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1. Introduction

Water begins to miss in several regions on the globe.
Certain think that tomorrow's war will be on the
possession of water resources. However, the waters of
seas and oceans constitute 80% of waters that present on
our earth. These waters without treatment cannot be used
by the man neither to drink nor for agriculture because
of their salinity. Therefore, we must resort to the saline
water desalination to produce pure water either to drink
or for the irrigation. But the conventional desalination
technique has a high energy requirement, which makes
the process expensive from the economic standpoint.
Besides, the excessive consumption of fossil energies for
electricity and gas causes the pollution of the environment
because of the emission in the atmosphere of gases that
are at the origin of the greenhouse effect. The solar
energy is not polluting, present permanently and rene-
wable and it can be converted in electricity or in heat with
a plane collectors, which makes of it a good alternative.
The desalination by solar distillation is a technique
permitting the production of water distilled from the
briny waters using devices which work with the solar
energy. In order to improve the output of these solar

systems, several studies so much theoretical than expe-
rimental have been realized and gave birth to different
prototypes.

In this work, we have studied the influence of the
double glazing on the thermal performances and the daily
production of water distilled for the single sloped solar
still coupled to a condenser.

2. Description and principle of working of

the prototype

Our prototype is constituted of a single sloped solar
distiller and a condenser. The solar still can be imagined
like a basin with double side. The interior side is made
from a galvanized sheet metal while the exterior side is
constructed from a black sheet metal. The bottom of the
basin is blackened and it acts as the absorption plate and
on which a layer of brackish water spreads. Over, this
basin is closed by two parallel and tilted transparent
covers with an angle of nearly 10°. This light slope aims
to permit the streaming of water droplets on the inner
glass cover. The condenser is a second compartment
constructed in the same way as the distiller, except that
its glazed roofing is inclined roughly 30°. The condenser

Abstract

T
he solar distillation is

seen as a promising

technique which gives an

effective solution for di-

sinherited regions where

there is penury of drinking

water. The solar still is an

apparatus which produces

a pure water from a briny

water and it works with a

solar energy. Several pro-

totypes have been concei-

ved in order to ameliorate

their efficiency. In this

paper, we have investigated

the effect of a double cover

on the thermal behaviour

and on the daily production

of a solar still coupled with

a condenser.

Keywords: Briny water,

Condenser, Pure water,

Solar energy, Still.

Effect of Double Glazing on

the Thermal Performances of

a Solar Still Coupled to a

Condenser

BENHAMMOU Mohammed1,

DRAOUI Belkacem2

(1)Unité de Recherche en Energies Renouvelables
en Milieu Saharien, B.P. 478, Route de Reggane-

Adrar, Algérie, Tel: 213 049 96 51 68
(2)Laboratoire d'Energétique en Zones Arides,

Université de Béchar, Algérie
(1)E-mail: benhamou71@yahoo.fr

V o l u m e  9  -  N u m b e r  1 5  -  M a y  2 0 1 3  ( 2 - 8 )

ISESCO JOURNAL of Science and Technology



and the distiller communicate through an opening. The
thermal insulation of the system is assured by blades of
the wool of glass of 5cm of thickness, held in sandwich
between the interior and outside walls.

The working principle of the prototype is described
as follows: First, the solar radiation penetrates in the still
through the double glazing and it arrives on the plate of
absorption where it will be absorbed and converted in
heat, provoking the elevation of its temperature. Then,
the plate of absorption gives up a part of its heat to the
blade of water by convection. The blade of water then
warms up which causes its evaporation. Due to the
difference of pressure between the two cavities, some
quantity of the water steam thus formed will diffuse in
the condenser. Finally, the quantity of steam condensed
in the condenser is added to the quantity of steam
condensed in the distiller which increases the global
production of the system.

3. Simplifying assumptions

This study is done under the following assumptions:

- Every element of the distiller is supposed to have
an uniform temperature and is represented solely
by only one node.

- The brackish water layer is thin so that the gradient
of temperature according to the vertical direction is
negligible.

- The yield of evaporation of the brackish water is
ordered solely by the difference of saturation pres-
sure between the water and the glass cover.

- The enclosed air in the still is saturated so that the
quantity of water evaporated is equal to the quantity
of steam condensed.

- The quantity of steam that diffuses in the condenser
is equal to the quantity of water condensed on its
roofing.

- Radiative exchanges between and with the internal
walls are omitted.

- The effect of the shade remains as weak and can be
disregarded.

- The quantity of the solar radiance that would be
absorbed by the glass cover is not taken in consi-
deration, nor is the one that would be absorbed by
droplets of water formed on it.

4. Thermal balance of the system

The balance of energy on the plate of absorption is
given by the following relation:

For the blade of brackish water, the balance is written
as follows:

With (e.g. [7]):

S being the area of the opening by which communicate
the still and the condenser. Cv is the mass concentration
of the water steam.

The mass diffusivity D is evaluated from the following
semi-empiric relation (e.g. [4]):

Ma , Mv, Va and Vv are respectively the molar mass
of air and the steam of water and the molecular volume
of air and steam.

At the outer glass cover:

At the roofing of the condenser:

md and hb represent respectively the yield of evapo-
ration and the coefficient of global thermal losses of the
basin to the ambiance.
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Figure 1. Representative Diagram of the solar

distiller coupled to a condenser.
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At the inner glass cover:

We designate by mdco the mass yield of the water steam
that diffuse in the condenser, which can be deducted by
the following equation:

The coefficient of exchange by convection between
the outer glass cover and the ambience is given by the
relation of Hottel and Woertz (e.g. [2]):

The radiative heat exchange coefficient can be calcu-
lated by this relation:

With:

The pressure of saturation of the water steam and the
latent heat of evaporation are evaluated by the following
relations (e.g. [5], [20]):

The convective heat coefficient between the plate of
absorption and the salt water as well as between the two
glass covers of the still is determinated by the following
equations: (e.g. [9]):

Where:

The factors C and n are defined according to whether
the regime is laminar or turbulent:

Ra is the dimensionless number of Rayleigh, λ and l
are respectively the thermal conduction coefficient and

the characteristic length. The temperature of the sky can
be estimated as function of the ambient temperature by
several relations of which (e.g. [2]):

The overall heat loss coefficient of the basin from
the bottom is calculated as follows:

5. Results and discussion

This study is done on the site of Adrar. This town is
situated at the southwest of Algeria and is characterized
by an altitude of 264 m over the sea level, latitude of
27.53° N and a longitude of 0.17° W. The reflectance of
soil is equal to 35%. Besides, the length maximum of the
day correspondent to the solstice of summer is 13H46mn
whereas the length minimum of the day correspondent
to the solstice of winter is 10H14mn (e.g. [3]). The region
of Adrar has a good solar layer which gives it a particular
importance for the promotion and the development of
solar energy. It is to add that this region is aired more and
the wind speed average is equal to 5.9 m/s (e.g. [6], [13]).

On the Figures 2 and 3, we can show the evolution
according to the time of the solar radiation received by
a horizontal plane and the ambient temperature. These
data are measured with the help of an acquirement data
FLUKE 2625A on a period going from March 20th to
March 23th, 2010. The step of registration of data is
chosen equal to 15 mn.
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In order to solve the system of differential equations
of the heat balance, we have used the method of implicit
finite differences that doesn't make any condition on the
step of the time to converge. The matrix system resulting
is then solved by the algorithm of Gauss-Seidel. The
blade of brackish water used in the still has a thickness
of 2 cm and it is maintained constant during this study.

To show the influence of the double glazing on the
thermal behaviour of the still, we have presented in
Figures 4 and 5 the variation according to the time of
temperatures of different elements of the system for the
case of the simple glazing as well as for the case of the
double glazing. We note that in the case of the double
glazing, we observe that the temperatures for all elements
of the distiller (Figures 6, 7, and 8) increase, particularly
for the salt water. The gap between the average tempe-
ratures can reach ten degrees (10°C). In fact, the double
glazing decreases considerably the losses from the top
of the still at the same time as it intensifies the green-
house effect so that the temperature of the salt water
increases. We have summarized these results in the
Table 1.
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Figure 3. Variation of the ambient air temperature.

Figure 4. Evolution of the thermal

behaviour of the system in the case

of the simple glazing.

Figure 5. Variation according to the time of tempera-

tures of the system in the case of the double glazing.

Figure 6. Comparison between temperatures

of the salt water for the two configurations.

Figure 7. Comparison between the temperature of the glass cover

of the still in the case of the simple glazing and the one of the

inner glass cover in the case of the double glazing.

Figure 8. Comparison between temperatures

of the condenser for the two constructions.



Nevertheless, the yield of condensation on the glass
cover of the still is more important in the case of the
simple glazing than in the case of the double glazing
(Figures 9 and 10). In the case of the simple glazing, the
gap of pressures between the salt water and the glass
cover is important as well as the gap of temperature. On
the other hand, we find that the production of the
condenser increases in the case of the double glazing
(Figure 11). These results can be shown on Table 2. It
is important to underline that the condenser performs
well in the case of the double glazing. The reason is that
in the construction with double glazing, the temperature
of the inner glass is raised and therefore the rhythm of
condensation is slow which makes that an important
quantity of water steam can diffuse in the condenser.
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TABLE 1. Influence of the double glazing on the thermal

behaviour of the prototype. 

Average
temperature
of the salt

water

Average
temperature
of the glass

cover

Average
temperature

of the
condenser

Average
temperature
of the salt

water

Average
temperature
of the inner

glass

Average
temperature

of the
condenser

Construction
with single

glazing

Construction
with double

glazing

Average

temperatures

of system

in (°C) 494.809

26.94

19.96

18.54

32.68

27.10

19.71

18.91

32.01

22.67

20.01

41.25

34.50

23.57

18.23

494.809

33.38

26.81

25.20

39.88

34.76

27.40

24.71

494.809

Hourly average solar radiation Gh

(wh/m2)

Average ambient
Temperature Ta

TABLE 2. Influence of the double glazing on the production

of the prototype.

Still

Condenser

Total

Still

Condenser

Total

Construction
with single

glazing

Construction
with double

glazing

Production

of distilled

water (liters) 494.809

0.944

0.404

1.348

0.627

0.763

1.390

2.361

0.851

3.213

1.613

1.784

3.397

949.158

1.661

0.656

2.317

1.067

1.291

2.358

267.180

Hourly average solar radiation Gh

(wh/m2)

Figure 9. Variation of the global

condensation yield for the two

configurations.

Figure 10. Variation of the conden-

sation yield produced on the inner

glass cover of the distiller for the

two configurations.

Figure 11. Variation of the conden-

sation yield produced in the condenser

for the two cases.
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Conclusion

In order to study the influence of the double glazing on the thermal behaviour and the daily production of a single
sloped solar still coupled to a condenser, we have simulated it under the meteorological conditions of the Adrar site.
This study has permitted us to conclude that:

● Without mechanical ventilation, the effect of the condenser on the daily production is important in a construction
with double glazing, but it is weak enough in a construction with simple glazing. In this last case, we recommend
to use a system of ventilation to drag steam in the condenser.

● In the construction with double glazing, the temperature of different constituents of the distiller increases
appreciably.  

● In the evaporator, the double glazing reduces the gradient of temperature between the evaporative surface of
salt water and the glass cover of condensation which causes its production to decrease.
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A :
C  :
Cp :
D  :
e  :
Gh :
hc  :
hr  :
hb :
hw  :
L :
l  :
M  :
md  :
Nu  :
P :
Ra  :
S  :
V :
ε :
λ :
α :
τ :
ρ :

Subscripts

a :
co  :
f  :
g :
gi :
go :

Nomenclature

Area (m2).
Mass concentration (kg/m3)
Thermal capacity (J/kg °C).
Mass Diffusivity (m2/s)
Thickness (m).
Horizontal solar radiation (w/m2).
Coefficient of heat exchange by convection (w/m2).
Coefficient of heat exchange by radiation (w/m2).
Coefficient of heat loss behind the plate of absorption (w/m2).
Coefficient of heat exchange by convection due to the wind (w/m2).
Latent heat of evaporation (w/m2).
Characteristic length (m).
Mass (kg).
Yield of evaporation (kg/s m2).
Nusselt number.
Pressure of saturation of the water steam  (Pas).
Rayleigh number.
Area of the opening. 
Wind speed (m/s).
Emissivity
Coefficient of heat conduction (w/m °C).
Coefficient of absorption of the plate
Transmissivity of glass
Density (kg/m3)

ambiance, air
condenser
fluid (salt water)
glass
inner glass
outer glass.



1. Introduction

Photovoltaic energy is a sort of solar energy that is
available in almost all parts of the world and has the
least maintenance since it attracts researchers toward this
kind of clean and renewable energy. Despite abundant
advantages, PV module has low energy conversion effi-
ciency [1]. To overcome the problem, maximum power
point tracking technique is necessary [2, 3].

The sunlight intensity is time variant and sometimes
changes rapidly in a day, because of this, the optimum
operation point of PV module moves from one curve to
another. So the maximum power point tracker must track
the maximum point as rapidly as possible in order to
alleviate the oscillation of output power of PV module [4].
Among the proposed methods, intelligent control is
surrogated the conventional algorithms like P&O, INC
and so on [5-7]. Fuzzy logic control is an intelligent
method which has simplicity and effectiveness in linear
and nonlinear systems. Also this control has high impli-
cation in maximum power point tracking in photovoltaic
systems [8]. For example the ref. [9] corroborated that

the FLC reach to maximum power point eight times
better than conventional P&O algorithm.

In this paper intelligent control method using new
fuzzy logic controller optimized by genetic algorithm is
proposed to obtain better performance of energy con-
version. The simulation results of optimized FLC com-
pared with new and traditional FLC under variable
weather conditions.

2. PV cell model and characteristics

2.1. Equivalent model of PV cell

Accurate mathematical model is necessary to represent
the electric characteristics of PV module [10]. The con-
ventional equivalent circuit of solar cell is expressed by
one or two diode whereas representing by a photocurrent
source, parallel diode, shunt resistance (Rsh) and series
resistance (Rs) as seen in Figure 1. The current source
(Iph) models the sunlight energy conversion, the shunt
resistance represents the consequence of leaks, the series
resistant represents the various resistances of connections
and the diodes model the PN junctions [11].
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The photocurrent generated by the PV module is
given by equations 1 and 2:

Where V and I is the PV module voltage and current;
q is the electronic charge; Is1,2 is saturation current of
diodes; A1,2 is ideality factor of PV junctions; K is
Boltzmann's constant and T the cell temperature.  

2.2. Electric characteristics of PV cell

The output power of PV module is dependent on two
parameters, sunlight intensity and PV cell temperature.
Solar irradiance has direct relation and temperature has
reverse relation with output power of PV module. It
means increasing the sunlight intensity; the output power
rises up. Increasing the temperature; the power comes
down. Figure 2 and Figure 3 show the output charac-
teristics of PV module under variable sunlight intensity
and different temperatures.

3. MPPT Technique

Figure 4 shows nonlinear characteristic of PV module,
load characteristic, and the maximum power point. As it
seems there is just an optimum operation point in PV
module curve. If the electrical load connects to the PV
module directly and resistance is equal to division of
voltage into current of the module, then it is possible to
obtain maxim power [13]. But if the load resistance is
not equal, reaching to maximum power is impossible.
However under variable weather conditions, the MPP
moves from one curve to another so the resistance of
electrical load must change to obtain maximum power
and this is not executive. Therefore in constant load
situation an intermediate part is required. This part is
maximum power point tracker. Maximum power point
tracker is a DC/DC converter which is associated with
control unit. It is usually embedded between PV module
and the load [14] as seen in Figure 5.

There are several MPPT techniques as hill-climbing,
P&O, Incremental Conductance. These are conventional
methods and have some drawbacks such as [15]: 

● Converging to maximum operation point is slow.
● Oscillation of PV power amplitude around MPP is

considerable that cause power losses.
● When the irradiance changes quickly, the system

response is slow and moves away from MPP.

To conquer these drawbacks, modern MPPT techniques
such as Fuzzy Logic Controller, neural network and
intelligent method are proposed [16, 17].
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Figure 1. Equivalent circuit of PV cell [12]

(1)

(2)

Figure 2. I-V and PV characteristics of a PV module for different

temperature

Figure 3. I-V and PV characteristics of a PV module for varied

sunlight intensity



4. Fuzzy Logic Controller

Fuzzy logic controller properly performs in nonlinear
systems. It is on the basis of designer knowledge rather
than accurate mathematical model [1]. FLC consists of
four categories as fuzzification, inference engine, rule
base and defuzzification. In the first section, numerical
input variable are converted into fuzzy variable known
as linguistic variable [1]. Inference engine defines
controller output in order to fuzzified input, rule base
and fuzzy inference methods. Rule base section consists
of “if A and B and C then D” forms. Finally output
linguistic terms are converted to numerical variable in
defuzzification section. Figure 6 shows the fuzzy infe-
rence system.

Conventional fuzzy maximum power point tracker
consists of two inputs and on output. But as shown in
Figure 7 Vpv is added to input in proposed method to
enhance the accuracy of tracking the optimal point.
Equations (3-5) express the inputs of FLC; E, CE and
Vpv. The defuzzification uses center of gravity to compute
the output of FLC (∆D) as equation (6).

Figure 8 shows fuzzy membership functions for E,
CE, Vpv and ∆D. The terms N,Z,P,L and G respectively
mean negative, zero, positive, little and great. The output
membership functions are nominated as mf1 to mf9. The
extent of membership functions parameter are {-10, 10},
{-10, 10}, {30, 40} for inputs and {-1, 1} for the output.
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Figure 4. Photovoltaic module and load characteristics

Figure 5. Stand-alone photovoltaic system [12]

(3)

(4)

(5)

(6)

Figure 6. Fuzzy inference system [18]

(7-a) [19]

(7-b)

Figure 7. Configuration of MPPT algorithm with Fuzzy Logic

Controller, a) conventional method, b) proposed method

(8-a)



The fuzzy inference is carried out by mamdani's
method. The control rules are indicated in Table 1.

5. Optimization of Fuzzy Logic Controller

by Genetic Algorithm

Genetic algorithms search the best access to solve
the problem in order to natural selection and genetics
theory. This algorithm produces some random responses
and coding each one as a chromosome. The fitness of
each chromosome is defined by evaluation of fitness
function. Each chromosome has higher value of fitness
is preserved and other is eliminated. Frequently two
chromosomes that have a higher value are selected as
parents. These parents exchange their genes and generate
new population. Pairs of chromosomes in the new popu-
lation are chosen randomly for exchange of genetic
material, this is called crossover. After producing two
new chromosomes which replaces its parents, in mutation
operator randomly chosen bits in the offspring are
flipped [20].  Here if the terminating state is satisfied
then the algorithm stops otherwise back to second stage
and repeats the further stage. The genetic algorithm
structure is shown in Figure 9.

In our work the purpose is to find the optimum
membership function parameters due to generate optimal
duty cycle. So determining the fitness function of the GA
is the most important part. For each individual chromo-
some the fitness value should be determined in the
population. To alleviate the output power of PV module
the fitness function is described in equations (7-8):
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(8-b)

(8-c)

(8-d)

Figure 8. Membership functions, a) first input, b) second input,

c) third input, d) output

TABLE 1. Fuzzy rules

N
N
Z
Z
P
P
N
N
Z
P
P
P
N
N
Z
Z
P
P

N
N
N
N
N
N
Z
Z
Z
Z
Z
Z
P
P
P
P
P
P

input2

Mf4
Mf1
Mf3
Mf1
Mf5
Mf4
Mf4
Mf2
Mf5
Mf8
Mf6
Mf4
Mf7
Mf5
Mf7
Mf6
Mf9
Mf7

inputinput1

Z
G
Z
G
Z
G
Z
G
Z
L
Z
G
L
Z
L
Z
L
Z

input3

Figure 9. Genetic algorithm structure [21]

(7)

(8)



P (t) ref is the output power of PV module under STC
(Standard Test Condition), 1000 w/m2 irradiance and
temperature 25°C. Table 2 summarized the parameters
used in GA.

The population consists of a set of individuals. Each
individual is composed of four chromosomes: E(t),
CE(t), V(t), ∆D as described in Table 3. The parameters
(C1-C18) indicate the genes in genetic algorithm. The
optimized membership functions are shown in Figure 10.

