice. At the end of experimentation, 
the mice were dissected and a histological examination of both liver and kidney was performed on 
all groups. Also, the levels of alanine transaminase (ALT), aspartate transaminase (AST), urea, 
creatinine, malonyl dialdehyde (MDA), superoxide dismutase (SOD) and catalase (CAT) were 
measured in all tested groups. Saffron extract improved the histological structures of both liver 
and kidney bringing them close to normal structures. They also reduced the elevated values of 
ALT, AST, Urea, Creatinine, and MDA towards normal values in significant and non-significant 
changes, increased the reduced levels of SOD and CAT to near normal values and significantly 
reduced tumor volumes. Finally, saffron modulated the destructed genomic DNA to be in normal 
patterns.

Keywords: Antioxidant, DNA Pattern, Ehrlich Ascites Carcinoma, Kidney, Liver, Mice, Saffron.

Ameliorative Effect of Saffron Extract on Mice Bearing Solid 
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1. Introduction

Cancer, The most awful disease found among people, 
is a class of diseases designated by uncontrolled cell 
growth. More than 100 different types of cancer exist, 
and each is categorized by the type of cell initially 
affected. In many countries, the second most common 
cause of death after cardiovascular diseases is cancer 
(Jemal et al., 2007).[1] 

EAC is mentioned as an undifferentiated carcinoma 
and is originally hyperdiploid, with high transplantable 
ability, no-regression, quick propagation, shorter life 
span and 100% maliciousness (Kaleoglu and Isli, 1977).
[2] EAC is used as ascites or a solid form according 
to the purpose. If ascites fluid has the tumor cell, the 
ascites form is acquired by intraperitoneal injection, 
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while the solid form is obtained through  subcutaneous 
injection (Okay, 1998; Zeybek, 1996).[3,4]

To treat cancer, different therapies are available. 
Chemotherapy and radiotherapy are the most common 
and have the best outlook, but they have many toxic side 
effects and induce the inhibition of the immune system 
(Diwanay et al., 2004).[5] Discoveries of alternative 
therapies which are natural, especially from plants, are 
used to defeat different forms of cancer with low toxic 
effects (Sakthivel and Guruvayoorappan, 2013).[6] A 
perfect anticancer agent must be cell-specific; it should 
kill the cancer cells without causing any damage to 
normal cells. Thus, natural products have now been 
considered effective anticancer drugs with the lowest 
host cell toxicity.

Saffron, Crocus sativus, is identified as Zaa’fran and 
used as an essential spice agent in making Arabic 
coffee. It was reported that saffron has a cytotoxic 
effect against Ehrlich ascites carcinoma solid tumors in 
mice and increases the lifespan of tumor bearing mice 
(Nair et al., 1991, 1992).[7,8] Saffron is identified with 
numerous chemical ingredients including crocin-1, 
picrocrocin, startry, vitamins, Bl and B2, fixed oils, 
carotenoids, colichicine, quercitin, proteins, wax and 
mucilage (Tarantilis et al., 1995).[9] Saffron and its chief 

carotenoid components may have the ability to inhibit 
and to cure different forms of cancer. Milad et al., 
(2011) revealed that the aqueous and ethanolic extracts 
of saffron displayed hepatoprotective effects against 
liver injuries stimulated by carbon tetrachloride (CCl4)  
in mice and significantly reduced the levels of AST and 
ALT in plasma. In vivo and in vitro experimentation 
proved that the active ingredients of saffron suppress 
cancer cell development and tumor induction. The 
anti-cancer features of saffron and its ingredients, such 
as safranal and crocin have been studied (Chryssanthi 
et al., 2007).[10] The anticancer effect of saffron is 
correlated with its antioxidative effect (Papandreou et 
al., 2011).[11]

The imbalance between the antioxidants’ reaction ability 
and reactive oxygen species (ROS), leads to an oxidative 
stress, which induces different diseases such as cancer 
(Aghvami et al., 2006).[12] Russo et al., (2000)[13] 
mentioned that antioxidant defenses protect against 
free radicals. High levels of oxidative species (ROS) 
can induce damage to lipids, proteins and DNA. The 
antioxidants are either enzymatic or non-enzymatic. 
Enzymatic antioxidants are produced by the organism 
as catalase (CAT) and superoxide dismutase (SOD). The 
enzyme catalase acts as a defense system against H2O2, 
but the SOD enzyme acts on a superoxide (Mahadik 
and Scheffer, 1996).[14] Free radical-facilitated injuries 
may play a vital role in the stimulation of cancer. To 
study the importance of free radicals in the cancer 
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İstanbul.
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National Cancer Institute. Monographs. 27. 17-37.   

[14] Mahadik, S.P. and R.E. Scheffer. 1996. Oxidative injury and potential 
use of antioxidant in schizophrenia. Prostaglandin, leukot Essent Fatty 
acid 55 45-54.
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process, malonyl dialdehyde (MDA) levels, superoxide 
dismutase (SOD), and catalase (CAT) activities were 
determined in normal mice and mice bearing solid 
tumors treated or not treated with saffron. Asdaq and 
Inamdar (2010)[15] mentioned that saffron induced a 
decrease in the elevated levels of AST, ALT and MDA 
in serum and in increasing the diminished levels of 
SOD and CAT.

This study aims to evaluate the antitumor activity of 
saffron extract in vivo and in vitro against mice bearing 
solid tumors induced with a subcutaneous injection of 
EAC cells.

2. Materials and Methods:

Experimental Animals and Protocol

Because Ehrlich Ascites Carcinoma (EAC) cells were 
stated to display greater initial growth and total cell 
count in female rather than male mice (Vincent and 
Nicholls, 1967),[16] female mice were used in this 
study. Thirty two Swiss albino female mice (20-25 
g in weight) obtained from the Animal House of the 
National cancer Institute, Cairo, Egypt, were used in 
the present study. The animals were randomized and 
housed under ambient room-temperature and relative 
humidity conditions. A commercial diet and water were 
provided ad libitum. The experiments were approved 
by the state authorities and followed Egyptian animal 
protection laws, as well as specific local institutional 
laws for animal protection under the supervision of 
authorized investigators.

The mice were divided into four groups, each containing 
eight mice. The mice of the 1st group were served as 
a control group. The 2nd group mice were injected 
subcutaneously with 0.2 ml of Ehrlich ascites carcinoma 
(EAC) which contains 3 × 106 cells. The 3rd group mice 
were treated orally with the saffron extract at a dose 

of 100 mg/ kg body weight, three times weekly for a 
month. For the 4th group, the mice were inoculated with 
(EAC) as in group 2 then treated orally with 0.1 ml 
saffron extract after 10 days of inoculation at a dose of 
100 mg/ kg body weight three times weekly for a month.

Saffron Extract Preparation

Saffron (Crocus sativus) was purchased from local 
markets in Cairo, Egypt. A dried powder (10 g) from 
saffron was mixed with 100 ml of organic solvent 
(ethanol, hexane and ethyl acetate). The mixture was 
placed at room temperature for 24 h on a shaker at 150 
rpm. The solution was filtered through muslin cloth and 
then re-filtered by passing it through a Whatman Filter 
No. 1. The filtrate thus obtained was concentrated by 
complete evaporation of solvent at room temperature 
to yield the pure extract. The stock solution of crude 
saffron extract organic solvent was prepared by 
mixing  the appropriate amount of dried extract with 
the respective solvent to obtain a final concentration 
of 100 mg/ml. The solution was stored at 4°C after its 
collection in sterilized bottles until further use.

Induction of Ehrlich Solid Tumor and Determination 
of Tumor Volume

A line of EAC cells was obtained from the Cancer 
Biology Department of the National Cancer Institute 
(Cairo, Egypt), and preserved by weekly intra-peritoneal 
transplantation of 3x106 cells/mouse. Ehrlich ascites 
carcinoma (EAC) cells were collected from donor 
mice (Swiss albino) with 20-25 g in body weight and 
suspended in a sterile isotonic saline. A fixed number 
of viable cells (usually 3 × 106 cells/20 g body weight) 
were injected subcutaneously to the right hind limb of 
the mice (Gothoskar & Ranadive, 1971).[17] The tumor 
developed and became palpable in all injected animals 
10 days after tumor inoculation.

[15] Asdaq, S.M and M.N. Inamdar. 2010. Potential of Crocus sativus 
(saffron). and its constituent, crocin, as hypolipidemic and antioxidant 
in rats. Appl Biochem Biotechnol 162 358-372.

[16] Vincent, P.C. and A. Nicholls. 1967. Comparison of the Growth of the 
Ehrlich Ascites Tumor in Male and Female Mice. Cancer Res, 27. 1. 
1058-1065.