6. Simulation and results

Photovoltaic system consists of PV module, MPPT
controller, DC/DC converter with resistive load and
pulse width modulator. “BP SX150” photovoltaic panel
and MATLAB software is used for simulation. Table 4

provides the following information on BP SX150S PV
module [22]. DC/DC converter parameter's value is
shown in Table 5.
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TABLE 2. Options of genetic algorithm

Population size

generation

Selection method

Fitness scaling

Rate of crossover

Mutation method

Parameter

40

120

Roulette wheel

Top

0.8

Gaussian

Value

TABLE 3. Chromosomes of membership function

Chromosome 1

C1 C2 C3

Chromosome 2

C4 C5 C6

Chromosome 3

C7 C8 C9

Chromosome 4

C10 C11 C12 C13 C14 C15 C16 C17 C18

(10-c)

(10-d)

Figure 10. Optimized membership functions, a) first input,

b) second input, c) third input, d) output

(10-a)

(10-b)

TABLE 4. BP SX 150S data sheet [22]

Maximum power (Pmax)

Voltage at Pmax (Vmp)

Current at Pmax (Imp)

Short-circuit current (Isc)

Open-circuit voltage (Voc)

Temperature coefficient of Isc

Temperature coefficient of Voc

Temperature coefficient of power

NOCT

Model

150W

34.5V

4.35A

4.75A

43.5V

(0.065±0.015)%/°C

-(160±20)mV/°C

-(0.5±0.05)%/°C

47±2°C

BP SX 150S

TABLE 5. DC/DC converter configuration

L

Cin

Cout

Switching frequency

168 µH

15 µF

500 µF

25 kHz



The simulation is run under standard test condition.
As seen in Figure 11, the proposed fuzzy logic controller
performance is better than the conventional FLC. Also,
the optimized proposed FLC reduce the oscillations of
photovoltaic module output power.

Figure 12 shows the performance of controllers under
500 W/m2 irradiance with 25°C temperature and Figure 13

expresses controllers operation under 1000 W/m2 irra-
diance with 50°C temperature. It is obvious that output
power of PV module oscillations decreased by proposed
controller and grew better by optimized FLC.

Also, the pick-to-pick oscillation of output power of
PV module is compared in Table 6 with different weather
conditions and different MPPT controllers.
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(11-a)

(11-b)

(11-c)

Figure 11. Output power of PV module under 1000 W/m2 irra-

diance and 25°C temperature, a) conventional fuzzy controller,

b) proposed controller, c) optimized proposed controller

(12-a)

(12-b)

(12-c)

Figure 12. Output power of PV module under 500 W/m2 irra-

diance and 25°C temperature, a) conventional fuzzy controller,

b) proposed controller, c) optimized proposed controller

TABLE 6. Pick-to-pick oscillation of PV output power (watt)

0.16

0.07

0.18

T = 25 °C
G = 1 kW/m2

T = 25 °C
G = 0.5 kW/m2

T = 50 °C
G = 1 kW/m2

conventional

FLC

0.03

0.03

0.09

opt proposed

FLC

Controller

Conditions

0.1

0.05

0.18

proposed

FLC



Also, performance of optimized fuzzy logic controller
is studied under variable solar irradiance and temperature
simultaneously. It is considered that the solar irradiance
changes from 1000 w/m2 to 600 w/m2 and 600 w/m2 to
1000 w/m2 in t=0.1 sec to t= 0.4 sec and t=0.5 sec to
t=0.7 sec. Also, temperature changes from 25°C to 20°C
and 18°C in t=0.1, t=0.4 and t=0.7. The PV output power,
voltage and current variation under unstable condition is
shown in Figure 14.
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(13-a)

(13-b)

(13-c)

Figure 13. Output power of PV module under 1000 W/m2 irra-

diance and 50°C temperature, a) conventional fuzzy controller,

b) proposed controller, c) optimized proposed controller

(14-a)

(14-b)

(14-c)

(14-d)

Figure 14. Proposed mppt controller, a) solar irradiance variation,

b) temperature variation, c) PV power, d) voltage and current of

PV module
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Conclusion

Maximum power point tracker has a significant rule in PV systems because of low efficiency of PV modules,
crisis of energy and incremental cost of fossil fuel.  In this paper an intelligent maximum power point tracking tech-
nique for photovoltaic system is proposed to obtain the maximum available power. At first the performance of
conventional fuzzy logic controllers is compared with proposed method. Then the parameters of membership functions
of new mppt fuzzy logic controller are optimized by Genetic Algorithm. Simulation results indicate that the proposed
method reduces the fluctuations near the optimal power point in comparison with conventional fuzzy logic controller.
Also, the optimized proposed controller operates better than proposed controller which is not optimized.   
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Abstract

I
n regions where biomass

is a traditional fuel for

cooking, improved cook-

stoves can enhance indoor

air quality, personal health,

livelihoods, and the envi-

ronment-while substan-

tially reducing greenhouse

gas (GHG) emissions.

Although ongoing efforts

have successfully dissemi-

nated improved stoves that

achieve many of these benefits, substantially greater

emissions reductions are needed to comply with inter-

national guidelines for indoor air quality and to limit

GHG emissions like black carbon.

Today, an estimated 2.5 billion people, or about one-

third of the world's population, rely on biomass fuel for

cooking. According to the World Health Organization

(WHO), exposure to smoke from these open fires and

cook-stoves leads to pneumonia, chronic respiratory di-

sease, and lung cancer-causing an estimated 1.6 million

deaths each year. In the developing world, the disease

burden from indoor smoke is comparable to the burdens

from malaria, tuberculosis,

or HIV/AIDS. Improved

cook-stoves with reduced

emissions and greater fuel

efficiency can achieve the

following:

- Reduce disease and save

lives by decreasing expo-

sure to indoor air pollu-

tion (IAP).

- Reduce the risk of vio-

lence against women and

children gathering fuel in

conflict areas.

- Reduce the time and cost of procuring fuel, thereby

freeing individuals for other productive activities.

- Empower women and communities via engagement in

the production, use, and distribution of cook stoves.

- Mitigate climate change by reducing greenhouse gas

(GHG) emissions, including black carbon (BC).

- Reduce pressure on forests and other vegetation and

facilitate sustainable harvesting of biomass fuels.

Keywords: Air pollution, Biomass Briquettes, Greenhouse

Gas Emission, Improved Cook stoves.
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1. Introduction

Significant progress has been achieved in designing
and disseminating cook-stoves with reduced emissions
and increased efficiency.  However, further reductions
in emissions are required to meet WHO guidelines for
indoor air quality (IAQ) and achieve significant health
benefits. While chimneys improve indoor air quality and
health, they do not address climate change. A focused
effort, including technical research, product innovation,
design, development, laboratory and field testing and
implementation, is needed to deliver the health and

climate benefits associated with reducing emissions by
at least 90% and fuel use by at least 50%. Effort will be
needed to address numerous challenges and tradeoffs,
such as improved efficiency versus reduced emissions,
affordability and usability of advanced technology. Re-
search developments should provide clear guidance for
stove design and dissemination. All stages of research
and product design should be integrated with field vali-
dation of stove performance and user acceptance.

No single cook-stove solution can meet the broad
range of conditions and needs. Cook-stoves are needed
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for a wide variety of cooking practices, cuisines, fuel
types, markets, and cultures. At times, these stoves are
used for additional functions, such as repelling insects or
providing space heating. An improved stove often does
not completely replace traditional stoves and fires, as
many households will continue to use multiple cooking
devices for a variety of purposes. Beyond improved
emissions and efficiency, stoves need to be durable, affor-
dable, and safe. While each stove typically represents a
compromise to address a particular combination of
factors, stoves should be robust and operate efficiently
under a range of conditions. Multiple cook-stoves are
also needed to provide affordability or accessibility for
diverse household income levels (including the lowest)-
whether through market-based systems, social programs,
or financing mechanisms.

Research and development on combustion, heat
transfer, and materials can lead to long-term progress in
cook-stove emissions, fuel efficiency, and affordability.
At the same time, efforts to develop, test, improve, and
disseminate existing prototypes can deliver more imme-
diate benefits.

2. Methodology

The main processes in biomass cook-stoves are the
combustion of the biomass and the transfer of heat to the
cooking vessel or surface. Harmful emissions are formed
from incomplete combustion. The efficiencies of both the
combustion and heat transfer determine fuel efficiency
and cooking times, which, in turn, affect the duration of
human exposure to emissions.

There is often a trade-off between cleaner combustion
and heat transfer. For example, placing the cooking vessel
closer to the fire to increase heat transfer can cause
volatiles leaving the fire bed to cool quickly, disrupting
combustion and increasing emissions. Thus, combustion
and heat transfer are coupled processes and should be
considered together in research and modeling. In the initial
phases of research, however, separate consideration of
these processes can be useful.

Combustion and heat transfer research efforts linking
fundamental physics with computational and laboratory
work have been successful in many commercial areas,
including methane combustion and coal plants. Research
for biomass cook-stoves can build on developments in
these areas. Remaining challenges include better under-

standing and modeling of (1) wood combustion and pyro-
lysis; (2) tar, char, and emissions formation; and( 3) heat
transfer at the scale of a cook-stove. Additional factors
affect the efficiency of combustion and heat transfer and
the formation of emissions, including combustion
chamber density and geometry, mixing, and the air-to-fuel
ratio. Improved understanding of these factors is needed,
especially their impacts across multiple spatial scales and
on indoor air pollution and personal exposure levels.

Computational Fluid Dynamic (CFD) and physics-
based modeling can provide qualitative and quantitative
insights. Empirical tests and data are needed to validate
and improve these models and to apply the model results.
Detailed models of combustion and heat transfer should
be balanced with simple yet comprehensive models that
can be integrated into a user-friendly design tool for
stove designers and manufacturers.

Cook-stoves require a variety of materials for the
combustion chamber, insulation and envelope, accessories,
thermoelectric generators (TEGs), heat conducting
probes, and heat sinks. These materials need to endure
relatively high temperatures, large thermal gradients,
thermal cycling, aggressive chemical environments, and
physical stress from cooking or other impacts. Materials
considerations also include durability, functionality,
safety, cost, availability, and ease of manufacture, which
can conflict with each other. For the development and
selection of materials, additional considerations include
the composition and emissions profiles of the biomass
fuels; the combustion or gasification process; the presence
of water vapor, alkalis, tars, and other aggressive chemical
species; and the temperature profile. This paper have
identified combustion chamber degradation as a critical
limiting factor in the life expectancy of cook-stoves.
The broad range of cooking preferences and available
resources will require diverse materials solutions, with
each solution robust to multiple contexts.

A dedicated engineering approach to materials
development will help to balance these constraints and
overcome the trade-offs between reduced costs and
improved performance. This integrated materials engi-
neering approach should include use of experimental
data and simulations of operating conditions. Computa-
tional design tools developed to aid stove designers and
manufacturers should integrate materials considerations
with modeling of combustion and heat transfer. Materials
degradation from wear, high-temperature corrosion,
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thermal fatigue, shock, and creep can be recreated (with
models or in the lab) to improve materials selection and
contribute to accelerated lifetime testing. After field
testing, materials should be recharacterized to validate
laboratory testing and lifetime models and to improve
understanding of degradation under realistic conditions.

Metals and ceramics are both widely used in cook-
stoves. Metals are lightweight, mechanically robust,
resistant to thermal shock, and allow for flexible
designs. Ceramics also offer useful properties for stove
construction; options include locally available ceramics
for artisanal production and technical ceramics, if costs
can be minimized. Efforts to apply and improve currently
available materials should be balanced with efforts to
develop new materials.

Cook-stoves with mechanisms for forced ventilation
(e.g., fans) not only reduce emissions through better air-
fuel mixing and improved combustion but also improve
heat transfer to the cooking vessel. Current fan-driven
stove technologies meet or are close to meeting the
stated performance targets (reduce emissions by 90%
and improve fuel efficiency by 50%). While costs for
fan-driven stoves have recently decreased, further price
reductions can make these technologies more widely
affordable.

Fans require a power source, and a promising option
is the thermoelectric generator (TEG), which is able to
harness a stove's thermal gradients to produce power on
demand. Of the thermal energy produced from a tradi-
tional stove, only a small fraction is required to generate
the electricity needed to drive a fan. TEGs can also be
designed to optimize efficiency by adjusting the fan in

response to thermal gradients. Current TEGs, requiring
no external power source, are scalable, reliable, and-
unlike photovoltaics-generally do not require energy
storage or rely on the weather. TEGs can also be used to
charge small electronic devices or to power light-emitting
diodes (LEDs) for lighting. TEG designs can be improved
to provide low shear stress and scalability for various
power levels. Other major applications of thermoelectric
module technology, such as automotive waste heat reco-
very, are expected to increase the efficiency and lower
the cost of this technology over the next decade. More
complex and potentially more efficient mechanisms to
generate electrical power are also being developed and
tested, such as steam-piston generators and thermo-
acoustic electric co-generators.

Sensors and controls can significantly improve cook-
stove performance and enable real-time tracking of stove
use and performance. IAP sensors can provide laboratory
and field measurements at all stages of stove development
and scale-up (Figure 1) and can be especially useful for
measuring particulate chemical composition. Sensors
for measuring PM and carbon monoxide (CO) are avai-
lable and relatively inexpensive, but measurement of BC
has been complex and expensive, particularly in the field.

In-field monitoring of emissions remains expensive,
requiring highly trained personnel, expensive
instrumentation, and extensive follow-up for data
compilation and analysis. Alternative sensor systems are
available to measure practices in the field, potentially
enabling integration of field data with lab testing. These
systems, such as the Stove Use Monitoring System, can
provide a record of stove temperature at regular

Figure 1. Sensors can be used during all stages of stove development and scale up.
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intervals during cooking events. Future developments
may include wireless data transmission and recording of
fuel consumption.

Improved laboratory studies and testing protocols
are needed to more accurately reflect field conditions
and improve field results. The discrepancies between
laboratory and field testing have hindered previous
cookstove development and dissemination efforts.
Many complementary laboratory and field tests are
currently used, e.g., the Water Boiling Test (WBT),
Controlled Cooking Test (CCT), and Kitchen Perfor-
mance Test (KPT), and a range of tests are likely to be
needed to cover all phases of stove design and use
(Figure 1). For example, laboratory tests can enhance
stove design, and field tests are important to validate
stove performance under realistic conditions.

New testing protocols incorporate a variety of fuels,
field conditions, and cooking practices. Recent
developments include a new, publicly evaluated version
of the WBT protocol; the Indian Standard WBT adopted
by India's improved National Biomass Cook-stove
Initiative; a testing approach that recreates burn cycles
from field conditions; and EPA's research plan for
testing (currently under preparation). New testing
approaches that evaluate multiple performance
measures at multiple powers and test loads could
overcome some limitations of the current framework of
laboratory and field tests.

Efforts to improve cook-stoves (reducing fuel use,
increasing efficiency, lowering emissions, and improving
health) would benefit from a standard set of metrics,
baselines, and targets, but consensus is lacking on such
standards and measurement protocols. The community
(The Gambia) is working to determine which variables
are most appropriate to measure and which methods are
best to measure them. In addition, efforts are needed to
establish the number of samples and contexts needed to
provide robust feedback to stove designers and project
implementers.

Cooking devices, fuels, foods, and cooks should be
considered together. Multiple fuels and cooking devices
are routinely used in various combinations throughout
the world, and each combination represents interactions
affecting fuel efficiency and emissions. Laboratory and
field testing should therefore account for the entire
cooking system.

3. The objectives of the study

● Identify social and economic realities in developing
nations like The Gambia that have inhibited imple-
mentation of new cook stove designs and work with
experts in government and NGOs to find more ef-
fective paths forward.

● Identify the technology gaps and mechanisms for
commercializing improved designs in The Gambia.

Figure 2. Iterative cycle of feedback between laboratory and field studies to improve stove design and performance.
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● Devise better cook-stove technologies that enhance
the probability of acceptance and long-term usage
by people in The Gambia.

● Develop the tools and policies needed to sustain and
socialize this effort and speed diffusion of new tech-
nologies in The Gambia.

4. Discussion of results and

recommendations

The World Health Organization estimates that more
than 3 billion households in developing nations use crude
biomass fueled cook stoves indoors to prepare daily meals.
Toxic emissions produced by these stoves contribute more
than 18 percent of the black carbon emitted worldwide.
They also contribute to more than 2 million deaths each
year, making indoor biomass smoke a leading cause of
death in the developing world-especially in the poorest
countries like the Gambia. Owing to their traditional
societal roles in the Gambia, women and infants are
exposed to a disproportionate share of these toxins and
suffer adverse health effects in greater numbers. In the
Gambia alone, more than 2,000 women and children die
prematurely each year from biomass smoke exposure.
Cleaner burning stoves can improve maternal and child
health in the Gambia and significantly reduce global
carbon emissions. Data are needed to show that improved
stove designs will substantively reduce exposure levels,
decrease mortality rates, and lower atmospheric emissions
in real world settings.

Motivated by the United Nations' Millennium Deve-
lopment Goals to reduce child mortality and improve the
health of mothers in developing nations, in this paper I
tried to apply the full range of my  skills to address this
multifaceted problem. And tackling the technical, eco-
nomic, and societal issues, my vision for sustainable
solutions that will foster positive trends demands both
better cook-stoves and integrated thinking; social and
economic factors that must be understood and addressed.
New stove designs must gain user acceptance, micro-
financing is needed to make the stoves affordable, and
community and national leaders must understand the
policy changes needed to sustain results.

Significant gains for both health and climate can be
attained by providing access to clean cook stoves and
fuels for the 1.0 million people in The Gambia still de-
pendent on the use of rudimentary, traditional biomass

and coal stoves. The use of cleaner household energy
technologies to reduce climate change represents a
major opportunity that has not been adequately
explored. More systematic assessment of benefits is
needed by the Intergovernmental Panel on Climate
Change (IPCC) - along with greater consideration
within climate, energy and health sectors of investment
opportunities.

● Traditional biomass and coal stoves used by almost
half of the Gambia population cause about 2000
deaths annually, including over 1000 deaths from
chronic obstructive pulmonary disease and almost
another 800 deaths from pneumonia in children
under the age of 5 in the Gambia.

● These deaths can be largely avoidable with cleaner
and more energy-efficient stoves. Scenario modelling,
for instance, estimates that 11% of all chronic lung
disease burden in Latin America and Sub-Saharan
African among adults over 30 could be averted in
less than a decade by the introduction of more ad-
vanced biomass or biogas stoves, in pace with UN
targets for universal energy access.

● Close to 17% of all pneumonia deaths among sub-
Saharan African and Latin American children under
5 could be avoided by 2020 if more advanced bio-
mass or clean fuel stoves were introduced at a pace
compatible with the UN target for universal energy
access, according to findings from scenario modeling.

● Lung cancer deaths of about 36,000 people every
year are also due to indoor air pollution from coal
stoves, and these, too, are also largely avoidable
with cleaner stoves.

● More than one-third of the annual deaths from
chronic lung disease worldwide and nearly 3% of
lung cancer deaths are due to indoor air pollution
from biomass and coal stoves, and most of this
burden is borne by poor women in developing
countries like the Gambia. Action on this issue could
thus have a huge impact on women's health, and
particularly on the health of the poor.

● Recent evidence suggests that exposure to indoor
air pollution is also associated with other types of
non communicable diseases such as heart disease,
stroke, cataract, and other cancers, and also suggests
that smoke from biomass stoves may also cause
lung cancer.
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● Air pollutants from these stoves also have a strong
impact on climate change. Introduction of clean
cook-stoves will help reduce that impact, at the
same time benefiting health.

Nearly 18% of global CO2 emissions are attributed to
energy and fuel use by the residential sector (International
Energy Agency, 2008), including grid-electricity and
household coal, oil, gas, LPG, etc. for cooking and
heating. However, IEA estimates do not consider CO2
emissions from household biomass fuel combustion,
which is a primary household fuel source in the Gambia
and may or may not be harvested sustainably.

In addition to CO2, the poor combustion of traditional
biomass and coal stoves also releases very high levels of
other pollutants, as "products of incomplete combustion".
These include methane, a recognized greenhouse gas, as
well a number of other pollutants like carbon monoxide
and black carbon particles - not regulated by any climate
change convention. Many scientists now believe that, on
balance these products of incomplete combustion also
are likely to contribute to global warming, although this
remains a topic of some debate. Climate impacts of bio-
mass stoves are even larger when biomass is harvested
non-renewably.

● It is estimated that emissions of climate change pol-
lutants could be reduced by about 0.4-0.9 billion
tons of CO2  between 2010 and 2020 as a result of
the dissemination and adoption of new, very-low
emission biomass stoves or other clean fuel techno-
logies (especially renewable fuels such as biogas)
to households in sub-Saharan Africa and Latin
America at the same universal energy access rate.
This translates into distribution of about 9 million
stoves annually in 2010-2020.

● The health risks of coal use and kerosene use for
cooking, heating and lighting also require closer
examination as these fuels are associated with the
release of much higher levels of health damaging
and climate change emissions than, for instance,
LPG or natural gas, or in the case of lighting, small
PV solar-powered panels and lanterns.

There is increasing synergy between cost-effective
stove and fuel technologies and health gain potential. New
stove technologies and cleaner liquid and gaseous fuels
that substantially reduce carbon emissions (e.g. CO2,
methane and black carbon) also reduce exposures to the
most health damaging air pollutants (e.g. particulate

matter) by as much as 90%. Field studies are needed to
better assess uptake of these technologies and health
impacts on multiple diseases.