[17] Gothoskar, S.V. and K.J. Ranadive. 1971. Anticancer screening of 
SAN-AB an extract of marking nut Semicarpus anacardium. Indian 
Journal of Experimental Biology, 9 372-375.
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The change in tumor volume (TV/mm3) was measured 
individually twice a week for one month starting from 
the 15th day using a Vernier caliper and calculated by 
the following formula: Tumor volume (mm3)= 0.52 × 
(minor axis) × (major axis)2 (Noaman et al., 2008).          

In vitro study

The cytotoxicity assay of saffron extract on Ehrlich 
ascites tumor cells and the cell viability test were 
measured microscopically by calculating the viability 
of tumor cells. The optimal concentration of saffron 
extract was estimated (at 100 mg/kg body weight). 
The viability percentage of tumor cells was measured 
after incubation with the saffron extract. According 
to El-Merzabani et al. (1979),[18] with some required 
modifications, the viability percentage of tumor cells 
was measured after incubation with the examined 
extract (saffron). The cell suspension was mixed with 
an equal volume of trypan blue (4 mg/ml) i-at the ratio 
1:1 and incubated for 5 min at 37°C. The estimation 
of the total number of viable cells was done using a 
hemocytometer chamber (Hashim et al., 2014).[19] 
The percentage of viable cells was calculated by the 
formula, Percentage viable cells = [1.00 − (Number 
of trypan blue stained cells / Total cells)] ×100. The 
viability of the cells was 99% as judged by trypan blue 
exclusion assay.

Biochemical analysis

For enzyme determination, blood samples were 
collected from the animals after 4 weeks of treatment. 
Sera were obtained by centrifugation of the blood 
sample and stored at -20°C until assayed for biochemical 
parameters. Both alanine aminotransferase and 
aspartate aminotransferase (ALT and AST), liver 

functions and plasma urea and creatinine (kidney 
functions) were determined colorimetrically using 
test reagent kits (Mediserve Company; Egypt, for 
liver enzymes and Randox, UK, for kidney functions), 
according to the manufacturer’s instructions.

According to (Draper and Hadley, 1990)[20] the levels 

Figure 1. Photomicrograph showing (EAC) without 
treatment (A) and (EAC) treated with saffron (B). X 400

TABLE 1. Effect of saffron extract on tumor volume

Groups
 

Untreated tumor

Tumor treated with saffron

Tumor Volume (mm3)
 Mean ± SD

2.37 ± 0.1949   

1.386 ± 0.11****

[18] El-Merzabani, M.M., El-Aaser, A.A., Attia, M.A.M., El-Duweini, A.K. 
and A.H. Ghazal. 1979. Screening system for Egyptian Plants with 
Potential Antitumor Activity. J. Planta Medica. 36 150-155.

[19] Hashim, Y.Z., Phirdaous, A. and A. Azura. 2014. Screening of anticancer 
activity from agarwood essential oil. Pharmacognosy Res.; 6 191–194. 

[20] Draper, H.H. and M. Hadley. 1990.  Malondialdehyde determination as 
index of lipid peroxidation. Methods Enzymol; 186 421–431.
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Histopathological examination

The treated animals and their controls were killed by 
cervical dislocation and quickly dissected. The  liver 
and kidney were removed and fixed in Bouin’s fluid. 
After 24 hours, the tissues were rinsed three times 
in 70% ethanol, dehydrated using a graded ethanol 
series and then embedded in paraffin wax. Paraffin 
sections were cut into 5 micrometers thick slices 
and stained with haematoxylin and eosin for light 
microscope examination. The sections were viewed 
and photographed (Banchroft et al., 1996).[24]

Statistical analysis

The results were expressed as mean ± SD of different 
groups. The differences between mean values were 
evaluated by one way analysis of variance ANOVA 
followed by Tukey-Kramer multiple comparison test 
(Armitage and Berry, 1987)[25] using Graph Pad Prism 
software. P values < 0.05 were considered to be statisti-
cally significant. 

3. Results:

Tumor size:

Measurements of the tumor in mice EAC-bearing 
tumor and saffron-tumor mice showed that the saffron 
extract reduced the tumor volume in a very extremely 
significant way (p < 0.0001) (Table 1).

of lipid peroxidation product MDA (malondialdhyde) 
was estimated using the thiobarbituric acid (TBA) 
assay based on the release of color complex due to 
TBA’s reaction with MDA. Catalase (CAT) activity 
was defined by the assay based on the rate of hydrogen 
peroxide/ammonium molybdate complex formation 
(Gonenc et al., 2006).[21] The activity of superoxide 
dismutase (SOD) was determined according to the method 
of Woolliams et al (1983)[22] which is based on the inhi-
bition of nitroblue tetrazolium (NBT) reduction by the 
xanthine - xanthine oxidase system as a superoxide generator.

DNA fragmentation assay

DNA fragmentation testing by agarose gel electrophoresis 
in all tested groups was determined by the method 
described by Tayeb and William (1999).[23] The total 
genomic DNA was isolated from mice liver and 
kidney tumors belonging to different groups by using 
a DNA extraction kit (TIANamp Genomic DNA Kit) 
and analyzed by electrophoresis on 1.5% agarose gel 
containing 0.1 mg/ml ethidium bromide and visualized 
under an UV illuminator.

TABLE 2. Effects of saffron extract on kidney functions in 
different mice groups

Groups

Control

Tumor

Saffron

Saffron +Tumor

UREA (mg/dl)

14.00±1.000

29.33±1.528***

15.33±1.155$

23.67±2.309**

Creatinine (mg/dl)

0.4000±0.1000

0.8667±0.05774**

0.4333±0.05774$

0.7333±0.05774**

TABLE 3. Effects of saffron extract on liver functions in 
different mice groups

Groups

Control

Tumor

Saffron

Saffron +Tumor

ALT (U/L)

15.67± 0.5774

88.67±2.517****

21.33±1.528**

33.00±1.000****

AST (U/L)

16.00±2.000

92.00±1.000****

21.33±1.528*

34.33±1.528***

[21] Gonenc, A., Erten, D., Aslan, S., Akinci, M., Simşek, B., and M. Torun. 
2006. Lipid peroxidation and antioxidant status in blood and tissue 
of malignant breast tumor and benign beast disease. Cell Biol Int; 30 
376–380.

[22] Woolliams, J.A., Wiener, G., Anderson, P.H. and C.H. McMurray. 1983. 
Variation in the activities of glutathione peroxidase and superoxide 
dismutase and in the concentration of copper in the blood in various 
breed crosses of sheep. Res Vet Sci; 34 69-77.

[23] Tayeb, K. and T.B. William. 1999. Merbarone, a catalytic inhibitor 
of DNA topoisomerase II, induces apoptosis in CEM cells through 
activation of ICE/CED-3-like protease. Mol Pharmacol; 55 548–456.

[24] Banchroft, J.D., Stevens, A. and D.R. Turner. 1996. Theory and 
practice of Histological Techniques. Fourth Ed. Churchil Livingstone, 
New York, London, San Francisco, Tokyo.

[25] Armitage, P. and G. Berry. 1987. Statistical Methods in Medical Research, 
Armitage, P. and Berry, G. Eds. pp. 186-00, Oxford Blackwell Scientific 
Publications.



Saber A. Sakr, Osama M. Badr, Hala M. Abd-Eltawab

65

In vitro antitumor activity of saffron on EAC:

The Ehrlich ascites carcinoma cells appear bright (not 
colored) and intact in Figure 1 (A). The viability of EAC
was very high (Tumor-Untreated). On the other hand, 
in Figure 1 (B), Ehrlich ascites carcinoma cells treated 
with saffron appear to be colored with trypan blue. 
Animals bearing EAC cells treated with saffron showed 
a significant decrease in the total viable EAC cell count 
in comparison to non-treated tumor bearing mice.   

Biochemical results:

Effect of saffron extract on kidney functions 

Data in Table (2) showed that the values of urea recorded 
an extremely significant elevation (P ≤ 0.001) in the sera 
of the tumor group mice compared to the control group. 
The mice treated with saffron showed non-significant 
values of urea compared to control (P > 0.05). On the 
other hand, the values of urea in mice – bearing solid 
tumors and treated with saffron were reduced from extre-
mely significant (P ≤ 0.001) to very significant (P ≤ 0.01).