● New and relatively inexpensive biomass stoves using
fans and/or secondary combustion (gasification)
have shown reductions of up to 40% in fuel con-
sumption, and up to 90% in indoor air emissions in
laboratory evaluations. Field-based studies are
needed to confirm that similar reductions can be
obtained in households.

Biogas stoves fueled by anaerobic digesters of animal,
human and crop waste have been shown in laboratory
studies to reduce health-damaging air pollution by up to
90% with a very low climate impact, and are being used
widely in China and South-East Asia for household
cooking and lighting. If the digester is also linked to a
latrine, the resulting improvement in sanitation could
help prevent worm infestation, diarrheal disease and
malnutrition.

● Liquefied petroleum gas (LPG) reduces health-
damaging indoor air pollution exposures by more
than 90% in comparison to open fires or traditional
stoves. LPG is a fossil fuel whose combustion has
a low climate impact in comparison to traditional
biomass and coal at point of use. This does not,
however, consider environmental impacts related
to production and transport or logistics and equity
impacts of accessing fuel sources, particularly in
rural areas of the Gambia

● While kerosene is described as a clean cooking fuel
on par with LPG in terms of its potential to replace
biomass in IPCC assessment, the health impacts of
kerosene cook stoves may be more severe than LPG
cook stoves, as kerosene leads to higher indoor air
pollution than most other liquid and gaseous fuels
as well as an increased risk of burns, fires and
poisonings.

● Small, solar-powered light emitting diode (LED)
lighting can reduce risks of burns and exposure to
air pollution when it replaces kerosene lamps. As
IPCC notes: “While kerosene lamps provide only
1% of global lighting, they are responsible for 20%
of lighting-related CO2 emission and consume 3%
of the world's oil supply, while a compact fluo-
rescent light (CFL) or LED light is 1000 times more
efficient.” In India, household and community-level
photovoltaic systems are already being widely used
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to power domestic lights. Photovoltaic (PV)
electricity also offers potential for expanded use
and development of other low-power direct current
(DC) devices, including for communications and
refrigeration.

● Cooking technologies that also heat water, for
example the Water Disinfection Stove (WADIS), can
reduce exposure to both air pollution and water-
borne disease. This also improves quality of life by
providing warm water for bathing and laundry and
by reducing time spent collecting fuel that would
be needed for these activities.

● Health and mitigation impacts of space heating, as
well as cook stoves, need more thorough assessment
to identify “packages” of technologies most suited to
different climatic environments, e.g. regions where
space heating is required. For example, a highly ef-
ficient wood-burning stove used for space heating
may be cleaner than an unvented kerosene space
heater. Failure to consider space heating needs may
result in households adopting clean cooking solutions
but supplementing these with traditional stoves and
fuels for adequate thermal comfort. The net
emissions and health impacts of heating and cooking
systems thus need assessment in an integrated
manner.

5. Background and rationale

The residential sector is a substantial source of green-
house emissions and other climate-damaging pollutants,
with direct CO2 emissions accounting for nearly one
fifth of global CO2 emissions in 2008. -10. The net
contribution to climate change is considerably greater
when other greenhouse gases (i.e. methane) and short-
lived pollutants (i.e. black carbon) are accounted for, as
it is the non-CO2 pollutants from the incomplete
combustion of household fuels that have the most
immediate effects on climate and damaging effects on
health. IPCC assessment notes that the residential and
commercial building sector has the highest immediate
mitigation potential to reduce climate change pollutants.
In comparison with other sectors, larger absolute
reductions in CO2-equivalent emissions of climate
change pollutants addressed in the Kyoto protocolc are
possible by the year 2030 - at a cost of less than US$ 100
per ton of CO2-equivalent. This arises from opportunities
to markedly reduce energy consumption in buildings, to

switch to low-carbon and renewable fuels and to control
emissions of climate change pollutants other than CO2
(e.g. methane).

Particularly in the Gambia, household solid fuel use
also results in a substantial disease burden. Close to 1.2
million people obtain their household energy for cooking
and heating from solid fuels (wood, coal, charcoal, dung
and crop wastes) burned in open fires and traditional
stoves. This combination of inefficient stove design and
solid fuel use leads to very incomplete combustion and
high levels of air pollution emissions (indoor and outdoor)
that are severely damaging to both health and climate.
Such indoor air pollution is a major risk factor for child-
hood pneumonia, chronic obstructive pulmonary disease
and also lung cancer where coal is used. Recent evidence
has also shown associations with an increased risk of
adverse pregnancy outcomes ,cardiovascular disease,
cataracts and tuberculosis, as well as other cancers. In the
Gambia, indoor smoke was responsible for an estimated
4.0% of the overall disease burden in 2008, making it the
most important cause of death and illness after childhood
underweight, unsafe sex, lack of safe water and sanitation
and suboptimal breastfeeding.

Women and children are most directly exposed to
indoor air pollution, as well as being more at risk for burns
and scalding, and vulnerable to attack and injury during
fuel collection. New technologies for more efficient
household fuel use in the Gambia hold some of the
greatest potential co-benefits for both health and climate
in the household energy sector because they greatly reduce
emissions. These interventions offer other co-benefits to
health, gender equity and sustainable development for
the Gambia people. The WHO review brings together
initial evidence of such co-benefits to identify strategies
and measures worthy of further systematic exploration.

6. Summary of findings

The IPCC has identified important opportunities for
climate change mitigation in the residential building and
energy sectors. However, mitigation options for house-
hold energy in The Gambia require more systematic
assessment, including review of potential health co-
benefits.

This review highlights the climate-changing role of
short-lived pollutants that result from inefficient use of
solid fuels in The Gambia. The serious health impacts
that arise from these emissions, estimated at almost 2000
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Reduction in Emissions from Selected Fuel/Stoves Combination
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Stoves fitted with fans require low-wattage electric power,
and batteries permit stove use even with intermittent electri-
city supply. Some newer models generate power indepen-
dently from heat (thermoelectric generation). Suitable largely
for cooking, rather than space heating.

Emissions have been tested in both laboratory and field set-
tings. Performance varies widely between models, settings
and accessories. Fuel must be cut smaller, but processed fuels
are not usually required. Those stoves with well-maintained
chimneys will further reduce indoor smoke exposures. Also
can provide some space heating, although well-insulated
models emit less radiant heat.
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Performance varies greatly depending on design and condition,
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expected. LPG stove technology is relatively durable and
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income households due to costs required for large volumes
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Historically regarded as a relatively 'clean' fuel. However,
emerging evidence has linked kerosene use with a number of
respiratory diseases, including tuberculosis. Emissions are
highly dependent on fuel content (e.g. sulphur) and purity,
on the combustion/lighting device, and whether the device is
pressurized. There are also significant health risks from poi-
soning and burns. Relatively inexpensive as a fuel, although
linked to oil prices.
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premature deaths for the year 2008, underlines the global
opportunity to achieve very large health gains through
mitigation measures.

Regarding household energy use in the Gambia, the
IPCC proposed a range of improved stove technologies
and cleaner fuels to reduce climate changing emissions.
While most of these will deliver climate and health
benefits, the overriding message of this review is that
some of those having the largest impact on mitigation
may also deliver the largest health gains.

For example, biogas and advanced biomass stoves
using secondary combustion can potentially deliver very
large combined health and climate benefits. Fossil fuels
such as:

LPG also can deliver significant health gains with
lower climate impact than traditional solid fuel use, due
to LPG's more complete combustion. Electricity is the
cleanest household fuel at point of use, but that does not
consider pollution and climate impacts from power
generation. Also, grid extension of electricity sufficient
for cooking and heating poses logistical and financial
challenges in many rural areas in The Gambia. In the
case of lighting and low-wattage appliances, renewable
home and community-based electrical systems, such as
solar photovoltaic (PV) or hydro-electric, may replace
kerosene lamps, and provide immediate and sustainable
benefits to health and development at low cost and with
minimal climate impact.

Overall, more specificity is needed for better
assessment of the health co-benefits and tradeoffs for a

range of existing and emerging technologies. Rural biogas
and improved biomass technologies need more systematic
evaluation in light of fast-growing energy demands and
the logistical and environmental barriers to conventional
grid expansion.

The health impacts of kerosene use may be greater
than, and should be distinguished from, those arising from
other liquid or gaseous fossil fuels such as LPG. The
continuing widespread use of coal as a household fuel in
some regions of The Gambia, suggests that further consi-
deration of its health impacts and mitigation opportunities
is needed.

Consideration of local needs, opportunities and costs
is needed to make solutions relevant to The Gambia,
and to mount pragmatic investment and infrastructure
programmes. Some of the world's poorest people stand
to gain the most in terms of health and development from
clean household energy. However, substantial investment
is required if the universal energy access goals proposed
by AGECC are to be met. Innovation also is needed to
facilitate access by those most disadvantaged regions of
the Gambia.

The large climate change mitigation potential of
household energy improvements offers opportunities
for substantial use of carbon finance mechanisms. Such
investments could be much enhanced if the Clean Deve-
lopment Mechanism of the United Nations Framework
Convention on Climate Change was reformed to consider
mitigation of short-lived climate change pollutants, and
to account for health co-benefits.

Conclusion

The heavy dependence and inefficient utilization of biomass resources for energy have resulted in high depletion
of the forest resources in the Gambia. Traditional cooking technologies, one source of inefficient utilization of biomass
resources, as well as a source of indoor air pollution and ill health associated with the inhalation of smoke, has led
policymakers to seek the advancement of affordable alternative cooking technologies that use fewer resources and
result in less pollution.

The analysis of the speed of adoption of improved Cook stoves is important for many stakeholders in the
Gambia, both governmental and non-governmental organizations, in many ways. For example, if richer households
adopt more quickly than poorer household  then the design and dissemination of the Cook stoves should reflect the
interest, or preference, as well as the income level of the household. If, on the other hand, the speed of adoption is
affected by the lack of awareness of the potential benefits of these Cook stoves, it is likely that different strategies
could be devised to introduce and disseminate the technologies, or at least educate the population about the benefits
of these technologies via demonstrations, posters, and radio or TV advertisements.
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Furthermore, the analysis can provide information for Cook stove producers and other stakeholders, regarding

the pattern of demand for new Cook stoves and, hence, can be good for production planning. Finally, as already

noted, given the importance of reducing pressure on biomass resources, increasing land productivity and reducing

the ill effects of indoor air pollution, understanding the determinants of adoption, as well as the speed of adoption,

can provide information that policy makers can use to increase the speed of adoption.
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1. Introduction

The HLA-B*37:02 allele was first described in 1995
in a Syrian father and one of his sons during routine
HLA typing. It has no assigned serologic equivalent and
a mixed B27 and B37 serologic reactivity pattern has
been suggested. In this report we characterize the immu-
nogenetics attributes of this allele.

2. Methods

Of 73355 subjects HLA typed in our laboratory, 644
were positive for B*37 with only 2 positive for B*37:02.

One subject is an unrelated bone marrow donor and the
other is a subject from the international cell exchange.
The serological reactivity of both cells and probable
haplotypes were analyzed.

3. Analysis

Routine serological HLA typing for a BM donor
revealed a HLA-B18 associated with Bw4 together with
the A1, A24, CW blank .More extensive serological
analysis was done using the OL- trays and the result
coming as in the table:

27
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The CT86-A and CT86-B sero showed no reactivity

for B37, B27, B47, the only conclusive being the Bw4.

The OL sera showed high reactivity B27 B13 B37

B47 ( X3032), B47 B27 B37 B13  (MAGGIE),B44 B27

B38 B47 (PAMELLA), B27 B13 B37 B47 ( FEE), B5

B37 B53 B77 (IVETTE).The great majority of the

reagents showed negative reaction against B37,B27,B47

individually. And positive reaction against B27, B47,

B37 and B13 together.

On the other hand the serological analysis for the

ICE patient comes as the following:

The serological HLA typing of this patient revealed
B*14 association of Bw*4 and a possibility of B*27, 37,
13 together with A*29, A*19, CW*8, CW*2.

The CT93-A and CT93-B sero showed no reactivity
for B37, B27, B47, the only conclusive being the Bw4.

The OL sera showed high reactivity B27 B13 B37
B47 (Z227), B44 B47 B27 B37 B13 (FAY), B27 B44
B38 B47 (PAMELA), B18 B16 B14 B37 B54 B55
(MOLLY), B27 B13 B37 B47 (FEE), B5 B37 B53 B77
(IVETTA). The great majority of the reagents showed
negative reaction against B37,B27,B47 individually. And
positive reaction against B27, B47, B37 and B13 together.
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4. Results

Here is the result comparison of the highly positive
serological reactivity for both the BM donor and the
ICE patient.

We can see the great similarity in the serological
reactivity of B*3702 of the two persons except in three
reagent (fay) and (molly) in the first and (Maggie )in the
second.

One of the conclusions is that the cross-reactivity
between B*37, B*47, B*27and B*13 is very connected
that is difficult to be differentiated serologically.

And our B*37, B*47, B*27and B*13 reagents indi-
vidually cannot individually detect the positivity.

Also the B*37:02 cannot be defined serologically by

the available trays, but can be expected with other alleles

like B*27, B*47 and B*13 together with Bw*4.

Finally, this analysis emphasizes the value of serologic

HLA typing methods in characterizing newly described

and uncommon HLA alleles.

Full length DNA typing for the donor was done and

the typing coming as the following:

A*24,A*01,B*18,B*37:02,DRB1*03,DRB1*11,

CW*02,CW*05

Based on the Haplostate frequency the possibilities

come as the following (1):
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CAU API HIS NAM

Haplotype

AFA

Freq

(%)
Rank

Freq

(%)
Rank

Freq

(%)
Rank

Freq

(%)
Rank

Freq

(%)
Rank

0.065

0.022

0.011

0.022

A*01:01 B*18:01
DRB1*03:01 
A*01:01 B*18:01
DRB1*11:01 
A*01:01 B*18:01
DRB1*11:03 
A*01:01 B*18:01
DRB1*11:04 
A*01:01 B*18:02
DRB1*11:04
A*01:01 B*18:03
DRB1*11:04 
A*01:01 B*18:04
DRB1*11:04 
A*24:02 B*18:01
DRB1*03:01 
A*24:02 B*18:01
DRB1*11:01 
A*24:02 B*18:01
DRB1*11:03 
A*24:02 B*18:01
DRB1*11:04 

A*24:02 B*18:03
DRB1*11:04 
A*24:03 B*18:01
DRB1*11:01 
A*24:03 B*18:01
DRB1*11:04 
A*24:03 B*18:03
DRB1*11:04 
A*24:07 B*18:01
DRB1*11:04 
A*24:26 B*18:01
DRB1*03:01 

295

959

1623

959

0.014

0.041

0.122

0.014

1159

502

127

1159

0.013

0.05

0.119

0.131

0.021

1310

382

135

114

866

0.125

0.341

165

37

0.038

0.011

0.001

0.098

0.002

0.003

0.004

0.079

0.056

0.004

0.244

0.002

0.002

0.022

0.004

449

1176

4866

172

3005

2612

2164

220

312

2164

54

3005

3005

716

2164

(A-B-DRB1) Individual Haplotype Frequencies:



HLA Typing: (A-B-DRB1) Haplotype Pair Frequencies

No A-B-DRB1 Haplotype Pair Frequency Data

Available

(B-C) Individual Haplotype Frequencies
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CAU API HIS NAM
Haplotype

AFA

Freq

(%)
Rank

Freq

(%)
Rank Freq

(%)
Rank

Freq

(%)
Rank

Freq

(%)
Rank

0.743

0.012

0.012
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B*18:01 C*02:02

B*18:03 C*02:02

B*18:05 C*02:02

B*37:02 C*02:02

B*18:01 C*05:01

30

222

222

28 0.059 135

0.093

1.923

120

13

0.064

1.002

105

28

0.024

0.002

1.138

112

353

26

CAU API HIS NAMRace AFA

Haplotype 1

freq 1 (%)

rank 1

Haplotype 2

freq 2 (%)

rank 2

18:01

501

0.934

28

3702

202

0.012

222

total freq

(B-C) Haplotype Pair Frequencies

Accordingly, the most probable possibilities of our
donor haplotyping are:

For (A-B-DRB1) Individual Haplotype respectively:

1-A*01:01 B*18:01 DRB1*11:04

(0.03675 Frequency in whole population)

2- A*24:02 B*18:01 DRB1*03:01

(0.06625 Frequency in whole population)

3- A*24:02 B*18:01 DRB1*11:04

(0.23867 Frequency in whole population)

So the other haplotype will be: 

1- A*24:02 B*37:02 DRB1*03:01

2- A*01:01 B*37:02 DRB1*11:04

3- A*01:01 B*37:02 DRB1:03:01

For (B-C) Individual Haplotype:

1- B*37:02 C*02:02

So the other one will be:

1- B*18:01 C*05:01

And based on the typing for another patient which is
from the ICE(international cell exchange 2010)(2):

A*29,A*30,B*14,B*3702,CW*02.CW*08,DRB1*
07,DRB1*13

So the (B-C) Individual Haplotype is:

B*37:02 C*02:02

And the patient who was the first discovered, the
haplotyping for him was(3):

A*1,B*3702,Cw*2,DRB1*11

2.241x20-6
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Conclusion

The target now looking for more B3702 to analyse their serological reactivity and the most haplotyping fre-

quencies to help in BM donor finding and increase our knowledge about the behavior of this B3702.

[1] http://www.haplostats.org/typings.do;jsessionid=zShRTx4hXGZTlv
FfPGymD7Xpxm6Zt5gXS2zyFmRQWFtJvx2XHhzp!816061849

[2] The UCLA Cell Exchange 2010 (ICE), The 1408 patient in Allogen Labs 

[3] http://www.springerlink.com/content/kt271r308776j868/
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Which is one of our possibilities.

The most probable haplotype assignment for our
donor is:

A*24:02 B*18:01 C*05:01 DRB1*03:01

And the other haplotype would be:

A*01:01 B*37:02 C*02:02 DRB1*11:04

which is the same haplotype of the first discovered
one(3).



1. Introduction

Natural products play a key role in the discovery and
development of new drugs. About 25% of prescribed
medicines are plant derivatives and about 80% of the
world's population relies on herbal medicines as a folk
medicine and alternative remedies to cure different
ailments and diseases (Batugal, 2004). The medicinal
value of plants lies in plant borne chemical substances
that produce a definitive physiological action on the
human body (Edeoga et al., 2005). Vigorous research is
now being focused on identifying various herbs possessing
hypolipidemic, antiplatelet, antitumor or immune stimu-
lating properties, that may prove helpful as adjuncts in

reducing the risk of cardiovascular disease and cancer
(Craig and Winston, 1999). Plants possessing therapeutic
potential belong to nearly 30,000 species belonging to
5,000 genera (Akerele, 1998).

Diabetes mellitus is one of the five leading causes of
death (Kumar et al., 2006) and its prevalence has in-
creased exponentially. In fact, nearly 150 million people
worldwide are diabetic, with that number expected to
increase to 355 million by 2030 (Wild et al., 2004). Most
importantly, the management of diabetes without any side
effects is still a challenge (Kameswararao et al., 2003).

The ethnobotanical information reports that around
800 plant species may possess anti-diabetic potential. A
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D
iabetes is a serious

medical problem and

affects millions of people

worldwide. In Indian folk

medicine, many plant spe-

cies are suggested to be

anti-diabetic but lack con-

crete scientific proof.  The

present study investigated

the antidiabetic potential of

one plant species namely

Woodfordia fruticosa (Linn).

Crude extract was admi-

nistered acutely (3 g/kg b.w)

and chronically (142 mg/kg

b.w/day for 21 days) to alloxan monohydrate-induced

diabetic rats. Controls were treated with DMSO and

glibenclamide. Glucose levels were estimated at 0, 1, 3

and 5 hrs (for acute) and at day 1, 7. 14 and 21 (for

chronic). At end of treatments rats were sacrificed. Serum

samples were evaluated for creatinine, urea, liver enzymes,

ALT, AST, ALP, cholesterol and triglycerides. Histology

of pancreas was done to

assess histomorphology.

Results showed that Wood-

fordia fruticosa extract

caused a greater reduction

(P < 0.001) in plasma glu-

cose concentration in both

acute and chronic treatments.

ALT, AST and ALP and

serum urea were signifi-

cantly reduced in the

extract treated diabetic

rats (P < 0.001). Cellular

deformities in diabetic rat

pancreas demonstrated

restoration of pancreatic

architecture. The present

study demonstrates that Woodfordia fruticosa extract

contains glucose lowering activity and can prove useful

in diabetic and diabetes related pathologies.
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wide array of plant-derived active compounds repre-
senting alkaloids, glycosides, polysaccharides, peptido-
glycans, hypoglycans, guanidine, steroids, carbohydrates,
glycopeptides, terpenoids, amino acids and inorganic ions
have been demonstrated to possess anti-diabetic activity
(Ajit kar et al., 1999; Jafri et al., 2000). Even the disco-
very of widely used hypoglycemic drug, metformin came
from the traditional approach of using Galega officinalis.
However, many of the plant species have proved not to
be very effective in lowering glucose levels in severe
diabetes (Davis and Granner, 1996).