Data in Table (2) shows that the values of creatinine 
recorded a very significant elevation (P ≤ 0.01) in the 
sera of the tumor group mice compared to the control 
group. In relation to mice treated with saffron, the 
recorded values of creatinine exhibited a non-significant 
change (P > 0.05) in relation to control values. On the 
other hand, the recorded values of creatinine in mice – 
bearing solid tumors treated with saffron still recorded 

TABLE 4. Effect of saffron extract on MDA, SOD and CAT 
activities in different mice groups

Groups

Control

Tumor

Saffron

Saffron +Tumor

MDA (nmol/g)

4.058±0.00557

10.96±0.2770****

4.215±0.1050$

4.541±0.1095**

SOD (U/g)

62.57±0.5831

30.64±1.704****

60.17±0.5114**

57.63±1.487**

CAT (U/g)

29.00±1.000

12.33±1.528****

27.33±1.528$

21.67±1.528**

Figure 2. Gel electrophoresis of tumor genomic DNA (A),
liver genomic DNA (B) and kidney genomic DNA (C) in different 

animal groups. Lane 1: DNA ladder, Lane 2: Control,
Lane 3: Tumor, Lane 4: Saffron and Lane 5: Saffron + Tumor.

Figure 3. Photomicrograph of histological structure of 
the kidney of a control mouse showing normal glomeruli 

(G) and normal renal tubules (RT). H&E, X400

All data are expressed as mean ± SD. 
(****) very extremely significant    P ≤ 0.0001
(***)   extremely significant            P ≤ 0.001
 (**)     very significant                    P ≤ 0.01
  (*)       significant                           P ≤ 0.05
  ($)       not-significant                     P > 0.05
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a very significant elevation (P ≤ 0.01) in relation to the 
control group. 

Effect of saffron extract on liver functions 

Data in Table (3) showed that the values of Alanine 

Transaminase (ALT) estimated in the mice’s blood sera 
exhibited elevated values in the tumor group compared 
with the control group (P ≤ 0.0001). The mice treated 
with saffron showed a moderate elevation in the values 
of ALT to record a very significant value (P ≤ 0.01) 

Figure 4. Photomicrograph of the histological structure 
of a kidney of a mouse bearing a solid tumor showing 
an enlarged and congested renal vein (RV), degenerated 
renal tubules (RT) and a glomerulus with a very narrow 

space (G). H&E, X400.

Figure 5. Photomicrograph of the histological structure 
of the kidney in a mouse bearing a solid tumor showing 
degenerated renal tubules (RT) and glomerular atrophy 
(G), the glomerular sub-capsular space is absent or 
very narrow (arrows). A marked interstitial edema was 

also observed (ED). H&E, X400.

in relation to the control group. On the other hand, 
the recorded values of ALT were still very extremely 
significant (P ≤ 0.0001) in tumor groups treated with 

Figure 6. Photomicrograph of the histological structure 
of the kidney in a mouse treated with saffron showing 

normal renal structure; normal glomeruli (G) and 
normal renal tubules (RT). H&E, X400.

saffron when compared with the control. It was obvious 
that the recorded values were diminished. 

Figure 7. Photomicrograph of the kidney’s histological 
structure in a mouse bearing a solid tumor treated with saffron 

showing some ameliorations in the renal structure.
H&E, X400.

Data in Table (3) showed that the values of aspartate 
transaminase (AST) were also estimated in the mice 
blood sera and showed an elevation in the tumor group 
compared with the control group (P ≤ 0.0001). The 
mice treated with saffron showed a slight increase in 
AST values to record only a significant elevation (P ≤ 
0.05) in relation to control values. On the other hand, 
the recorded AST values in tumor groups treated with 
saffron decreased from very extremely significant 
high (P ≤ 0.0001) to record an extremely significant 
elevation (P ≤ 0.001) when compared with the control 
values. 
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Figure 8. Photomicrograph of the histological structure 
of the control mice’s liver (A) showing a normal 

histological appearance including the central vein (CV), 
blood sinusoids (BS), hepatic cells (HC) and Kupffer cells 

(KC). H&E, X400.

Effect of saffron extract on oxidative and antioxidant 
enzymes

The recorded data in Table 4 revealed that MDA values 
recorded a very significant elevation (P ≤ 0.0001) in 

the sera of mice bearing solid tumors compared to the 
control group. Mice treated with saffron showed nearly 
the same values of MDA levels as found in the control 
group and showed a non-significant change (P > 0.05) 
compared to normal values. Saffron induced inhibition 
in MDA levels in tumor groups from a very extremely 
significant change (P ≤ 0.0001) to record only a very 
significant elevation (P ≤ 0.01) when compared to the 
control group. 

Figure 9. Photomicrograph of the liver’s histological structure in 
a mouse bearing solid tumors showing an enlarged and congested 
central vein (CV), infiltration of tumor cells mixed with leucocytes 
(black arrows), and an abundance of Kupffer cells (KC) (red 

arrows). H&E, X400.