Of several plant species Woodfordia fruticosa (Linn.)
is also believed to have anti-diabetic potential. Its
chemical constituents are flavonoids and tannins (Leaves,
twigs and immature fruits). Its bark is being used in
Garhawal (India) for treatment of menorrhagia. The
flowers are being used in the preparation of Ayurvedic
fermented drugs called 'Aristhas' and 'Asavas', and very
popular in the Indian subcontinent and other South Asian
countries. A popular crude drug (called 'Sidowaya' or
'Sidawayah') of Indonesia and Malaysia chiefly contains
dried flowers of Woodfordia fruticosa. It has been used
as an astringent to treat dysentery and sprue, and also for
the treatment of bowel complaint, rheumatism, dysuria,
hematuria and infertility in many South East Asian
countries (Das et al., 2007).

Like other countries, the use of herbal medicine has
increased enormously in Pakistan over the last few
decades. Although hypoglycemic studies on Woodfordia

have been done but relatively few studies encompass
full physiological effect. The current study investigated
acute and chronic exposure of crude extracts of Wood-

fordia fruticosa in experimentally induced diabetes on a
more scientific and biochemical basis with emphasis on
hepatic and renal function. 

2. Methodology

The present study was conducted at the Department
of Animal Sciences, Faculty of Biological Sciences,
Quaid-i-Azam University Islamabad and the study was
approved by the local ethics committee of the Department
of Animal Sciences.

Animals and maintenance

Healthy adult male Sprague-Dawley rats (n=25, ave-
rage body wt = 255±30 g) were purchased from the

National Institute of Health, Islamabad. Five animals
were housed in steel cages under standard laboratory
conditions.

Plant collection and extract preparation

Leaves of a plant species Woodfordia fruticosa locally
named as 'Dhawi' were collected from Margalla hills
National Park and methanolic extracts were prepared
through standard procedures. 

Induction of Diabetes

Diabetes was induced to adult rats by a single intra-
peritoneal injection (i.p.) of alloxan monohydrate (150
mg/kg b.w) (Sigma Aldrich, USA) (Aruna et al., 1999). 

Experimental design and dosage

Animals were divided into five groups (n=5). The
experiments were carried out in acute as well as chronic
doses. For acute experiments, rats were administered
through gavage 3 g/kg b.w Woodfordia fruticosa extract
(dissolved in dimethyl sulphoxide, DMSO).  In chronic
experiments, animals were administered crude plant
extract through gavage at the rate of 142 mg/kg b.w per
day for continuous 21 days (total dose=3 g/kg). Positive
control group of rats were treated with an antidiabetic
drug glibenclamide given at the rate of 10 mg/kg b.w/day
for 21 days. Vehicle control group received oral doses of
70 µl DMSO day-1 for 21 days.

In the acute experiments, for blood glucose measu-
rement, blood samples were collected from the tail vein
at 0, 1, 3, and 5 hrs post gavage of the plant extract.
Blood glucose was measured using Dextrostix with
glucometer (Accu-Chek Active. Roche, China). In the
chronic experiments, treatment of diabetic rats with the
plant extract was begun 48 hrs after alloxan injection.
Blood glucose was measured at weekly intervals till end
of the study (3 weeks). The animal weight and fasting
glucose levels were estimated on day 1, 7, 14 and 21.

Blood and tissue collection

At end of experiments, rats were starved for 12 hrs,
reweighed, and anesthetized with sodium pentabarbital
60 mg/kg b.w. Sera were prepared and stored -20˚C
until assayed.  Lipid profile viz., serum total cholesterol,
HDL, LDL, triglycerides, liver enzymes, serum urea and
creatinine were estimated through commercial kits
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(Medizintechnik GmbH Austria; Globe Diagnostic, Italy
and AMP Diagnostics, Austria) on a UV visible light
spectrophotometer (Agilent 8453). Tissue samples of
liver and pancreas were processed for histology.

Statistical Analysis

The results were analyzed and compared by one way
ANOVA followed by post-hoc Tukey's adjustment using
the Statistical Package for Social Sciences (SPSS, version
16, Inc, Chicago, Illinois, USA). P < 0.05 was considered
to be statistically significant difference.

3. Results

Effect on body weight

Throughout the experiments, body weight did not
show any significant change in any of the experimental
groups, treatment or otherwise.

Plasma glucose levels

Effect of acute dose of Woodfordia fruticosa crude

extract

Compared to control animals, plasma glucose
concentration that increased significantly after alloxan
treatment showed significant fall at 1 hr and a highly
significant decline at 3 hr and 5 hr (P < 0.001) post
treatment with the Woodfordia extract. Glibenclamide
treatment also led to a significant decrease in glucose
levels at 3 hrs (P < 0.01) and 5 hr (P < 0.001) post
treatment respectively (Figure 1).

Effect of chronic dose of Woodfordia fruticosa crude

extract

A significant decrease was observed  on the 7th day
in glucose levels in diabetic rats (alloxan pretreated)
treated with the extract (P < 0.001) followed by a further
significant decline on the 14th day (P < 0.05), and a
highly significant reduction on the 21st day (P < 0.001)
post treatment  with the extract as compared to day 1
(Figure 2).

Rats treated with glibenclamide also showed a highly
significant decrease in blood glucose levels on the 7th,
14th and 21st day (P < 0.001) post treatment. Glucose
levels remained significantly higher throughout the
experiment in non-treated diabetic control group
(Figure 2).

Liver enzymes

Application of Woodfordia plant extract to diabetic
rats led to a significant decrease in serum ALT, AST and
ALP (P < 0.001) as compared to negative control (only
alloxan treated) who showed significantly concentrations.
This significant reduction in glucose level was equivalent
that occurred on application of glibenclamide (Table 1).
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Figure 1. Plasma glucose levels of normal and diabetic rats treated

with Woodfordia fruticosa extract (3 g/kg b.w) acutely. Significantly

different from control at *P< 0.05; ** P< 0.01; *** P< 0.001

Figure 2. Comparative effect of chronically induced Woodfordia

fruticosa extract (142 mg/kg b.w/day) on blood glucose level in

alloxan induced diabetic rats. Significantly different from control at

*P< 0.05; ** P< 0.01; *** P< 0.001

Normal ctrl: Normal Control (non treated); Veh ctrl: Vehicle

Control (DMSO treated); Db ctrl: Diabetic Control (Alloxan

Treated); DbExTr: Diabetic Extract Treated (alloxan pretreated);

DbGlTr: Diabetic Glibenclamide Treated (alloxan pretreated).



Renal function

A slightly significant reduction occurred in serum
urea levels of diabetic rats treated with the Woodfordia

extract (P < 0.05) but no change was noticeable in
creatinine levels (Table 1). 

Lipid profile

Cholesterol and triglycerides

Levels of serum cholesterol and triglycerides remained
unaltered in the extract treated, and glibenclamide treated
groups when compared with control rats (Table 1).

Histology

As compared  to vehicle control rats (Figure 3A) the
pancreas of diabetic rats showed gross deformities that

included cellular lesions and reduced cellular dimensions.
There occurred loss of connective tissue and a mild
hyperplasia was noticeable. The cells were hyperchro-
matic and unevenly distributed. Cellular congestion was
also observed in the histological sections of diabetic rat
groups. There was mild infiltration of inflammatory cells
(Figure 3B).

A restoration of normal cellular population size was
noticeable in the pancreatic sections obtained from Wood-

fordia extract treated groups. The cellular congestion
was reduced and no inflammatory cells infiltration was
detected in this group of rats (Figure 3C). The findings
were comparable with those of normal control group.
Pancreas of glibenclamide treated rats had similar findings
to extract treated group showing improvement of pan-
creatic cells (Figure 3D).
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Figure 3. Photomicrographs of vehicle control (A)l, alloxan treated diabetic (B), Woodfordia extract treated (C) and

glibanclamide treated (D) rats. A: Normal acini and normal cellular population in the islets of langerhans in pancreas

of vehicle control rats. B: Alloxan treated diabetic rats showed extensive damage to the islets of langerhans and reduced

dimensions of islets. C: Extract treated pancreas showed restoration of normal cellular population size of islets.

D: Glibenclamide treated group showed restoration of normal cellular population size of islets. (Magnification 200x).



4. Discussion

The results of the present study on diabetic rats
following acute and chronic treatments with Woodfordia

fruticosa (Linn.) demonstrated significant reduction in
plasma glucose, serum urea and liver enzymes, while
pancreas showed restoration of normal cellular structure
of islets. In both acute and chronic treatments, normo-
glycemia upon extract treatment indicated that this plant
species possess definitive antihyperglycemic activity. 

Different mechanisms of action of plant extracts to
reduce blood glucose levels are already known. Some
plants exhibit properties similar to the well-known sul-
fonylurea drugs like glibenclamide (Davis and Granner,
1996), while others do not affect blood glucose in normal
state and act instead much like biguanides such as met-
formin which is a known antihyperglycemic compound
(De Fronzo and Goodman, 1995; Stumvoll et al., 1995).
We presently suggest that Woodfordia fruticosa acted in
a metformin-like mechanism as it did not decrease
plasma glucose levels in normoglycemic rats.

The AST, ALT and ALP are physiologically and
clinically important enzymes located in cytoplasm or
mitochondria in a variety of tissues cytoplasm and mito-
chondria. Since ALT occurs in much higher concentration
in the liver than elsewhere, therefore increased ALT
activity specifically reflects hepatic damage, which is a
normal occurrence in diabetes. Within limits AST and

ALT levels act as indicators of normal liver function.
Diabetes causes lipid peroxide mediated tissue damage
in the pancreas, liver, kidney, and heart. The changes are
related directly to the changes in the metabolism in which
these enzymes are involved. The increase in the levels
of these enzymes in diabetic rats may be due to the
leakage of these enzymes from the tissues and then
migrating into the blood stream (Prince and Menon,
2000). Diabetes and hyperlipidemia also cause cellular
damage by altering the cell membrane architecture
resulting in enhanced activities of ALP in diabetic rats.
Presently in diabetic rats, restoration of these enzymes
to normal levels indicates restoration of liver normal
functioning upon treatment with Woodfordia extract.
Our results appear consistent with a previous report by
Rajangam et al. (2009), who studied the effects of
Withania somnifera root and leaf extracts in alloxan -
induced diabetic rats.

Diabetic nephropathy is a microvascular complication
of diabetes. A key morphological change associated with
sustained hyperglycemia is the accumulation of glycogen
granules in distal tubules, which leads to renal hyper-
trophy (Kang et al., 2005). Presently, significant elevations
of serum creatinine and urea levels were indicative of
impaired renal function. A significant reduction in serum
urea was noticeable in the extract treated rats, indicating
this to be due to reduced hyperglycemia and a possible
inhibition of glyconeogenesis.
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TABLE 1. Biochemical parameters in normal, diabetic and diabetic Woodfordia fruticosa extract treated rats.

Values are mean ± SEM

73.0 ± 12.03

126.2 ± 8.85

116.8 ± 6.71

36.0 ± 2.68

0.56 ± 0.02

117.0 ± 6.70

89.6 ± 3.30

ALT 38.69***

AST

ALP

Urea

Cretanine

Cholesterol

Triglycerides

Parameters

273.2 ± 24.44***

429.6 ± 22.49***

371.4 ± 20.7***

54.6 ± 5.35

0.54 ± 0.02

105.4 ± 3.44

100.8 ± 5.42

130.2 ± 12.05

119.6 ± 10.1

156.2 ± 14.32

34.2 ± 3.83*

0.52 ± 0.02

133.4 ± 6.70

95.0 ± 3.11

413.6 ±

84.4 ± 4.56

64.4 ± 7.75

43.28 ± 4.28

0.66 ± 0.02

111.0 ± 4.78

93.5 ± 2.15

Veh Ctrl

45.20 ± 4.70

109.06 ± 6.90

141 ± 7.72

38.2 ± 4.07

0.5 ± 0.03

117.0 ± 5.63

94.73 ± 2.0

Normal ctrl Db Ctrl Db GITraDb ExTr

Normal ctrl: Normal Control (non treated); Veh ctrl: Vehicle Control (DMSO treated); Db ctrl: Diabetic Control (Alloxan
Treated); 
DbExTr: Diabetic Extract Treated (alloxan pretreated); DbGlTr:: Diabetic Glibenclamide Treated (alloxan pretreated)
Significant at *P < 0.05; ***P < 0.0001



No significant change was encountered in cholesterol
and triglyceride concentrations in any of the treatment
groups in the current study. However, a few reports show
significantly elevated lipid profile in diabetic rats (Gupta
et al., 2005). This might be due to the relatively short
term or acute exposure of rats to the extract.

As already known (Edem, 2009), presently diabetic
rats showed prominent pathology of pancreas including
hyperplasia, congestion of parenchymal cells and mild
inflammation. Upon treatment with the extract of Wood-

fordia, rats showed reversal of abovementioned pathological

changes equivalent to glibenclamide treatment indicating
the efficacy of the extract as a hypoglycemic agent.

Our present findings indicate that the glibenclamide
and the extract of Woodfordia fruticosa possibly use
similar mechanism to induce hypoglycemic changes. This
might be through potentiation of pancreatic secretion of
insulin from the intact β-cells of islets. The mechanism
may also be coupled with extra-pancreatic mechanisms
like decreased glycogenolysis and enhanced glycogenesis
by the liver and enhanced transport of blood glucose to
the peripheral tissues.
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Conclusions and Recommendations

It is concluded that Woodfordia fruticosa extract may possess potent antihyperglycemic activity and can prove
useful to protect from hepatic and liver damage in diabetes. The present study provides supportive evidence in favor
of the use of Woodfordia fruticosa leaves in traditional medicine to treat diabetes. Long-term studies on a more bio-
chemical and molecular level are definitely required to understand the mechanism of action and to isolate the active
ingredient to finally design an antidiabetic drug.
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1. Introduction

Many studies [1-4] have been adopted on the flow
control valves due to their importance in controlling the
various engineering applications. Studies were concerned
with the determination of the inherent performance cha-
racteristics of the valve [5-6]. However, few researches
introduced different internal design of the valve to achieve
a variety of inherent performance characteristics, [5-7-11].
Consequently, this is an obsolete way to achieve the
required characteristic. The present research introduced
a new valve concept having an infinite number of inherent
characteristic curves and satisfying different system
demands.

The introduced valve is composed of two portions
arranged in parallel configuration. Each valve portion
that has its own inherent characteristic had been studied
separately. Besides, the effect of flow direction, upstream

pressure, and Reynolds number on the valve portion flow
characteristics had been depicted. Subsequently, the
interaction between the two valve portions is studied to
demonstrate their effects on the valve flow characteristics,
and how their contribution is establishing the valve flow
coefficient range. Finally, the effect of such parameters
on the valve flow characteristics is deliberated.

2. The Present Valve and the test Rig

The primary concept of the new valve is dividing the
valve seats into two seats in parallel. One seat has an
axial plug and the other has an annulus plug as shown in
the schematic diagram in Figure 1. The two valve portions
have equal seat cross section areas, where the area ratio
between the two portions is equal to unity. Each area is
half the pipe cross section area. One of the two valve
portions is an axial globe valve and the other is annulus
globe valve. Each valve can be used separately to control
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P
ipe line valves have

been studied extensi-

vely to determine their

inherent performance cha-

racteristics. However, some

researches introduced dif-

ferent internal design for

such valves to achieve a

variety of inherent charac-

teristics. Consequently, this is an obsolete way to achieve

the required characteristic. The present paper introduces

a new valve concept that consists of two parallel por-

tions of globe type valves with different characteristics.

The integration between the two valve portions, makes

it possible to have an inherent flow coefficient range

instead one performance curve according to the ope-

ning of the two valve por-

tions. Experimental inves-

tigation is herein performed

while studying the two

valve portions individually

and operating together

while considering the va-

riation of upstream pres-

sure, Reynolds number, and

valve direction. The results

put guidelines for valve installation and performance

on the basis of throttling and cavitation avoidance. The

present work may be the first step for the new concept

of valve type used for engineering systems.
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the flow rate when the other is completely closed. The
interaction between the two valves introduces a charac-
teristic range instead of the valve inherent characteristic
curve. The new valve has the ability to permit the flow
through it in both directions as indicated by the plot by
flow direction (1) and (2).

The detailed drawing of the axial plug is presented in
Figure 2. The valve is manufactured from AISI 304
stainless steel material and is machined inside the valve
body using CNC milling machine. The overall dimensions
of the new valve are 155 mm length and 145 mm dia-
meter. The angle of the axial plug is 15º and the annulus
plug is 74º, measured from the axial direction, thus making
the change in flow rate with two different characteristics.
The valve key is the manual actuator of both the axial and
annulus valve portions. More details about the dimen-
sional of the new valve can be found in Nawar [12]. 

A schematic diagram of the test rig is presented in
Figure 3. The setup is designed according to the standard
test method of ANSI/ISA-75.02-1996. The test rig con-
sists of a main water tank, centrifugal pumps, piping
system, flow meter, the new designed control valve and
some accessories. A reservoir with 2m x 2m x 1.5m and
a pump Calpeda (NM40/16 AE) were used to properly
supply the water with the maximum flow rate and pres-
sure required in a testing line. A tested new valve (large
symbol) is placed between two pressure transducers with

resolution 0.01 mbar and with the pressure range of
0 bar to 10 bars and accuracy ± 0.2 % of full scale. The
upstream and downstream pressures are measured at a
distance of two and six pipe diameters, respectively
according to ANSI/ISA-75.01.01-2002. The static tabs,
which are used for static pressure measurements, are
machined and welded in the pipelines upstream and down-
stream the new tested valve. The diameter and height of
the static tap holes are 5 and 25 mm, respectively.

The diameter of the static tap holes has been chosen
to be 10% of the pipe diameter and its height five times
its diameter, according to ASME performance test code
PTC 19.5-1972. The pressure drop can be obtained by
adjusting the tested new valve and the other two ball
valves (small symbols) in the testing line, respectively.

A magnetic flow meter is used to measure the flow
rate of the water flowing through the new valve. The
magnetic flow meter is used to measure the flow rate of
the water flowing through the tested valve. The flow-
speed range of the transducer was 0.02 m/s - 8 m/s with
accuracy ±1% of full scale. The experimental measu-
rements of flow rate through the new valve, and the
pressure  upstream  and downstream the new  valve  a
recorded  by  using  A/D  converter (data acquisition) PCI
card, NI 6220(by National Instruments), 8 differential
channels, 16 bit ADC resolution and maximum sampling
rate of 250 kHz. The connection to the card is done using
differential input. The differential input connection is
used to reduce noise signal and it is installed in desktop
computer of 933 MHz, 512 MB RAM. The measurements
are monitored and recorded using LabVIEW V8.1 soft-
ware. The program is designed to receive the measured
signal as a voltage analog signal. These voltage signals
are converted to pressure in (kPa), displayed and recorded
versus time with a sample frequency of 50 kHz and stored
in the hard disk of the PC. During the experimental work,
the maximum temperature change of water temperature
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Figure 1. Schematic diagram of the new valve

Figure 2. Assembly drawing of the new valve

Figure 3. Schematic diagram of the test rig drawing



does not exceed 5°C during one hour. The water tempe-
rature is measured using handheld digital thermometer
(EXTECH, 445715) which has a resolution of 0.1°C
and accuracy of ± 1 °C within -10 to 50 °C. The flow co-
efficient, Cv, is assigned by the following equation,
Leephakpreeda [5]:

InQ = InCv + 0.5In ∆p (1)

Where Q is the flow rate, ∆p is the pressure difference
across the valve, Cv is the flow coefficient. Leephakpreeda
[5] assigned flow coefficient, Cv, when the pressure drop
reaches unity makings its logarithmic value zero. Hence,
the logarithmic value of Cv is now equal to the logarithmic
value of the flow rate. In addition, the value of the slope
is equal, theoretically, to 0.5 and the value of the inter-
ception at vertical axis is equal to the logarithmic value
of Cv. The uncertainty of the valve flow coefficient
depends on the flow rate and the static pressure drop
across the valve that does not exceed 4.03%.

3. Results and Discussion

In experiments, the determination of the valve flow
coefficient Cv at the various cross-sectional opening
areas was performed for both annulus and axial valve
portions. The flow coefficient is determined using Eq.1.
The measurement procedure is undertaken to a certain

limit where the measuring point variations are reached
the uncertainty value irrespective to the valve opening.

Figure 4 shows the logarithmic relationship between
the variation of the pressure drop across each valve portion
and the variation of the flow rate passing through it at
fixed openings. It can be seen that the slopes in all cases
are nearly constant and close to the theoretical value of
0.5, Eq.1. According to Leephakpreeda [5], the inter-
section of the lines with the y axis of the plot assigns the
flow coefficient. Therefore, each group of points that is
represented by line is used to assign one value of Cv.