Figure 10. Photomicrograph of the histological structure of the 
liver in a mouse bearing solid tumors showing massive fatty 

degeneration (arrows). H&E, X400.

Figure 11. Photomicrograph of histological structure of the liver in 
a mouse treated with saffron showing a normal histological appea-
rance of the liver including the central vein (CV), blood sinusoids 

(BS), hepatic cells (HC) and Kupffer cells (KC). H&E, X400.

The recorded data in Table 4 revealed that the SOD 
and CAT values in mice bearing solid tumor recorded a 
very extremely significant (P ≤ 0.0001) decrease when 
compared to the control group. Mice treated with saffron 
showed a very significant reduction in SOD values and 
nearly normal CAT values (P > 0.05) when compared 
to control values, respectively. On the other hand, the 
recorded values of both SOD and CAT were elevated 
from very extremely significant (P ≤ 0.0001) to a very 
significant change (P ≤ 0.01) in the tumor group treated 
with saffron when compared to the control group.

DNA Fragmentation:

DNA isolated from the tumor, liver and kidney tissues
of mice treated with EAC showed a complete degra-
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Figure 12. Photomicrograph of liver’s histological structure in a 
mouse bearing solid a tumor treated with saffron showing some 
ameliorations in the hepatic structure. Blood sinusoids (BS), 
central vein (CV), hepatic cells (HC), Kupffer cells (KC) and fatty 

degeneration (FD). H&E, X400.

dation into oligonucleotide fragments forming a clear 
laddering pattern of apoptosis when separated by agarose 
gel electrophoresis, as shown in Figure 2. On the other 
hand, DNA patterns of the tumor, liver and kidney 
tissues in mice treated with saffron displayed a normal 
pattern as shown in the control DNA. Genomic DNA 
was highly recovered in the case of EAC bearing mice 
treated with saffron to be close to normal pattern DNA. 

Histological Studies:

Kidney:

The control kidney is composed of two main parts: the 
renal cortex and the medulla which possess normal 
histological features. The renal cortex is enclosed by 
numerous renal corpuscles, each made up of a glomeruli 
and the Bowman’s capsule. There is a characteristically 
normal space between the glomeruli and Bowman’s 
capsule to allow renal filtration. The renal corpuscles 
are surrounded by proximal and distal convoluted 
tubules. The tubules have an inner wide luminal space 
lined externally with cuboidal epithelium. This is repre-
sented in Figure 3.
Mice treated with EAC revealed marked damage to the 
renal tissues, represented in degenerated renal tubules, 
an enlarged and congested renal vein and a glomerulus 
with a very narrow glomerular space. This is shown in 
Figure 4.

Different histopathological effects of EAC cells on 
the renal structure were also observed in Figure 5. 
Glomerular atrophy, the glomerular sub-capsular space 
appeared absent or very narrow, the renal tubules were 
degenerated and interstitial edema was also detected.

Mice which received saffron extract showed that that 
there are no pathological effects on the renal tissue and 
the kidney’s histological structure appeared normal 
and without any harmful effects. The kidney cortex of 
a normal mouse after saffron extract treatment showed 
normal renal tubules (RT) and glomeruli (G) (Figure 6).

In mice bearing solid tumors treated with saffron, there 
was a marked improvement of the histological structure 
of the kidney. This is obviously observed in Figure 7.

Liver:

The control mice showed the normal structure of the 
liver. The liver was formed from polygonal lobules. The 
outlines of the lobules were indistinct. The hepatocytes 
were polyhedral in shape, had vesicular spherical nuclei 
with prominent nucleoli and eosinophilic cytoplasm. 
The hepatocytes were arranged in cords that radiated 
out from the center of each lobule where the central 
vein is situated. Between these hepatic cords were the 
hepatic sinusoids, the hepatic sinusoids are localized 
between the cords and contained a fine arrangement of 
Kupffer cells (Figure 8).

Enormous histopathological alterations were observed 
in the liver of mice bearing solid tumors, an enlarged 
and congested central vein, numerous focal lesions of 
infiltration of tumor cells mixed with leukocytes. Signs 
of tumor metastasis in the liver tissue were also obvious, 
the absence of blood sinusoids and the Kupffer cells 
were more abundant than usual (Figure 9). The fatty 
degeneration of hepatic tissue is noticeable in Figure 10.