Figures 5 and 6 illustrate the relationship between
the variation of the valve flow coefficient and the valve
opening obtained by Eq. 1 in the two different flow
directions. The annulus portion shows higher flow co-
efficient values when the annulus plug is upstream the
valve seat. This is because the area of the axial valve
rear and its seat perpendicular to the flow direction is
smaller than those at the opposite direction. Also, the
annulus portion behaves as a fast opening valve. It shows
that the axial portion behaves as an equal percentage
characteristic valve, and has the same trend as the ball
valve of Chern et al. [6] up to 80% opening. Beyond
this, the ball valve has higher values of Cv than the axial
portion.
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Figure 4. Relationship between the flow rate and the pressure drop at various annulus Valve portion openings (annulus plug is upstream)



Figures 7 and 8 demonstrate the effect of Reynolds
number on the axial and annulus portion. The selected
Reynolds numbers for this section and for the following
different results investigating its effect are 4.16x104,
6.25x104, 8.33x104, 10.4x104, and 12.5x104. These values
are corresponding to the flow velocity of 1, 1.5, 2, 2.5,
and 3 m/s, respectively. The variation of the performance

type of the two valve portions causes different onsets of
the starting points of Reynolds number curves. These
figures depict a sensible effect of the two lowest Reynolds
numbers on the increase of Cv values for both valve
portions in the two flow directions. However, the higher
values of Reynolds numbers show a diminutive effect
on Cv for all different cases. This is due to the fact that
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Figure 5. Effect of the flow direction on the variation of the annulus portion flow coefficient

Figure 6. Effect of the flow direction on the variation of the axial portion flow coefficient



flow rate is small and consequently the flow coefficient
increases due to small friction losses between the flow
and the valve at especially large openings.

The effect of the pressure loss coefficient for the
annulus portion at various upstream pressures is shown
in Figures 9 and 10, respectively. For axial portion, the
results show that there is a slight effect of the upstream
pressure on the pressure loss coefficient at small valve
openings. In this range, the pressure loss across the
annulus portion is reduced dramatically. Beyond this
range, there is not any significant effect of the upstream

pressure on the pressure loss coefficient of the annulus
portion, even though the direction of the flow is changed.
The pressure loss coefficient curves, in both directions
of the annulus portion up to 40% opening, are very pre-
cipitous compared with those of the axial portion. But
the axial portion curves exhibit a steep trend along the
valve travel from fully closed to fully open.  Furthermore,
the axial portion has the same trend of the ball valve of
Chern et al. [6] but with slightly higher values. Hence,
the axial portion has a higher resistance to the flow
compared with the annulus portion.

Bayomi, Abdel-Maksoud, Nawar, & Heikal / ISESCO Journal of Science and Technology - Volume 9, Number 15 (May 2013) (39-48)

43

Figure 7. Effect of Reynolds number on the variation of the annulus portion flow

coefficient (annulus plus is upstream)

Figure 8. Effect of Reynolds number on the variation of the axial portion flow

coefficient (axial plug is downstream)
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Figure 9. Effect of upstream pressure on the variation of the annulus portion pressure

loss coefficient (annulus plug is upstream)

Figure 10. Effect of upstream pressure on the variation of the axial portion pressure loss

coefficient (axial plug is upstream)

The contribution of the two portions on the valve flow
coefficient is demonstrated from Figures 11 and 12 for
axial portion in the two flow directions. One axial portion
operates from fully closed to fully open position and the
annulus portion is opened a fixed opening of 25%, 50%,
75%, and 100%. Definitely, the maximum flow coefficient
of the valve is affected dramatically by the changes in
the flow direction. Furthermore, Cv increases drastically with

the operation of the two portions together. On the other
hand, the contribution of the annulus portion while the
axial one is kept fully opened is illustrated in Figure 13.
The annulus portion changes its performance from equal
percentage till slight variation with valve opening with
the increase of opening of the axial portion taking the
behavior of ball valve Chern et al. [6].
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Figure 12. Effect of axial portion on the variation of the variation of the valve flow coefficient

(annulus plug is upstream)

Figure 11. Effect of axial portion on the variation of the variation of the valve flow coefficient

(annulus plug is downstream)
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As the interaction between the two valve portions
enhances the valve performance, it also reduces spec-
tacularly the pressure losses through the valve as illus-
trated in Figures 14 and 15. This can be clearly observed

when comparing these results with those of Figures 7

and 8. Consequently, avoiding valve cavitation can be
achieved using the operation of the two valves together. 

Figure 14. Effect of axial portion on the valve pressure loss flow coefficient (annulus plug is

downstream)

Figure 13. Effect of annulus portion on the variation of the variation of the valve flow coefficient

(axial plug is downstream)
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Figure 15. Effect of annulus portion on the variation of the variation of the valve flow coeffi-

cient (axial plug is downstream)

Conclusion

From this work, the following conclusions may be drawn:

1. The present paper introduced a new valve that is composed of two valve portions arranged in parallel confi-
guration. Each valve portion has its own inherent characteristic. This valve achieves an infinite number of
inherent characteristic curves and satisfies different system demands.

2. The upstream pressure has insignificant effect on the valve flow coefficient. Low valves of Reynolds number
increase the flow coefficients for each valve portion when working individually or together.

3. The effect of the flow direction has a dominant effect on the inherent characteristics of the valve due to the
internal design.

4. The interaction between the valve portions increases the flow coefficient and gives an inherent characteristic
band instead of a unique characteristic associated with individual valve portion. Furthermore, this interaction
reduces spectacularly the pressure losses through the valve. Consequently, avoiding valve cavitation can be
achieved using the operation of the two valves together.

5. The results of each portion operating individually and together give the guideline for valve installation and
operation.
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Abstract

T
he experiment was

conducted to study the

growth and development

of pepper (Capsicum an-

num) grown on soil enri-

ched with foliages from

Leucaena leucocephala,

Gmelina arborea, Prosopis

mimosa, Tectona grandis,

Azadiracta indica and Daniella oliverii. Top soil sample

used for the experiment was collected from the Univer-

sity of Ilorin premises. Foliage from the selected tree

species were collected, air dried and pulverized to a

fine texture before mixing with soil. Dry pepper seeds

were sown in the different soil mixture. The experiment

was laid out as a Complete Randomized Design (CRD)

with six treatments replicated thrice. Parameters eva-

luated include: Mean leaf area, Mean plant height and

Mean leaf number. Samples of the air dried soil were

taken before and after planting and used to determine

total nitrogen, available phosphorus, organic matter con-

tent, potassium and soil pH.

Results showed that the

soil enriched with pruning

from Azadiracta indica had

the best performance in

terms of the growth of pep-

per (Capsicum annum) as

shown by the leaf area

(2443.3 cm2), leaf number

(55.0) and plant height

(30.3cm) at 8 weeks after

planting (8WAP). The chemical composition of the soil

also varied significantly among the treatments (P< 0.05)

Prosopis mimosa had the best performance in terms of

the pH amendment (6.6) and potassium content (2.8%)

while Leucaena leucocephala had the best performance

in term of nitrogen content (6.7%) and Organic matter

content (5.4%). Lastly, Daniella oliverii had the best

performance in term of Phosphorus content (8.0). In

conclusion, pruning from Azadiracta indica had the

best performance in terms of the growth of Pepper.

Keywords: Leaf litter, Pruning, Pepper, Soil enrichment.
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1. Introduction

Soil fertility below critical levels is a major constraint
to crop production in the Nigerian savanna. Nutrient
depletion and soil degradation have increased gradually
in this ecological region and have become serious threats
to agricultural productivity in Nigeria. Earlier approaches
to restoring and maintaining soil are no longer viable and
sustainable due to rapid population growth and other
socio-economic problems. High fertilizer costs have also
limited farmers from applying the recommended quan-
tities in balanced proportions (Ange, 1995; Dudal, 2000).
This has resulted in net negative nutrient balance in most
fields. Organic materials have been found to play critical
roles in both long and short term nutrient availability and

maintenance of soil organic matter in small holder
systems in the tropics and represent key materials in
reversing nutrient depletion. Organic amendments (which
include use of multipurpose shrub and tree pruning, green
manures, crop residues and animal wastes) are materials
of plant or animal origin used for improving the fertility
of soils. To maintain production farmers have traditionally
used small amounts of mineral fertilizers (as a mixture)
and a variety of locally derived fertilizers including wood-
land litter, cattle manure, and crop residues with maize
Stover and cow dung being the most important in terms
of availability (Mugwira et al., 2002; Musvoto et al.,
2000). Green manure including legume cover crops and
hedge crops has not been extensively used. The signi-
ficance and agronomic value of organic materials is
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measured by their quality, which is a reflection of their
ability to supply essential plant nutrients. Information
available on quality of organic manure has been found
to vary widely (Uyovbisere and Elemo, 2000; Vanlauwe
et al., 2001). This information is lacking for organic
materials particularly fertilizer trees generated in the
Nigerian savanna, which should have been used for the
development of sustainable soil management strategies
needed for effective utilization of organic manures
(Agbim and Adeoye, 1991; Swift and Palm, 1995; Xie
and Mackenzie, 1986). Hence, this study was aimed at
evaluating the growth and performance of pepper
(Capsicum annum) on soil enriched with pruning from
the selected tree SPP common in the Nigeria savanna.
This will provide information on the quality of the litter
and their potential in supporting the growth of crops
such as pepper.

2. Materials and Methods

The experiment was conducted at the nursery pavilion
of Department of Agronomy, Faculty of Agriculture,
University of Ilorin, in the Southern Guinea Savanna
zone of Nigeria. Top soil used for this experiment was
collected along river Oyun bank in the University of
Ilorin premises. Foliage was collected individually from
six selected tree species of the Nigeria savanna, namely:
Prosopis mimosa, Tectona grandis, Gmelina arborea,
Azadiracta indica, Daniella oliverii, and Leucaena leuco-

cephala. The leaves collected were air dried separately
and pulverized to a fine texture. A total of 18 perforated
plastic buckets of ten litres capacity were filled with soil
sample and prepared leaf litter thoroughly mixed in a
ratio 1: 3. The soil mixture was planted with dry seeds
of Pepper (Capsicum annum) obtained from NIHORT
(Ibadan).

The experiment was laid out as a Complete Rando-
mized Design (CRD) with six treatments and three repli-
cates. The dry seeds of pepper were spread in a germi-
nating chamber lightly covered with soil. The emerged
seedlings were later transplanted into the prepared soil-
litter mixture from the fifth day. The plants were tho-
roughly irrigated except when there was rain. Weeding was
done manually when necessary. Data collection com-
menced two weeks after planting and continued fort-
nightly for eight weeks. The following were parameters
measured and recorded fortnightly: leaf area, number of
leaves/plant and plant height.

Soil analysis

Samples of the air-dried soil were taken to the labo-
ratory before and after planting for the determination of
total nitrogen (Regular Macro Kjeldahi method), phos-
phorus by Bray No .1 method, organic matter content
using the Walkley and Black (1934) and the soil pH (pH
meter mode Kent Eil 7055). The exchangeable cation
which include Ca, Mg, K, Na and (H+ + Al3+) were
extracted with neutral normal ammonium acetate in a
ratio 1:10 of soil to extractant.  The soil suspension was
filtered and made up to 100ml with ammonium acetate.
A flame analyser was used to analyse the filtrate for
potassium (K).

Data collected were analyzed using SPSS package
and significant means were separated using the New
Duncan Multiple range test. 

3. Results

Table 1 showed the results for the mean leaf area of
pepper (Capsicum annum) at 2 weeks interval. The result
indicates that there exist significant differences in the
leaf area of pepper on the different soil mixtures at
(P<0.05). Mean leaf area of pepper 2 weeks after planting
(WAP) ranged from 25.7cm2 to 619.3cm2. It was shown
that Prosopis mimosa treated soil had the least value of
(25.7cm2) while that of Leucaena leucocephala had the
highest value (619.3cm2). Mean leaf area of pepper
4WAP ranged from 25.7cm2 to 738.3cm2. The lowest
value was found in soil treated with Prosopis mimosa

and the highest found in that of Azadiracta indica res-
pectively. It could be observed that the mean leaf area of
pepper 6WAP ranged from 25.6cm2 to 970.0cm2, with
the lowest value (25.6cm) found in Prosopis mimosa

treated soil and the highest found in Azadiracta indica

soil respectively. However, mean leaf area of pepper
8WAP ranged from 25.7cm2 to 2443.3cm2, with soil
treated with Prosopis mimosa having the lowest value
and Azadiracta indica with the highest value respectively.

Table 2 showed the results for the mean leaf number
of pepper at 2 weeks interval. The result indicated that
there exist significant differences in the leaf number of
pepper on the different soil mixtures at (P<0.05. Mean
leaf number of pepper 2WAP ranged from 2.2 to 4.3. It
was shown that soil treated with Tectona grandis had the
least value while Daniella oliverii treated soil had the
highest value respectively. Mean leaf number of pepper
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TABLE 1. Mean leaf area of pepper (Capsicum annum) grown on leaf prunnings of selected

trees species at 2 weeks interval 

318.3 c*

375.7 bc

438.7 b

619.3 a

25.7 d

32.0 d

30.4

25% Azadiracta

+ 75%  Soil

25% Daniella

+ 75% soil

25% Gmelina

+75% soil

25% Leucaena

+75% soil

25% Prosopis

+75% soil

25% Tectona

+75% Soil

S.E

2 WAP

970.0 a

622.7 b

849.0 a

661.0 b

25.7 c

32.0 c

45.0

2443.3a

1190.0 c

1794.0 b

1224.0c

25.7d

32.0d

125.1

6 WAP 8 WAP
Soil mixture

treatment

738.3 a

431.3 c

561.0 b

509.7 bc

25.7 d

32.0 d

36.7

4 WAP

Leaf area of pepper (cm2)

* Values with the same alphabet in the same column are not significantly different at p < 0.05 from
by the New Duncan Multiple Range Test (DMRT)

TABLE 2. Mean leaf number of pepper (Capsicum annum) grown on leaf prunnings of selected

trees species at 2 weeks interval after planting

3.7 ab*

4.3a

4.2 ab

3.5ab

3.3ab

2.2b

0.59

25% Azadiracta

+ 75% Soil

25% Daniella

+ 75% soil

25% Gmelina

+75% soil

25% Leucaena

+75% soil

25% Prosopis

+75% soil

25% Tectona

+75% Soil

S.E

2 WAP

49.0a

7.3b

15.3b

11.3b

3.8b

2.7 b

7.49

55.0a

8.7b

20.5b

14.5b

3.8b

2.7b

5.97

6 WAP 8 WAP
Soil mixture

treatments

15.3a

5.6b

9.5a

6.3b

3.5b

2.7b

2.18

4 WAP

Mean number of leaves/plant

* Values with the same alphabet in the same column are not significantly different from each
other by the Duncan Multiple Range Test (DMRT)
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4WAP ranged from 2.7 to 15.3. The least value was found
in soil treated with Tectona grandis, and the highest value
was found in Azadiraita indica treated soil. It could be
observed that the mean leaf number of pepper 6WAP
ranged from 2.7 to 49.0, with the lowest value (2.7) found
in Tectona grandis and the highest value (19.0) found in
Azadiracta indica. However, mean leaf number of pepper
8WAP ranged from 2.7 to 55.0. It was shown that Tectona

grandis had the lowest value of (2.7), while Azadiracta

indica had the highest value (55.0) respectively.

Table 3 showed the results for the mean plant height
of pepper at 2 weeks interval. The result indicates that
there exist significant differences in plant height of pepper
on the different soil mixtures at (P<0.05). Mean plant
height of pepper 2WAP ranged from 2.7cm to 4.1 cm
respectively. It was shown that Prosopis mimosa had the
least value (2.7cm), while the highest value (4.1cm) was
found in Leucaena leucocephala. Mean plant height of
pepper 4WAP ranged from 3.2cm to 17.5cm respectively
the least value (3.2cm) was found in Prosopis mimosa,
while the highest value (17.5cm) was found in Azadracta

indica. Also, mean plant height of pepper 6WAP ranged
from 3.2cm to 25.7cm respectively, with Prosopis mimosa

having the least value (3.2cm) and Azadiracta indica with

the highest value (25.7cm) respectively. However, mean
plant height of pepper 8WAP ranged from 3.3cm to 30.3
cm respectively, with the least value (3.3cm) found in
Prosopis mimosa, while the highest value (30.3cm) was
found in Azadiracta indica.

Table 4 showed the results for the soil chemical com-
position of plant materials. The result indicates a mean
pH value of 6.1 before planting pepper (before) and 6.7
at 2 weeks after planting (after) implying an increase in
soil basicity. The mean N% value was 6.7 (before) and 3.7
(after) while the organic matter content was 5.9 (before)
and 3.2 (after). Furthermore, K (cmolkg-1) was 3.2
(before) and 2.1 (after) while P (ppm) was 9.1 (before)
and 4.9 after. Analysis of variance between treatments
showed that there exist significant differences in the
chemical composition of soil based on the plant material
used for enrichment.

The results indicate that Prosopis mimosa and Gmelina

arborea recorded the highest pH values of 6.6 and 6.5
respectively, while the least was recorded for Leucaena

leucocephala and Azadiracta indica at 6.1 and 6.4 res-
pectively. It was also found that Leucaena leucocephala

and Daniella oliverii gave the highest N% values of 6.7
and 6.0 respectively, while the least was recorded from

TABLE 3. Mean plant height of pepper (Capsicum annum) grown on leaf prunnings of selected

trees species at 2 weeks interval after planting

3.6 ab*

4.0ab

3.4ab

4.1a

2.7b

3.2ab

0.414

25% Azadiracta

+ 75% Soil

25% Daniella

+ 75% soil

25% Gmelina

+75% soil

25% Leucaena

+75% soil

25% Prosopis

+75% soil

25% Tectona

+75% Soil

S.E

2 WAP

25.7a

9.9b

15.7ab

11.9ab

3.2b

3.8b

4.414

30.3a

13.4b

19.1ab

14.3ab

3.3b

3.8b

5.194

6 WAP 8 WAP
Soil mixture

treatments

17.5a

7.7ab

11.7ab

7.5ab

3.2b

3.6b

3.242

4 WAP

Mean plant height of pepper (cm)

* Values with the same alphabet in the same column are not significantly different from each
other by the Duncan Multiple Range Test (DMRT)
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soil treated with Prosopis mimosa and Tectona grandis

at 4.5 and 3.6 respectively. Organic matter content was
highest for Leucaena leucocephala and Azadiracta indica

treated soils (5.5 and 5.1respectively), while Prosopis

mimosa and Tectona grandis recorded the least values of
3.8 and 3.6 respectively. Furthermore, Prosopis mimosa

and Azadiracta indica treated soil had the highest K
(cmolkg-1) values of 2.8, while the least K (cmolkg-1)
value was recorded by Tectona grandis and Leucaena

leucocephala at 2.4. Finally, for P (ppm) content, Daniella

oliverii and Leucaena leucocephala recorded the highest
values of 8.0 while Tectona grandis recorded the least
value of 4.9.

4. Discussion

Pepper grown on soil treated with Azadiracta indica

was observed to have the highest mean leaf area, mean
leaf number and mean plant height. It could be suggested
that Azadiracta indica with highest organic matter
(Table 4) best support the vegetative growth of Pepper.
This observation is supported by the findings of Igbokwe
et al. (1982) who reported that soil containing high
organic matter content provides the best condition for
seed germination and young plant growth. Igbokwe et al.

(1982) also stated that the use of organic manure appeared

to be one way of maintaining soil fertility and crop pro-
ductivity. Soil treated with Azadiracta indica thus
showed its capacity to support pepper growth at the
seedling stage in term of high photosynthetic capacity.
The high value of mean leaf area, mean leaf number and
mean plant height are indication for high plant produc-
tivity which may lead to high yield. The results of the
chemical analysis of the soil showed that the soil enriched
with pruning from Prosopis mimosa had the highest pH
value of (6.6) and that the soil enriched with pruning
from Leucaena leucocephala had the highest N% content
(6.7) compared to others (Table 4) This may be due to
the fact that Leucaena leucocephala is a leguminous plant
that can argument nitrogen inputs in agro forestry system
though symbiotic nitrogen fixation. Kang et al. (1985)
reported that Leucaena with small lateral roots spreading
out near the surface carry abundant nitrogen fixing
rhizobium nodules capable of fixing up to 500kg N/ha-
1 annually.

The results of the chemical analysis of the soil showed
that the soil enriched with pruning from Leucaena

leucocephala had the highest organic matter content and
the soil enriched with pruning from Prosopis mimosa to
be superior in term of potassium content compared with
others. It was observed that pH ranged from 3.6 to 6.6, pH

TABLE 4. Chemical composition of soil-plant materials

6.4ab*

6.5ab

6.5ab

6.1b

6.6a

6.5ab

0.146

6.1b*

6.7a

0.084

Azadiracta indica

Daniella oliverii

Gmelina aborea

Leucaena leucocephala

Prosopis mimosa

Tectona grandis

S.E

Period of sampling

Before planting

After planting

S.E

pH

5.1a

4.8ab

4.8ab

5.5a

3.8bc

3.6c

0.353

5.9a

3.2b

0.204

2.8a

2.8a

2.6a

2.4a

2.8a

2.4a

0.195

3.2a

2.1b

0.113

Organic

matter %
K(cmolkg-1)Plant Materials/soil

4.7c

6.0ab

5.8b

6.8a

4.5c

3.6d

0.273

6.7a

3.7b

0.157

Nitrogen

%

* Values with the same alphabet in the same column are not significantly different from each other by the
Duncan Multiple Range Test (DMRT)

6.8b

8.0a

7.8a

7.9a

6.7b

4.9c

0.343

9.1a

4.9b

0.198

Phosphorus

(ppm)
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values below 7 are more common in soil solution at least
in humid climate than the higher values (Arthur, 2004)
He stated that pH from 7 to 4 decreases the uptake of the
cations such as Ammonium ions but increases the uptake
of the nitrate ions (Mafongoya, et al., 1998). The high

phosphorus level of the soil enriched with pruning from
Daniella spp may implied that Daniella oliverii is superior
in term of phosphorus recycling compared with the other
five trees species. Probably due to its deep tap root which
is able to draw nutrient at depth inaccessible to others.

Conclusion

Pruning from Azadiracta indica has shown possible potentials to support the growth of pepper and could be
included in agroforestry program particularly to support integrated soil management and reduced dependency on
mineral fertilizer.
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Abstract

T
Three hundred day

old Cobb commercial

broilers were reared up to

32 days of age in a ran-

dom distribution to 5 die-

tary treatments (A, B, C, D

& E), with 15 numbers

having 4 replications in

each fed with market avai-

lable ready feed. Drinking

water was supplemented

with glucose and multivi-

tamin at onset, 4th, 11th, 23rd

and 25th days. Besides, all

the birds were immunized

with ND clone-30 and D-78 at the age of 5th and 11th day

to prevent the Newcastle disease. Birds were medicated

with four dietary additives that are being frequently used

in commercial level, Chlortetracycline(10 gm/kg feed),

Oxytetracycline (0.5 mg/liter water), Enrofloxacin (2.5 ml/

10 liters water) and Doxicycline & Colistin sulphate

(0.5 mg/liter) as per instruction of manufacturing com-

pany at the age from 7 to 24 days for dietary group A

and from 19 to 24 days for B,C & D dietary group while

E was controlled. At the end of the 3rd week (21 Day),

representative medicated birds were slaughtered for

taking samples to analyze the meat quality. In addition,

at the end of trial, some antibiotic withdrawal birds

were randomly selected and slaughtered for the same

purpose. Live weight and

dressed weight, breast,

thigh, wings, heart, liver,

spleen and gizzard weight

were also taken using

electric balance. Proximate

components like DM, CP,

and CF of meat were mea-

sured. The medication had

no significant (P>0.05)

effect on live weight gain

followed by dressed weight

and also for meat cuts in

most cases. Only liver and

gizzard showed the posi-

tive response in weight

gain(gm) to medication(P<0.05). In contrast, 7 days of

withdrawal later, no antimicrobial (P>0.05) reply was

found to live weight gain(g), dressed weight and diffe-

rent cut weight (g). FCR was better in antibiotic groups

in comparison with control group. Among medicated

groups B was found best feed conversion efficiency at

market age both in medication and withdrawal period.

The essence is that proper management can recover the

quality and quantity of chicken meat. Only oxytetracy-

cline (B) may be used (if necessary) for increasing the

breast meat quality (CP) up to the safe period (7 days

of withdrawal) and to prevent the infection.

Keywords: Drug effect, Feed additives, Healthy chicken,

Muscle nutrient.
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1. Introduction

Antibiotics, the chemical substances that can halt the
growth of, and even destroy harmful micro-organisms
are used with a wide spectrum by veterinarians in chickens
to treat bacterial infection, therapeutic, prophylactic or
growth promoting purposes (Fuh and Chu 2003). Sulfo-
namides inhibit bacterial multiplication by acting as

competitive inhibitors of p-aminobenzoic acid in the
folic acid metabolism cycle (Hela et al 2003). A solid
scientific consensus exists that antibiotic overuse in
animal agriculture contributes to antimicrobial resistance
transmitted to human beings if adequate withdrawal times
have not been observed or indecently administered
(WHO/FAO/OIE2003). Other than as a feed additive for
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growth promotion, antibiotics are also given to poultry
in the treatment of illness such as chronic enteritis and
chronic respiratory disease, which often affect broiler
chickens at an early age. As a consequence of extensive
use, great attention has been paid to the potential human
health risk owing to their carcinogenic potency and pos-
sible antibiotic resistance (Shao et al 2005). If consumed
on a regular basis, these meat products containing anti-
biotic residues may cause antimicrobial resistance in
humans. Not only can humans become resistant, but
also antibiotic residues in meat can also cause immuno-
pathogenic reaction (hypersensitivity) and can have a
teratogenic effect on embryos in the early stages of
pregnancy (Risch 2002).

The wide use of antibiotics for growth promotion,
treatment of illness and meat preservation leaves residues
in poultry meat products. However, to ensure the safe
food maintaining the maximum residue limit (MRL)
0.1µg/g by European Union Regulation (1990) to the
ever rising people in Bangladesh is a big challenge.
Poultry meat consumption per capita per year 5.9kg and
chicken contributes 51% of total meat production of the
country (MOFL 2006). Farmers have the false idea that
antibiotics are responsible for producing high-quality
meat products with less fat and higher levels of protein
at an affordable price for consumers. Consequently,
farmers intensively add antibiotic growth promoters to
the birds' feed and drinking water, with the intention of
controlling the numbers of undesirable bacteria in their
gastro-intestinal tract and absorb more nutrients as well.
This work was done keeping in view that the broiler
response and the variation of nutrients of meat give
guidelines about safe broiler meat consumption prohi-
biting the wide use of antibiotic for broiler rearing.

2. Materials and method

The experiment was conducted with three hundred
day old Cobb commercial broilers up to 32 days of age
in well prepared experimental broiler rearing shed. The
chicks were distributed to 5 dietary treatments with 15
numbers having 4 replications in each. 20 pens (120cm
x120cm) were used for experimental purpose while they
are fed with market available ready feed (Quality Pvt.
Ltd.). At the onset of the trail, drinking water was supple-
mented with glucose and vitamin C for 3 consecutive
days and thereafter multivitamin was fed at 4 days of
age. Besides, all the birds were immunized with ND
clone-30 at the age of 5 to prevent the Newcastle disease.
3 successive days from 5 to 8 days the birds were medi-
cated with Enrocin and multivitamins to reduce the stress.
The supplied feed was supplemented at the end of starter
period, 10 days mash feed. At the initial stage of grower
period, 11th day, the chicks were vaccinated once again
with D-78 and also given multivitamin spontaneous 3
days later and last 23rd to 25th days as well. Feed and
water were supplied ad libitum up to the end of expe-
riment. Birds were medicated with four dietary addi-
tives (A, B, C, D) that are being frequently used in com-
mercial level, Chlortetracycline(10 gm/kg feed), Oxyte-
tracycline (0.5 mg / liter water), Enrofloxacin(2.5 ml /
10 liters water) and Doxicycline & Colistin sulphate
(0.5 mg/liter) as per instruction of manufacturing com-
pany at the age of from 7 to 24 days for dietary group A,
from 19 to 24 days for B, C & D dietary group. Mean-
while, E was reared as control one without any antibiotic.
Body weight and feed consumption were recorded weekly.

At the end of the 3rd week (21 Day) representative
birds were slaughtered from each replication for taking

15

15

15

15

15

A

B

C

D

E

Grand total

R1

15

15

15

15

15

15

15

15

15

15

60

60

60

60

60

300

R3 R4

Treatments

15

15

15

15

15

R2

Replications

* Values with the same alphabet in the same column are not significantly different at p < 0.05 from by
the New Duncan Multiple Range Test (DMRT)

Total
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samples to analyze the meat quality. In addition, at the
end of trial, some birds were randomly selected and
slaughtered for the same purpose. Feed was withdrawn
10 hours before processing. Before and after processing
live weight and dressed weight were recorded. Likewise,
breast, thigh, wings, heart, liver, spleen and gizzard
weight were also taken using electric balance. DM,
Moisture level, Organic matter, Inorganic matter CP,
CF, NFE, EE of the broiler meat were measured. Data
were analyzed separately by ANOVA following a com-
pletely randomized design using SAS statistical program.

3. Results and discussion

Table 1 represents the live weight and dress yield
during antibiotic period of the dietary group A, B, C &
D and the control E. It is clearly visible that the antibiotic
free group E had the lowest body weight (P = 0.31) in
comparison to other four antibiotic groups A, B, C & D
insignificantly. Among the antibiotic groups, the best
performance showing group was B followed by C while
A and D were almost similar in trend having the lowest
position. In case of dressed weight, the opponent figure
was found (P = 0.69). The biggest dressed weight was
harvested from the control group than that of all treated
groups, probably due to drug effect on blood or other
inedible parts (viscera) grew higher in rate. Meanwhile,
there were no statistical differences found among the
treated groups, although C & D were rather better than
that of A& B. The most valuable part breast weight
reached in the best in position for C & D additive groups.

On the other hand, the response of group A & B as  more
or less the same contrasting in figures with control, the
poorest one. So, it is clear that antibiotic improved the
breast meat weight notably and among the 4 antibiotics,
the effect of Doxicycline & Colistin Sulphate (D) and
Enrofloxacin (C) as better than that of Chlortetracycline
(A) and Oxytetracycline(B). For thigh and liver weight
significant (p<0.05) differences were found between
antibiotics and control group except thigh weight in
treated group B, which was similar with the control
group. However, perceptible differences (p<0.01) were
found for the gizzard weight among the antibiotic and
antibiotic free groups except treated group D. Likewise,
in case of wing weight, the treated groups showed a bit
better performance than that of the control E.

After withdrawal of antibiotic (Table 2), no conside-
rable differences were found between the control and
treated groups. Moreover, antibiotic showed the better
performance for all groups except A that was the same
as with group E. Similar trend was found in case of
dressed weight. Group C performed well than others. In
addition, group C continued its performance for breast,
liver and gizzard weight. Unlike the A, other three groups
B, D, & E showed almost the same performance. Whilst,
for thigh weight, group A gave the lowest figure but B,
C, D, & E were higher in position insignificantly (P=0.26).
The same trend was observed in group A before and
after withdrawal of antibiotic, showing the lowest response
among the other dietary groups. However, Enrofloxacin
(C group) responded remarkably in broiler meat yield.

TABLE 1. Live weight, dressed weight and different body parts among different dietary groups during antibiotic period

1188

844

276

143

53.8

85

65 a

1250

873

268

119

50

77.5

65 a

1238

910

293

141

52.5

85

65 a

1175

913

298

135

51.3

92.5

46.3 b

1049

946

243

113

43.8

72.5

42.5 b

61.1

46.8

18.2

10.3

2.87

6.96

1.54

0.31

0.69

0.38

0.20

0.42

0.39

P<0.01

Live wt. (gm)

Dressed wt.(gm)

Breast meat wt.(gm)

Thigh wt.(gm)

Liver wt.(gm)

Wing wt.(gm)

Gizzard wt.(gm)

A C D E
Parameters

B

Dietary Treatment

A: Chlortetracycline (10 gm/20kg feed for 7-24 days); B:Oxytetracycline (0.5 mg/liter water for 19-24 days); C: enrofloxacin
(2. 5 ml/10 liters water for 19-24 days); D: doxicycline & colistin sulphate (0.5 mg/liter water for 19-24 days); E: control
a,b,c Means in the same columns for each parameter with different superscript are different at P<0.05
SEM: standard error of the means.

SEM P
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Table 3 indicates the growth rate up to the end of the
experiment. Long antibiotic group A (Chlortetracycline)
showed very poor performance. Unlike the A, groups B,
C and D (Oxytetracycline, Enrofloxacin and Doxicycline
& Colistin sulphate) were applied at the end of the 3rd

week to 4th week, birds respond spontaneously and posi-
tively. Birds of group E having no antibiotic performed
better to compare with group A taking antibiotic at least
3 weeks. So it is clear that long term antibiotic is less
effective. Meanwhile, this experiment was evidence for
another key information that application of antibiotic with
water is more fruitful than that with feed. The sudden
response may be explained by the fact that antibiotic is
directly absorbed with drinking water more than with

feed. Ciprofloxacin, Enrofloxacin, norfloxacin, flume-
quine, nalidixic acid and oxolinic acid are the fluoroqui-
nolones/quinolones frequently applied to treat the diseases
of treat gonorrhoea, bacterial gastroenteritis, skin and
soft tissue infections, complicated and uncomplicated
urinary tract infections caused by gram positive and gram
negative organisms (Katrizky and Boulton1968).

Oxytetracycline (OTC) is commonly used in livestock
and poultry for prevention and treatment of various
diseases. However, the use of this compound may result
in residues in animal derived food products, especially if
withdrawal times are not observed. These residues may
pose a health threat to consumers, depending on the type

TABLE 2. Live weight, dressed weight and different body parts among different dietary groups after antibiotic with-

drawal period.

1475

1078

285

133

32.5c

100

42.5

1525

1144

358

160

50a

115

45

1600

1205

413

168

52.5a

100

56.3

1550

1146

373

170

45b

113

47.5

1475

1083

375

168

51.3a

103

40

86.1

73.5

36.5

12.7

3.10

4.93

3.50

0.83

0.74

0.41

0.26

P<0.01

0.21

0.11

Live wt. (gm)

Dressed wt.(gm)

Breast meat wt.(gm)

Thigh wt.(gm)

Liver wt.(gm)

Wing wt.(gm)

Gizzard wt.(gm)

A C D E
Parameters

B

Dietary Treatment

A: Chlortetracycline (10 gm/20kg feed for 7-24 days); B: Oxytetracycline (0.5 mg/liter water for 19-24 days); C: enrofloxacin
(2.5 ml/10 liters water for 19-24 days); D: doxicycline & colistin sulphate (0.5 mg/liter water for 19-24 days); E: control
a,b,c Means in the same columns for each parameter with different superscript are different at P<0.05
SEM: standard error of the means.

SEM P

TABLE 3. Weekly Body weight (gm/bird) change among different dietary groups pre and post antibiotic withdrawal

period.

190

453

963

1456

190

485

955

1482

191

468

965

1516

186

473

930

1464

191

483

943

1456

2.87

10.3

16.6

21.5

0.82

0.26

0.65

0.33

1st

2nd

3rd

4th

A C D E

Weekly body weight

(g/d)
B

Dietary Treatment

A: Chlortetracycline (10 gm/20kg feed for 7-24 days); B: Oxytetracycline (0.5 mg/liter water for 19-24 days); C: enrofloxacin
(2.5 ml/10 liters water for 19-24 days); D: doxicycline & colistin sulphate (0.5 mg/liter water for 19-24 days); E: control
a,b,c Means in the same columns for each parameter with different superscript are different at P<0.05
SEM: standard error of the means.

SEM P
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of food and the amount of residue present. The acceptable
Maximum Residue Limit (MRL) for OTC as recommended
by the joint FAO/WHO Expert Committee on Food
Additives (1999) is 0.2, 0.6 and 1.2 µg/g for meat, liver
and kidney respectively. OTC residues that exceed the
tolerance level may be of toxicological concern. Human
health problems resulting from intake of subchronic
exposure levels of oxytetracycline include gastrointestinal
disturbances (Baker and Leyland, 1983), teratogenic risk
to the fetus, allergic reactions (Schenk and Collery 1998)
and development of resistant pathogens for human and
animals (Bogaard and Stobberibgh 2000). Tetracyclines
in meat may potentially stain the teeth of young children
(Walton et al 1994).

Microbial resistance to antibiotics is a worldwide
problem in human and veterinary medicine. It is generally
accepted that the main risk factor for the increase in
antibiotic resistance is an extensive use of antibiotics.
This has led to the emergence and dissemination of
resistant bacteria and resistance genes in animals and
humans. In both populations antibiotics are used for
therapy and prophylaxis of infectious diseases. The main
sector of resistance-increasing medicine usage, with
regard to human health, lies within the health care sector.
The antimicrobial agents used in animal care are also
significant, not only in increasing the resistance in ani-
mal pathogen, but also in bacteria transmitted from ani-
mals to humans (Boggard and Stobberingh 2000).

TABLE 4. Weekly Feed intake (gm/bird) change among different dietary groups in pre and post antibiotic withdrawal

period.

190

428

859

1160

190

450

868

1155

191

436

853

1176

185

435

840

1133

193

444

833

1128

3.50

7.76

11.5

22.2

0.68

0.36

0.36

0.65

1st week

2nd week

3rd week

4th week

A C D E

Feed intake

(g/bird)
B

Dietary Treatment

A: Chlortetracycline (10 gm/20kg feed for 7-24 days); B: Oxytetracycline (0.5 mg/liter water for 19-24 days); C: Enrofloxacin
(2.5 ml/10 liters water for 19-24 days); D: Doxicycline & colistin sulphate (0.5 mg/liter water for 19-24 days); E: Control
a,b,c Means in the same columns for each parameter with different superscript are different at P<0.05
SEM: standard error of the means.

SEM P

TABLE 5. FCR among different dietary groups of broiler during the whole period of

trial (Before, during and after withdrawal period of antibiotic).

1:1

1:1.36

1:1.53

1:1.81

1:1

1:1.32

1:1.57

1:1.72

1:1

1:1.34

1:1.53

1:1.75

1:99

1:1.31

1:1.54

1:1.77

1:1

1:1.30

1:1.55

1:1.78

1st

2nd

3rd

4th

A C D E
Week

B

Dietary group

A: Chlortetracycline (10 gm/20kg feed for 7-24 days); B: Oxytetracycline (0.5 mg/liter water
for 19-24 days); C: Enrofloxacin (2.5 ml/10 liters water for 19-24 days); D: Doxicycline &
colistin sulphate (0.5 mg/liter water for 19-24 days); E: Control
a,b,c Means in the same columns for each parameter with different superscript are different
at P<0.05
SEM: standard error of the means.

Table 4 indicates that antibiotic treated birds showed the higher appetite.
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Early antibiotic taking group took more feed but feed
conversion efficiency was low (Table 4). Among the late
additive(antibiotic) taking groups (B, C & D); C was the
rich feeder group countered in the highest body growth,
much dressed weight and more weighty beast meat and
quality meat offal as well. Table 5 is the apex evaluation
in terms of economic point of view, feed conversion
efficiency (FCR). At the initial stage, FCR trends were
in equilibrium for all groups whilst a bit difference were
noticed  between antibiotic (A) and the non-antibiotic
groups B, C, D and E before 19th days of age (Table 5).
Lower FCR was in antibiotic treated group A. The reason
may be the drug stress which was recovered at 3rd week
of age showed the highest feed efficiency while groups
B, C, D were in antibiotic adaptation stress reflected the
result, the lower performance. However, at last week
(4th), B, C, D gave the better performance than that of

group A and control E. It means that the drug has the
sudden effect on performance of broiler.

Table 6 reflects the meat nutrient composition of
different parts of the carcass among growth promoter
groups and without group. Some antibiotic have
positive effect in increasing the DM of breast meat
content especially for B and D (Oxytetracycline;
Doxicline & colistin). The response of B to breast meat
quality (DM, CP, EE &TA) was the best in comparison
with others. Although group D was lagging behind,
groups A and C had no major effect except for EE & TA
concentration in few cases. In thigh muscle, antibiotic
had no possible effect on DM content while the control
showed the significant DM content. Among the treated
groups, D had the best effect. More or less the same
effect was seen in case of thigh CP. It also had the
effective response equivalent to the control in increasing

TABLE 6. Chemical composition of antibiotic treated chicken meat before withdrawal period

25.7b

74.3a

20.3c

1.56a

1.1a

25.2e

74.9a

19.1c

178c

0.96b

27.4bc

72.6ab

14.7c

1.57c

1.27a

28.7a

71.3b

22.9a

1.58a

1.06a

26.2d

73.9b

19.4c

2.17a

1.16a

29.8a

70.3c

16.5a

1.86ab

1.21ab

26.3b

73.7a

21.3bc

1.30b

0.92b

27.5c

72.5c

21.1b

1.68c

1.08ab

28.2b

71.8b

15.5b

2.06a

1.18ab

28.6a

71.4b

21.8ab

1.4ab

1.11a

29.5b

70.5d

21.5a

1.95b

1.06ab

26.5c

73.5a

14.1c

1.63bc

1.05b

26.6b

73.4a

21.5b

1.38ab

0.97b

30.8a

69.2e

21.7a

1.77c

1.16a

28.5b

71.6b

15.6b

2.08a

1.35a

0.57

0.57

0.36

0.07

0.02

0.34

0.34

0.11

0.04

0.05

0.39

0.39

0.24

0.08

0.06

P<0.01

P<0.01

P<0.01

P<0.05

P<0.01

P<0.01

P<0.01

P<0.01

P<0.01

P<0.05

P<0.01

P<0.01

P<0.01

P<0.01

P<0.05

A C D E
Parameter

B

Treatment

DM: dry matter; CP: crude protein; CF: crude fiber; NFE: nitrogen free extract; EE: ether extract; TA: total ash. A: chlortetra-
cycline (10 gm/20kg feed for 7-24 days); B: Oxytetracycline (0.5 mg/liter water for 19-24 days); C: enrofloxacin (2.5 ml/10
liters water for 19-24 days); D: doxicycline & colistin sulphate (0.5 mg/ liter water for 19-24 days); E: control
a,b,c Means in the same columns for each parameter with different superscript are different at P<0.05
SEM: standard error of the means.