Liver sections obtained from mice treated with saffron 
extract are showing a normal liver structure without 
any harmful effects (Figure 11). While the hepatic 
structure of the mice bearing solid tumors and treated 
with saffron extracts revealed some improvements, the 
fatty degeneration and congested and enlarged central 
vein were as still found (Figure 12).
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4. Discussion:

The present investigation was carried out to evaluate 
the antitumor activity and antioxidant status of saffron 
extract in EAC tumor bearing mice. Ascites fluid is 
the direct nutritional source of tumor cells. A rapid 
increase in the ascites fluid with tumor growth would 
be a means to meet the nutritional requirements of 
tumor cells (Rajeshwar et al., 2005).[26] This hypothesis 
was evident in the present study since the inoculation 
of EAC cells into the mice caused a significant increase 
in the tumor volume as found in Table 1. The treatment 
with saffron extract significantly decreased tumor 
growth as mentioned in Table 1, in agreement with 
Vijaya, (2011).[27]

Synthetic anticancer drugs cause the nonspecific killing 
of cells, whereas natural products offer protective 
and therapeutic actions to all cells with low toxicity 
(Reddy et al., 2003).[28] Thus, saffron was chosen as an 
anticancer natural product in this study.

The anti-tumor activity of saffron extract on EAC in 
vitro leads to a powerful cytotoxic effect, in conco-
mitance with Amnish who reported that the oral 
administration (200mg/kg body wt.) of saffron extract 
leads to potential cytotoxic effects on EAC in vitro.

EAC inoculation in mice significantly increased the 
levels of serum aspartate transaminase (AST) and 
serum alanine transaminase (ALT). The results of the 
present study revealed that EAC induced hepatotoxicity 
in treated mice. These hepatotoxic effects are charac-
terized by many histopathological alterations and 
elevation of ALT and AST serum levels. The same 
finding was approved by Abou Zaid et al., (2011).[29] The 

recorded increase in plasma ALT and AST activities 
in tumor bearing mice of the present study might be 
due to the generalized destruction of liver cells and the 
release of AST into the plasma after tumor induction. 
The liver sections of the EAC-inoculated animals 
showed an enlarged and congested central vein, 
enlarged blood sinusoids, leucocytic infiltration and 
cytoplasmic vacuolar degeneration. This finding was 
in agreement with Bhattacharyya et al. (2007)[30] and 
Chakraborty et al. (2007).[31] Saffron extract showed a 
significant effect on hepatic injury induced by CCl4, 
caused the reduction in ALT and AST hepatic enzymes 
and ameliorated the histological disorders inducted in 
the liver. This finding confirmed the result of this study 
correlated with the role of saffron in decreasing the 
hepatotoxic effects of EAC tumor cells.

Serum urea and creatinine level elevation in clinical 
experiments means renal dysfunction, so the measured 
serum urea and creatinine levels determine the 
amount of kidney damage. A very highly significant 
increase in tumor-bearing female mice in serum urea 
concentration was confirmed by the results observed 
by Abou Zaid et al., (2011)[29] and Hussein and Azab 
(1997)[32] who found a highly significant increase in the 
plasma urea concentration in tumor-bearing mice. Such 
increase in blood urea concentration was attributed 
to the tumor’s catabolic effect and the increase in 
urea production. A very significant increase in serum 
creatinine concentration in tumor bearing mice was 
also reported, and this finding is in concomitance with 
those reported by Hussein (2003).[33] Results showed 

[26] Rajeshwar, Y., Gupta, M. and U.K. Mazumder. 2005. Antitumor activity 
and in vivo antioxidant status of Mucuna pruriens. Fabaceae. seeds 
against Ehrlich ascites carcinoma in Swiss albino mice. Iranian J 
Pharmaco. Ther; 4 46-53.

[27] Vijaya, B. K. 2011. Medicinal uses and pharmacological properties of 
crocus sativus linn (saffron). Int J Pharm Pharm Sci, 3. 3. 21-26.

[28] Reddy L., Odhav, B., and K.D. Bhoola. 2003. Natural products for 
cancer prevention a global perspective. Pharmacol Ther.; 99. 1. 1-13.

[29] Abou Zaid, A.R.O, Hassanein, M.R.R., El-Senosi, Y.A.M and F. El-
Shiekha. 2011. Ameliorative effect of curcumin and tannic acid on tumor-
induced in female mice. Benha Veterinary Medical Journal, 1 61-69.