SEM P

Breast

DM

Moisture

CP

EE

TA

Thigh

DM

Moisture

CP

EE

TA

Liver

DM

Moisture

CP

EE

TA
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the CP than that of other groups. Thigh muscle had no
improvement except EE concentration in treated groups
over the control group. For increasing the food value of
liver, oxytetracycline (B) worked a great deal in compa-
rison with other treatments. It is clear that B was sup-
posed to have the best positive effect on the whole meat
composition.

After 7 days of treatment withdrawal period, the
breast meat quality of treatment B also showed the
highest value for DM, CP &TA in contrast with other
treated groups. CP of thigh muscle was similar among
C, D& control group E but only C was significantly
different among the treated groups. At the chemical
factory, liver had the same position in relation to DM &
CP composition of all groups. In case of EE & TA,
group B showed the better condition but not exceed the
control E.

The above table 6&7 clearly shows that antibiotic as
growth prompter had no tremendous effect on carcass
quality and that long-term usage of antibiotics may
reduce both the performance of broiler and meat quality,
which may be owing to adaptation of antibiotic sensi-
tivity. The ever-increasing use of quinolones, fluoroqui-
nolones in poultry industry has caused their residual
deposition in the poultry products resulting in the drug
resistant bacteria. It has become a matter of foremost
importance to screen the poultry birds of these residual
antibiotics, down to the safer MRL's (Maximum Residue
Limits) set by international forum (Rose et al 1998, EEC
1990, EEC 1993)

The antibacterial effect is no longer good as drug
resistant bacteria have evolved (Horie et al 1992). The
poultry birds are treated with antibiotics at high stocking
density, which inhibit the DNA gyrase formation

TABLE 7. Chemical composition of antibiotic treated chicken meat before withdrawal period

27.9ab

72.1bc

22.2b

1.52

1.07ab

27.6b

72.4a

20.2b

2.68a

0.98b

28.6

71.7

16.1

2.03ab

1.2ab

28.1a

71.9c

23.3a

0.77

1.16a

26.1b

73.9a

20.5b

1.18b

1.05ab

27.4

72.6

15

2.57a

1.17ab

25.5c

74.5a

20.6c

1.63

1.06ab

30.5a

69.5b

22.7a

2.20ab

1.06ab

28.4

71.6

15.5

2.14ab

1.29a

26.9abc

73.1abc

21.9b

1.31

1.19a

27.9b

72.1a

21.2ab

2.43ab

0.92b

30.3

69.9

16.3

1.80b

1.01b

26.3bc

73.8ab

21.6bc

1.37

0.98b

30.8a

69.2b

22ab

1.76ab

1.16a

28.8

71.2

15.6

2.26ab

1.33a

0.51

0.51

0.32

0.28

0.04

0.67

0.67

0.61

0.41

0.05

1.59

1.64

0.73

0.17

0.07

P<0.05

P<0.05

P<0.01

P=0.21

P<0.05

P<0.01

P<0.01

P<0.05

P<0.05

P<0.05

P=0.81

P=0.81

P=0.74

P<0.05

P<0.05

A C D E
Parameter

B

Treatment

DM: dry matter; CP: crude protein; CF: crude fiber; NFE: nitrogen free extract; EE: ether extract; TA: total ash. A: chlortetra-
cycline (10 gm/20kg feed for 7-24 days); B: Oxytetracycline (0.5 mg/liter water for 19-24 days); C: enrofloxacin (2.5 ml/10
liters water for 19-24 days); D: doxicycline & colistin sulphate (0.5 mg/liter water for 19-24 days); E: control
a,b,c Means in the same columns for each parameter with different superscript are different at P<0.05
SEM: standard error of the means.

SEM P

Breast

DM

Moisture

CP

EE

TA

Thigh

DM

Moisture

CP

EE

TA

Liver

DM

Moisture

CP

EE

TA
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(Yorkeand Froc2000 and Gigosos et al 2000). The results
evidence that the antibiotic has no too much positive
effect on increasing the nutrient level. However, only
oxytetracycline may be used (if necessary) for fortifying

the breast meat quality (CP concentration) and could be
continued up to the same period (7 days of withdrawal)
to prevent the infection.

Conclusion

Antibiotic overuse in animal agriculture contributes to antimicrobial resistance transmitted to humans if ade-
quate withdrawal times have not been observed or indecently administered. Other than as a feed additive for growth
promotion, antibiotics are also given to poultry in the treatment of illness such as chronic enteritis and chronic respi-
ratory disease, which often affect broiler chicks at an early age. Long use neither increase the efficiency of bird nor
meat quality and consequently transmit the disease resistance organism and drug residue to human health.
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Abstract

I
n this paper, the hydro-

geology of Ardabil plain

has been investigated. The

hydrogeologic properties

of the study area were

investigated based on geo-

physical, geological, water

level and pumping test data.

Also 65 wells were sampled

and analyzed for hydroche-

mical investigation. Physi-

cal and chemical charac-

teristics of groundwater

such as temperature, EC, pH, TDS, Na+, K+, Mg2+,

Ca2+, HCO3
-, SO4

2-, Cl- and CO3
2- were determined.

Hydrochemical studies indicated that geological units

have the greatest effect on the groundwater quality in

this plain. According to the results obtained, the Ardabil

plain has two aquifers, which one of them is located on

top of the other. The upper

aquifer is multi-layer with

varying thickness (20 to

40 m) across the plain and

is extracted for different

kind of water supply. The

number of penetrating wells

to the lower aquifer is very

low and may not be extra-

cted because of its poor

water quality. General di-

rection of groundwater

flow is from other direc-

tions to the north-west of

the plain. The estimated

hydraulic parameters of transmissivity and specific

yield varies spatially from 50 to 2200 (m2/day) and

0/021 to 0.14, respectively.

Keywords: Ardabil Plain aquifer, Groundwater quality,

Hydrodynamic parameters, Hydrogeology.
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1. Introduction

The Ardabil plain aquifer is located northwest of Iran

in the province of Ardabil. The region experiences

pleasant summer and relatively long winters with average

annual precipitation of about 300 mm. Rivers that drain

the Ardabil plain consist of Balikhli-chay, Qara-chay and

Qara-su which are non-perennial in nature. The Balikhli-

chay and Qara-chay join the Qara-su in the north part of

the plain. Figure 1 shows the location of Ardabil plain.

The importance of the appropriate utilization and

protection of the groundwater has gradually become

known to the world (Xiu-yuan et al., 2009). Sustainable

management of groundwater resources in underdeveloped

regions is one of the essential objectives for the future

(Mende et al., 2007).

According to the census 2011, approximately 564 000
people live in Ardabil plain inhabiting 2 major cities and
88 villages (Statistical Center of Iran, 2011). Agriculture
is the main occupation of people in this area. Since 1980,
the rapid expansion of Ardabil city, intense agricultural
and somewhat industrial activities have put stress on
Ardabil plain aquifer. 

According to Ardabil Regional Watercorp reports, the
average use of drinking, industrial and agricultural water
in Ardabil plain is about 26,4 and 177 (million m3/y)
respectively, which accounts for 89% of total water
demand is supplied by groundwater and the remaining
11% is obtained from surface water. 2 622 active pumping
wells, 36 qanats and 77 springs operate in the Ardabil plain.

The rapid increase in the water demand has led to
large-scale groundwater developments in this plain, and
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intense extraction of groundwater has caused water table
to decline as much as 12 m during the past 25 years in
Ardabil plain.

The environmental problems associated with the
declination of groundwater level are: formation and
expansion of depression cones, increased pumping lift

and pumping cost, deterioration of the quality of pumped
groundwater and land subsidence (Gong et al., 2000).

The annual average of water level which produced
using Theissen polygons for monitoring wells has been
plotted in Figure 2. The fluctuations and continuous dec-
line of groundwater level are clearly shown in this figure.

Figure 1. Location of the Ardabil plain

Figure 2. Average long term groundwater variation of Ardabil plain
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It is important to identify the hydrogeologic and
hydrogeochemistry properties of groundwater for mana-
gement of the aquifer, and it is a base for next studies
(Umar et al., 2001). With regard to the management of
groundwater resources, many studies have been done to
realize hydrological framework such as Bachman et al.

(2002), Umar et al. (2001), Arthure et al. (2008), Ayenew
et al. (2008).

Because no such important studies have been con-
ducted for this area, the aim of this investigation is to
present hydrogeological overview of the Ardabil aquifer
plain. In order to determine the hydrogeology characte-
ristics of the plain, the quantity and quality properties
were provided in this study.

2.Results and discussion

2.1. Geology

The Ardabil plain is surrounded by elevations which
are parts of Alborz Mountains. In the eastern and central
parts of Alborz Mountains, green tuff facies of Eocene
age are associated with volcanic rocks, while in the
Ardabil area, volcanic rocks are dominant and green tuff
is less. In the study area Cenozoic formations have been
folded, and older formations just in north of the region
may be found. The geological map of the Ardabil area is
shown in Figure 3.

Igneous rocks and pyroclastic rocks are associated
with volcanic activity in Sabalan Mountain during the
Quaternary period. Igneous rocks are including andesitic
lava, have useful fractures and play a major role in the
recharge the alluvial aquifer of Ardabil plain. Pyroclastic
rocks consist of a sequence of pumice and Puns and
brecciate lava with the extent of about 340 square kilo-
meters. These formations are located southwest of the
plain and they are not very effective, or they have very
little effect on aquifers recharge.

Carbonate Rocks, including Rift-calcareous rocks,
are exposed in the northern plain. Travertine is another
type of carbonate rocks that are located in the south-
western Ardabil plain. These rocks, due to lack of frac-
tures and joints, have a low ability in transfer of water.
So they have little effects on plain recharge. Their extent
is about 111 square kilometers.

Marls and sandstones of Neogene age are composed
of marl, silt stone and brown to gray conglomerate. These
rocks, with an extent of about 380 kms, are located in
southwestern Ardabil plain. Existence of thin evaporated
layers in this formation deteriorates groundwater quality.
They have little effects on plain recharge too.

Non-carbonate rocks consist of weakly cemented
volcanic pieces and conglomerate formations have formed
in late Tertiary and in the Northeast of the plain. They
are fully effective in aquifers recharge.

Figure 3. Geological map of the Ardabil
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In the west plain of Ardabil, outcrops of non-carbonate
rocks and conglomerate are exposed about 430 square
kilometers. These formations, due to the abundant springs,
originate from the Sabalan Mountain, are very effective
in Ardabil plain aquifer recharge. The role of these rock
units on the recharge of the aquifer is shown in Figure 4.

Apart from rock units, Quaternary deposits have origi-
nated from alteration of heights around the Ardabil plain.
These deposits are divided into two parts: the first part,
which is named old terraces, has an extent of about 880
km2, comprising the terraces and fans along the margin
of the plain. The second part, which is named young
terraces, makes up the major part of aquifers, and its extent
is about 1200 km2. The old and young terraces are the
places with low and high recharge in the plain respectively.

2.2. Hydrogeology

Aquifer system

Investigations of geophysical studies, pumping test
data and drilling logs provide good information about
the structure of the aquifer system. Based on the results
of these studies, the aquifer is composed of different
ratios of clay, sand and gravel and it can be divided to
two aquifers (Figure 5).

The thickness of the upper aquifer is about 20 to 40
meters in different places. The upper aquifer is multi-
layered and unconfined, whereas in the central part of
the plain shows evidence of confined status. The high
permeable layers of this aquifer are hydraulically
connected to each other laterally. Therefore, separating
the parts of confined or unconfined does not seem an
appropriate action. Most of extraction wells have been
drilled in the upper aquifer, while few of them have
penetrated the lower aquifer (occurs at a depth of 110-
130 to 220 m). 

Thickness of the alluvium is decreased generally
from east to west. High thickness layer of coarse grain
alluvium as well as saturated zone is located in the east
and southeast of the plain. Maximum measured
thickness of alluvium is about 220 meters. The aquifer
material in this section is mainly composed of gravel,
sand and a little amount of clay.  The isopach map of
this area is shown in Figure 6.

Figure 4. Partitioning of the rock units base on the recharging

potential of the plain aquifer

Figure 5. Fence diagram of Alluvium layer0,3
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The piezometric data was applied for detection of the
hydraulic head and groundwater flow direction. The
hydraulic heads data were obtained from Ardabil
Regional Watercorp.

The altitude of the water table in the study area varies
from 1308 m to 1529 m above the mean sea level; and
according to the piezometric contour map, the general
direction of groundwater flow is from other directions
to the north-west of the plain (Figure 7).

2.3. Hydraulic properties

To determine aquifer hydraulic parameters, draw-
down is measured during a pumping test in observation
wells with defined distances from wells that are pumped
at constant rates (Todd and Mays, 2005). The hydraulic
parameters, consisting of specific yield (Sy) and trans-
missivity (T), were estimated using time-drawdown data
from eight pumping and observation wells. Pumping
wells that didn't have observation well were used only for
obtaining transmissivity (T). The T of the upper aquifer
varies between 50 and 2200 m2/day and the Sy ranges
from 0.021 to 0.14. Obtaining hydraulic parameters of
lower aquifer is not possible, because there is not pene-
trating wells to it. Figure 8 shows the transmissivity
contour map of the upper aquifer.

2.4. Groundwater chemistry

The hydrochemistry of groundwater in a region is
largely determined by both the natural processes, and the
anthropogenic activities, which can alter these systems
by contaminating them or by modifying the hydrological
cycle (Singh et al., 2007).

For investigation of hydrochemistry status, sampling
sites were selected with convenient spatial distribution
to cover the study area, for sampling represents the
characteristics the groundwater. The location of sampling
points is shown in Figure 9.

The samples collected in poly ethylene bottles were
immediately transported to the laboratory under standard

Figure 6. Isopach map of Ardabil alluvial plain

Figure 7. Contour map of water table in the Ardabil plain aquifer

Figure 8. Transmissivity contour map of the upper aquifer
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conditions for quality analysis. Two samples were
collected from each well (Schwartz and Zhang, 2003;
APHA, 1998).

A total of 65 wells were sampled for chemical ana-
lyses. Each sample was analyzed for the parameters such
as pH, electrical conductivity (EC), bicarbonate (HCO3

-),
carbonate (CO3

2-), chloride (Cl-), sulfate (SO4
2-), calcium

(Ca2+), magnesium (Mg2+), sodium (Na+), potassium
(K+), nitrate (NO3

-) and Total hardness (TH) which was
calculated from the samples. A statistical summary of
chemical parameters from the groundwater samples is
presented in Table 1.

EC: electrical conductivity, TDS: total dissolved solids and TH:
total hardness

Here we used the graphics, as a basic tool in hydro
chemical studies, for summarizing and presenting water-
quality data (Figure 9). A useful diagram for primary
characterization of the chemical types of water and iden-
tification of the dominant types is piper diagram (Piper,
1944; Zaporozec, 1972; Hounslow, 1995). Samples were
classified according to types with purposed templates
by Back (1961). Based on the major cation and anion,
six water types (i.e. Ca-HCO, Na-HCO3, Ca-SO4, Na-
SO4, Ca-Cl, Na-Cl) are found in the study area. The
groundwater types are presented in Figure 10.

In general, as we can see in Figure 10, groundwater
chemical evolution, from bicarbonate type to Na-Cl
type, has occurred along the groundwater flow system.
In terms of anions, almost all waters of the eastern and
western plain are dominated by bicarbonate.

The water types of samples 27, 62 and 54 are different
from the neighboring sites. The increase in the salinity
of these samples may be interpreted as an upcoming of
the lower aquifer. In the southern and northern parts of
Ardabil plain, although they are areas of recharge, Na-Cl
water type is observed. These parts of the aquifer which
have a high concentration of sodium and chloride (poor
chemical quality) are contacted directly with evaporated
deposits.

TABLE 1. Summary statistics of the analytical data and

groundwater samples of the study area

EC

T.D.S

pH

TH

Ca

Mg

Na

K

HCO3

CO3

Cl

SO4

µ mho/cm

Mg/l

-

Mg/l

Mg/l

Mg/l

Mg/l

Mg/l

Mg/l

Mg/l

Mg/l

Mg/l

300

227

7.32

56.04

0.64

0.49

0.35

0.01

1.64

0

0.23

0.13

7150

3909

8.91

2762.07

32.88

22.68

17.41

0.75

16.72

0

33.79

29.17

1371.74

957.66

8.34

459.6

5.82

3.42

4.58

0.14

5.01

0

4.41

4.74

1276.25

779.06

0.34

502.3

6.07

4.16

3.64

0.17

2.48

0

5.82

6.76

Parameter Units Min Max Average
Standard

deviation

Figure 9. Piper diagram of groundwater in the study area

Figure 10. Zonation of water type in the study area
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Conclusion

Ardabil plain is a part of the Aras River basin, which is surrounded by mountains and has only one outlet in the
north-west of the area. 

Ardabil plain alluvial aquifer has two layers, including upper and lower aquifers. Most of the wells have drilled
in the upper aquifer, and a few in lower aquifer.

Decrease in groundwater quality and land subsidence occurred in the plain, in result of intense drawdown of the
water table due to over draft.

Maximum and minimum amount of transmissivity is 2200 m2/d in the central parts of the plain and 50 m2/d in
the western margin of the plain. Specific yield of the aquifer varies from 0.021 to 0.14, and maximum thickness of
alluvial is 220 m in the south-eastern part of the plain.

From hydrochemical points of view, groundwater shows six different water types in which carbonate type is pre-
dominant. Ion exchange process in the Miocene formations lead to increase of the water salinity in the north-south
direction.

[1] APHA (American Public Health Association), Standard method for the
examination of water and wastewater, 17th edition, (Washington, DC), 1998.

[2] Ayenew, T., Demlie, M., Wohnlich, S., Hydrogeological framework and
occurrence of groundwater in the Etiopian aquifers, Journal of African
Earth Sciences, 52: 97-113, 2008.

[3] Bachman, L.J., Krantz, D.E., Böhlke, J., Hydrogeologic framework,
Ground-Water geochemistry, and assessment of nitrogen yield from base
flow in two agricultural watersheds, Kent County, Maryland, United
States Environmental Protection Agency, p.79, 2002.

[4] Gong, H. L., Menlou, L. and Xinli, H., Management of groundwater in
Zhengzhou city, China. Wat. Res; 34(1), pp. 57- 62, 2000.

[5] Hounslow, A.W., Water Quality Data : Analysis and interpretation, Lewis
Publisher, p.397, 1995.

[6] Mende, A., Astorga, A. and Neumann, D., Strategy for groundwater mana-
gement in developing countries: a case study in northern Costa Rica.
Geomorphology, Journal of Hydrology; 334: 109-124, 2007.

[7] Piper, A.M., A graphical procedure in the geochemical interpretation of
water analyses, American Geophysics, 25, 914-923, 1944.

[8] Schwartz, F.W.,  Zhang, H., Fundamentals of Ground Water. John Wiley
and Sons, p.583, 2003.

[9] Singh K.P., Malik  A., Sinha S., Mohan D., Singh V.K.  Exploring ground-
water hydrochemistry of alluvial aquifers using multi-way modeling,
Anal Chim Acta 596:171-182, 2007.

[10] Statistical Center of Iran, Implementation of the 2011 Iranian Population
and Housing Census. Online Available: 
http://www.amar.org.ir/Default.aspx?tabid=765,2011.

[11] Todd, D. K. and  Mays, L. W., Groundwater Hydrology, Third Ed., John
Wiley & Sons Inc., U.S.A. p.636, 2005.

[12] Umar, A., Umar, R., Ahmad, M. S., Hydrogeological and hydrochemical
framework of regional aquifer system in Kali-Ganga sub-basin, India,
Environmental Geology, 40 (4-5), 602- 611, 2001.