[30] Bhattacharyya, A. Mandal, D., Lahiry, L., Bhattacharyya, S., Chatto-
padhyay, S., Ghosh, U.K., Sa, G. and T. Das. 2007. Black tea-induced 
amelioration of hepatic oxidative stress through antioxidative activity 
in EAC-bearing mice. Journal of Environmental Pathology Toxicology 
& Oncology 26. 4. 245-254.

[31] Chakraborty, T., Bhuniya, D., Chatterjee, M., Rahaman, M., Singha, D., 
Chatterjee, B.N., Datta, S., Rana, A., Samanta, K., Srivastawa, S., Maitra, S. 
K. and M. Chatterjee. 2007. Acanthus ilicifolius plant extract prevents 
DNA alteration in a transplantable Ehrlich ascites carcinoma- bearing 
murine model. World Journal of Gastroenterology 13. 48. 6538-6548.

[32] Hussein, S.A. and M.E. Azab. 1997. Effect of insulin treatment on 
some metabolic changes on experimentally induced tumor in female 
mice. The Egyptian J. Biochemistry 15 61- 80. 

[33] Hussein, S.A. 2003. Clinical biochemistry interpretation and applications. 
First Edition. Textbook. 
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that saffron extract administration leads to nearly 
normal renal structure and normal hepatic structure as 
found in control kidney and liver. This finding agrees 
with Bahmani et al. (2014)[34] who reported that the 
histopathological examination of the kidney and liver 
tissue sections of new born mice in the experimental 
group, of which the mothers received different doses 
of saffron, did not show any structural and pathological 
changes. 

Saffron also exhibits anti-cancer effects in other 
types of animal cancer, which may be attributed to 
its antioxidant and pro-apoptotic actions on cancer 
cells. Oral administration of saffron is more effective, 
which may be attributed to its B-carotene precursor 
properties. Saffron also induces antioxidant enzymes 
and reduces the toxic effects of cancer drugs. Saffron 
and its constituents have cancer preventive effects and 
selective toxicity against cancer cells without having 
any toxic effects on normal cells.

Serum superoxide dismutase (SOD) and serum catalase 
(CAT) showed a very significant decrease in the 
Ehrlich group (Abd El-Aziz et al., 2014).[35] It was 
also mentioned that serum malondialdehyde (MDA) 
showed a significant increase in the Ehrlich group. This 
finding is in concomitance with our results. 

MDA is an important oxidative metabolite of polyun-
saturated fatty acids consisting of biomembrane. MDA is 
often seen as an indicator of the oxidation status in cells 
or tissues. Thus, a high level of MDA is detrimental to 
cells and tissues and leads to a loss of their normal bio-
function (Cheng et al., 2011).[36] It was reported in this 
study that saffron extract has the ability to modulate 
the activities of antioxidant enzymes by increasing 

the levels of superoxide dismutase and catalase and 
reducing the level of malondialdhyde. This finding was 
confirmed by Hossein and Hamid (2005).[37]

The mice subcutaneously inoculated with Ehrlich 
ascites cells showed a marked DNA fragmentation. 
The ethanolic extract of Crocus sativus (Saffron) had 
an inhibitory effect on DNA and RNA synthesis in 
isolated nuclei and suppressed the activity of purified 
RNA polymerase II. It was also reported that saffron 
extract reduced the growth rate of cancer cells by 
inhibiting nucleic acid synthesis and enhancing the 
anti-oxidative system, inducing apoptosis (Gutheil et 
al., 2011).[38] These findings were in accordance with 
the results of this work.

Conclusion:

Ehrlich ascites carcinoma (EAC) has extremely harmful 
effects on all parameters investigated in this study. EAC 
significantly increased in the tumor volume the levels 
of liver function enzymes (ALT and AST), kidney 
function enzymes (urea & creatinine) and the oxidant 
enzyme Malondialdhyde (MAD). On the other hand, 
EAC considerably reduced the levels of antioxidant 
enzymes, superoxide dismutase (SOD) and catalase 
(CAT), and caused detrimental histopathological effects 
to the liver and kidneys. Finally, EAC induced DNA 
fragmentation. Saffron extract in mice-bearing solid 
tumors significantly modulated the levels of ALT, AST, 
urea, creatinine, MDA, SOD and CAT to be close to 
normal values. Saffron extract also induced recovery 
in the histological structures of both liver and kidney. 
It also restored the normal pattern of DNA. Saffron 
extract had no negative effects on the control group 
mice.
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