[13] Xiu-yuan M.A., Shu-guang LI and Wei-shen ZHU, A new method in
groundwater flow modeling[J], Journal of Hydrodynamics 21 (2), p..
245-254, 2009.

[14] Zaporozec, A., Graphical interpretation of water-quality data. Ground
water Vol. 10, No. 2. pp.32-43, 1972.

References



Abstract

I
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1. Introduction

The scheduling represents a field of application of
the operational research and the management of the
production which is aimed at improving the efficiency
of a company in terms of production cost and of delivery
deadline [2].

Scheduling problems appears in all the domains:
computing [3], industry, transport, construction, admi-
nistration [4].

Solving scheduling problem consists in organizing
tasks and determining their earliest starting time and
their necessary material or human resources, so that the
constraints are respected, to optimize certain objectives
that are defined beforehand [5], [6].

The objective of this article is to treat a particular
case of the scheduling problems, which is the agro-food
industry with its constraints and its specific criteria. In
fact, this industry presents certain particularities due to
the nature of the treated and produced products which
have rather short life cycles. The validity's dates of the
primary components forming the operations and semi-
finished products is a constraint which must be respected.

So, the lapsing of a component engenders a material loss
which is translated by the cost price of this component,
and this lapsing also generates the hindrance of the rea-
lization of the operation planned, leading to delays in
delivery of finished products. These finished products
also have a limited life cycle and their prices degrade
proportionally in the days of storage before their delivery
[7].Our objective is to minimize the makespan (Cmax)
of these products while respecting these specific cons-
traints bound to this type of industry.

2. Problem

The flow-shop workshop is the most used in agro-
food industry [8]. A scheduling problem in a flow-shop
workshop implements m machines, noted M1, M2 …Mm,
and n operations, noted j1, j2 …jn. Every task must be
executed, in most only once, on M1 then M2, and so on,
until the task is executed on the last machine Mm in this
order.

The problem is a workshop scheduling problem, the
algorithm has to find an order of execution of the various
tasks in a way that it minimizes Cmax.
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A task i is characterized by its:

- ri: earliest starting time of the operation Oi

- di: latest finished time of operation Oi

- pi: processing time of the operation Oi

- vik: validity limit date of the component k of the
operation i:  It is necessary that rik ≤ vik otherwise it
will be out-of-date.

- ti: effective starting time of operation i, ti ≥ ri

- di: completion time of the operation i, βi ≤ di

For a flow-shop workshop, this date must be lower
than the validity limit date of the following task on the
same machine of the same product i.e.: βi ≤ v (i+1) k.

3. Materials and Methods

3.1. Exact method: Branch & bound

In the literature, the method of separation and pro-
gressive evaluation was applied in several domains and
by many researchers. Barker and McMahon [9] and
Carlier [10], among others, contributed to the progress
of the exact approaches, which are mainly based on the
method "branch and bound".

They generally envisaged scheduling problems and
have for mark of benchmarks as "IT challenge" to de-
monstrate the efficiency of their algorithms, and the best
solution known for a problem was improved.

In 1989, Carlier and Finch solved a scheduling problem
in an optimal way by this method [10]. Since then,
Brucker et al. [11] [12], Martin and Shmoys [13], and
Carlier [14] improved the execution and the efficiency
of the exact approaches for the “Non-deterministic
Polynomial time” NP-difficile problem. More recently,
Guéret et al. [15], worked on the problems open-shop.

We have chosen Flow-shop of permutation Typology.

We consider n Tasks to be executed on 3 Machines.
Every task has to run on the machine 1, then on the
machine 2 and finally on the machine 3. The processing
time of the task i on the machine M1 is noted by ai, on
the machine M2 by bi and on the machine M3 by ci. We
wish to find a permutation of execution of these n tasks
on those three machines in such a way to minimize the
total time of production, the makespan. 

Example: 4 tasks, 3 machines with the processing
time and the following constraints:

The tree of search for the method branch and bound
possesses two nodes. For every node we have two functions
of evaluation:

- Function for the calculation of Cmax,

- Function of perishability for the calculation of the
sum of out-of-date products.

For a node N, if f (N) ≠ 0 then the node N is auto-
matically eliminated and we do not calculate Cmax of
the considered node.

Function of evaluation and calculation of Cmax

Before proceeding to the resolution itself, we need to
calculate the makespan for a given solution to determine
lower bound.

Often a task i cannot begin before an earliest starting
time of the operation ri and must be executed before
deadline vi. The effective date of the beginning of the
task i is ti.

TABLE 1. Processing time, earliest starting time, validity

limit date of tasks.

M1

M2

M3

M1

M2

M3

M1

M2

M3

M1

M2

M3

1

2

3

4

Task ri

1

8

4

2

4

5

6

2

8

3

9

2

2

5

12

4

12

17

7

16

24

12

21

28

vik

0

1

9

3

10

14

5

15

19

8

18

27

pi

TABLE 2. Processing time of tasks

on every machine.

Task 1

Task 2

Task 3

Task 4

ai

8

4

2

9

4

5

8

2

ci

1

2

6

3

bi
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We consider A = {1, 2, …k} the set of the first
supposed tasks to be executed in this order with k the
task number k, and U the set of the not yet executed
tasks, at the given moment. For j = {1,2, ….k} we put:

- r 1
k, r 2

k, r 3
k Beginning date of task k on the

machine M1, machine M2 and machine M3 in this
order.  

- αk, βk, γk effective finished date of task k on the
machine M1, machine M2 and machine M3 in this
order. These three variables are calculated as follows:

● For k=1 

α1 = r11 + a1;

β1 = max (α1, r21) + b1;

γ1 = max (β1, r31) + c1;

● For k>1

αk = max (α k-1, r1k) + ak; (1)

βk = max (βk-1, αk, r2k) + bk; (2)

γk = max (γk-1,βk , r3k) + ck; (3)

To calculate a lower bound, we are going to consider
the most favorable three possibilities which can appear.
In other words, we are going to determine the shortest
time to execute the jobs from the set U of tasks not yet
executed.

It is clear that the best solution corresponds to the
execution of the tasks on the machine M1 with con-
tinued manner.

Let us consider the last task, that is n, as a given
solution. The best scenario is that this task does not
depend on the machine M2 and the machine M3. In
other words, the makespan Cmax is then:

Consequently, if we choose the shortest processing
time on the machine M2 and M3, then independently of
the solution, we will have:

Also, by considering that the machine M2 is con-
tinuous in its execution. We will have:

By choosing the shortest processing time on the
machine M3, we will have:

Also, by considering that the machine M2 is con-
tinuous in its execution. we obtain the following board:

Consequently, independently of the solution, its
makespan cannot make better than the value of three
expressions above. In other words, we will have:

Cmax≥ max {α k+ai+ min (bj + cj); βk+bi+ min (cj); γk+ci (9)

i∈ U  j∈ U i∈ U  j∈ U i∈ U

Provided with this lower bound, we can pass in the
resolution of our problem. In the root of the tree, no task
is executed, the lower bound is thus:

Cmax = max {12 +2 + 2; 23+ 2 ; 19}  = 25      

In other words, no solution can have a makespan
lower than 25; it is the optimal solution.

- Construction of a branch:

● If we execute the task i in position 1, we obtain: 

A = {1};  U= {2,3,4} 

α1 = 1; β1 =9; γ1 =13 

Lower bound=max{1+11+2+2; 9+15+2;13+15}= 28.

● If we execute the task i in position 2 , we obtain : 

A = {1,2} ; U= {3,4}

α2 = max(1, 3)+2 = 5 ; 

β2 = max(9,5,10)+4  =  14;  

γ2 = max(13, 14,14)+5 = 19

Lower bound=max{5+9+2+2; 14+11+2;19+10}=29.

● If we execute the task i in position 3, we obtain: 

A = {1,2,3} ; U= {4}

α3 =  max(5, 5) + 6 = 11; 

β3 = max{14,11,15}+ 2 =17; 

γ3 =  max{14,17,19} + 8 = 27            

Lower bound = max{11 +3+9+2;17+9+2 ;27+2}= 29.

● Task 4 in position 4 we obtain: 

A = {1, 2, 3,4} ; U= {}

(4)

(5)

(6)

(7)

(8)
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α4 = max{11,8} + = 14; 

β4 = max{17,14,18} + 9=27;

γ4=  max{27,27,27} + 2 =  29 

Consequently, the makespan is equal to 29.

We have just found that the value of the makespan, of
our first solution, is 29, as shown in the following Figure:

What we have just made up to here is to have crossed
the arborescence of in-depth calculations at first. It allows
us, from now on, to have a superior bound of the make-
span. If, in the exploration of this arborescence, we obtain
lower bounds bigger than 29, we can ignore them in the
search, because these partial solutions cannot contain the
optimal solution.

The function of perishability

We consider that f is the function of perishability of
a node N of the search tree.

f (N) = sum of expired products of node N.

- i number of task.

- j number of machine .

- tij effective starting time of operation i on the
machine j

- vij: validity limit date of of operation i on the
machine j

● if A = {1} ; U={2,3,4}, we obtain f (N) = 0 because

- p11= 0 as t11 = 0 < v11 = 2,

- p12= 0 as t12 = 1 < v12 = 5,

- p13= 0 as t13 = 9 < v13=12

● if A = {1,2} ; U={3,4}, we obtain f (N) = 0 because

- p11= 0 as t11 = 0 < v11 = 2, p21= 0 as t21 = 3
< v21 = 4, p12= 0

- p22= 0 as t22 = 10 < v22 = 12, p13= 0 as t13 = 9
< v13 = 12,

- p23= 0 as t23 = 14 < v23 = 17.

● if A = {1,2,3}; U={4}, we obtain: f (N) = 0 because

- p11= 0 as t11 = 0 < v11 = 2, p21= 0 as t21 = 3
< v21 = 4, p31= 0 as t31 = 5 < v31=7.

- p12= 0 as t12 = 1 < v12 = 4, p22= 0 as t22 = 10
< v22 = 12, p32= 0 as t32 = 15 < v32 = 16.

- p13= 0 as t13 = 9 < v13 = 12, p23= 0 as t23 = 14
< v23 = 17, p33= 0 as t33 = 19 < v33 = 24.

● if A = {1,2,3,4}; U={}, we obtain: f (N) = 0 because

- p11 = 0

- p12 = 0 

- p13 = 0

Thus, for each node we have a couple evaluation (f,
C max). Continuing in this way, we obtain Figure 3: a
fully explored tree.

Figure 1. Branch 1 of the searching tree

(10)

Figure 2. Branch 1 with the sum of expired products of node N

Figure 3. Search tree
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if A = {1}; U= {2, 3,4} -------→ α1 = 1; β1 =9; γ1 =13

lower bound = max{1+11+ 2+2; 9 +15 + 2; 13 +15}= 28.

if A = {1,3}; U= {2,4} ---→ α2 = 11; β2 =17; γ2 =27 

lower bound = max{11+ 13+4+2; 17 +13 + 2; 27
+5+2}= 34.

This branch is pruned since the lower bound is superior
than 34 i.e any solution of this branch will have a Cmax
more than 34 but we have already obtained a C max
equal to 29 in the branch (1, 2, 3.4). Nodes created by
dashed arcs are the nodes that have not been explored
when creating the tree because they cannot contain an
optimal solution or f (N) ≠ 0.

Cmax = 29 and this is the optimal solution, the
sequence is: 1-2-3-4.

3.2. Genetic algorithm

● Coding of individuals

The workshop is flow-shop F3 / / ri / / Cmax: sche-
duling of non-preemptive tasks arrived in different times
and the objective is to minimize the length of the schedule.
We will encode the genes of individuals with two digits
i, j:

i: shows the number of the task,

j: This sub task number or machine number

Example: 93 means task 9 and operation 3 of this
task or machine 3.

An individual is coded by the first digit i.e the
number i. Example: 215679843 is an individual.

● Generating the initial population

It will generate 200 individuals for the problem
described above. All these individuals will be randomly
generated and must respect the constraints of time and
the beginning of perishability. For this a function is
created to the test of the feasibility of the individual
generated.

● Evaluation: Calculation of Cmax

The evaluation is realized by a function that calculates
the Cmax of each individual generated.

● Selection

- Sort of individuals by Cmax

- Select the first 100 individuals ie a minium those
Cmax.

● Crossing

The probability of crossover is 0.8 then the crossing
will produce 80 individuals. The crossing is done using
the following method:

Consider two solutions x and y selected among the
solutions of good quality. A crossover operator produces
one or two new solutions x 'and y' by combining x and y.

If x and y are two vectors of 0 and 1, a classical
crossover operator (two-point crossover) is to randomly
select two positions in the vectors and swap the 0 and 1
sequences contained between these two positions in both
vectors.

For vectors x = 0 1 1 0 1 1 0 0 and y = 1 1 0 0 1 0 1 0,
if the positions "after 2" and "after 5" are chosen, we get
after crossing:

x '= 0 1 | 001 | 100 and y' = 1 1 | 1 0 1 | 0 1 0.

Many variants of such an operator can be generated.
These variations must be adapted to the coding solutions
and promote the transmission of "good sub-structures"
solutions parents to children.

For the scheduling problem with the encoding task
list this is not suitable.

x = ABCDEFGH and y = BEFHADGC, crossing
between the positions "after 2" and "after 5" would
yield: x '= AB | FHA | FGH and y' = BE | CDE | DGC
that are not permutations.

A specially designed crossover operator for lists data
implements the following idea. The two parent solutions
are "prepared" before the exchange of sequences located
between two randomly selected positions.

In this example task, the exchange zone of x being
prepared to receive the sequence of tasks F,H, A y.

To do so, we replace each task F, H and A in the
vector x by a void symbolized by a * or * B |CDE | * G *
and beginning on the right of the exchange zone, one
cupthe remaining tasks of the permutation in the order
of the permutation by forgetting x *, which gives: DE |
*** | GBC.

The * can be found therefore in the exchange zone,
while the order of traversal of the other tasks has not
been changed. The same procedure for y: B * | FHA | *
G * becomes HA | *** |GB F.
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This is followed by the exchange of sequences, giving
children two permutations x 'and y': x '= DE | FHA |
CBG and y' = HA | CDE | GB F.

A number of pairs of children is thus generated and
replaces part of parents selected from the least efficient.

Then a mutation operation creates child for this popu-
lation to ensure diversity of individuals. Not to mention
that an individual generated by this cross should remain
within the specified start date and date of perishability.

● Mutation

The mutation probability is 0.2, so the mutation will
produce 20 individuals.

The individual generated by mutation must respect
the constraints of time and start date of perishability.

● Iteration

From the initial population comprising 200 indi-
viduals, we proceed with the creation of new populations
using operations selection, crossover and mutation, and
we obtain for each generation a new population.

4. Comparative study

To illustrate the effectiveness of the genetic algorithm
used, three samples representing three different production
lines from seven to nine tasks will be compared with the
results of the branch and bound method. For example,
data for the example of product g3 with nine operations
will be given in Table 3.

TABLE 3. Processing time, earliest starting time, validity

limit date of tasks.

M1

M2

M3

M1

M2

M3

M1

M2

M3

M1

M2

M3

M1

M2

M3

M1

M2

M3

M1

M2

M3

M1

M2

M3

M1

M2

M3

1

2

3

4

5

6

7

8

9

Task
Earliest starting

time ri

2

4

7

2

1

10

2

3

2

2

3

1

5

4

4

5

10

7

5

4

3

4

3

7

1

2

3

40

45

50

55

60

65

66

67

68

56

69

68

56

78

87

90

99

104

105

68

70

80

85

90

95

100

110

Validity limit

date vik

1

3

5

8

9

12

20

21

24

15

16

17

27

29

31

41

44

45

50

55

57

60

65

66

70

75

78

Processing time

pi

TABLE 4. Comparison between branch and bound and

genetic algorithm.

g1 (7 tasks)

g2 (8 tasks)

g3 (9 tasks)

Best scheduling

B-B

Best Scheduling

AG

1523467

45231678

512346798

68

75

81

70

76

88

Cmax

AG

1234567

21345678

321456789

Cmax

B-B
Product line

By applying the genetic algorithm, the following
results are obtained in Table 4.

The numerical results show that the genetic
algorithm gives satisfactory results and near optimal
solutions from the branch and bound method.
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Conclusion

We applied in this paper two methods for solving scheduling problems in food industry, taking into account the

specificities of this industry. The first method, branch and bound, generates optimal solutions. However, the disad-

vantage of this method is that it is limited to small problems, because of combinatorial explosion. And so to deal

with large problems, we used the genetic algorithm that gives very satisfactory results and good quality solutions.
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Abstract

V
OCs are important

class of air pollutants

because they are ubiqui-

tous and associated with

increased short- and long-

term health risks in the in-

dustrial areas and environs.

The air samples were col-

lected by passive sampler

(ORSA 5) from two con-

trastive industrial areas

such as Ikeja and Isolo

industrial areas. The air

samplers were exposed to

a height of 1.5-2.0 m and

sampling was carried out

four times a month for a

period of 12 months. The

adsorbed VOCs were desorbed with carbondisulphide

(CS2) and the solution analysed using Gas Chromato-

graphy (GC) fitted with Flame Ionization Detector (FID).

Twenty-Six (26) VOCs were captured in the Atmosphere

of each of the studied areas. The VOCs were classified

thus: aromatics 37-42%, halogenated 37-38%, esters 2-

3%, ketones 7-11%, alcohols 5-11%, ethers 4%, dienes

0-2%, nitriles 0-2%. Seven (7) VOCs each were the major

contributors to ambient air pollution in Ikeja and Isolo

industrial areas. VOCs pollutants in Ikeja industrial

areas are xylenes 61.90%, Isopropylbenzene 20.90%,

Isopropyl Acetate 8.47%,

n-Butylbenzene 5.53%,

Tuolene 1.34%, n-propyl-

benzene 0.58% and methy-

lene chloride 0.56% (eigen

value ≥ 1) while in Isolo

they are Ethylbenzene

66.36%, Ethanol 13.39%,

chloroform 6.60%, 2,2

Dichloropropane 5.15%,

xylene 3.89%, Isopropyl

Acetate 1.77% and Tetra-

chloroethane 1.66%. There

is a significant difference

(Pvalue < 0.05) between

the levels of VOCs in the

studied areas. The meteo-

rological significant cor-

relations with the ambient

concentrations of VOCs. The monthly mean concentra-

tions of the atmosphere total volatile organic com-

pounds (TVOCs) in the studied areas show significant

difference. The Principal Component Analysis (PCA)

showed that the major sources of VOCs are mainly

anthropogenic and four factors each were identified as

sources of VOCs in each of the studied industrial areas

with industrial emissions dominating in industrial

areas.

Keywords: Anthropogenic, Contrastive, Gas Chromato-

graphy, Industrial, Pollutants.
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1. Introduction

VOCs are an important class of toxics air pollutants

because they are ubiquitous and associated with increased

short and long-term health risks in the industrial areas

and environs for two distinct reasons. Firstly, they are

precursors required for the photochemical production of

atmospheric Ozone. Secondly, they include species that
are individually carcinogenic and mutagenic in their own
right (Pratt et al., 2000). The impact of any pollutant can
be reduced by one of the following four ways which
include (i) dilution of its concentration before it reaches
any sensitive receptor (ii) Collect the pollutant and
dispose it in a way that prevents it from reaching most



Ojiodu, C.C., Okuo, J.M. and Olumayede, E.G. / ISESCO Journal of Science and Technology - Volume 9, Number 15 (May 2013) (77-85)

78

sensitive receptor (iii) collect and recycle the pollutant
for some useful purposes (iv) Produce or prevent the
emissions from occurring in the first place (Goodwin et al.,
1999). VOC pollutants are numerous including alkanes,
alkenes, aldehydes and aromatics which vary in reacti-
vity. The major oxidant responsible for their removal from
the atmosphere is the hydroxyl radical (PORG, 1997).
Volatile Organic Compounds are Commonly encountered
by people as they go about their daily routine. Volatile
Organic Compounds (VOCs) are carbon-based compounds
that have vapour pressure to significantly vaporize and
enter the atmosphere (U.S EPA, 2005; EU, 2005; Estate
Management, 2009). Studies have shown that VOCs enter
the human bloodstream through the following means
inhalation, ingestion and through the skin (ATSDR,
2001). They play an important role in the chemistry of
the atmosphere; their role in the formation of photoche-
mical smog and their associated oxidants, degrading air
quality and threatening both human health and ecosystem
(Molina et al., 2007). VOCs in industrial areas emanates
from industrial activities of various industrial units and
the products associated with them. These industrial units
include ceramic and tile, lime and cement, energy, ren-
dering, metal plating, refineries, slaughter houses, metal
foundries, food industries, detergents, dry cleaners, dyeing
industries, tanneries, dairies, oil mills, fisheries, hydrome-
tallurgical processes, aluminum recycling, piggeries,
poultry raising, breweries, cosmetics, canning industries,
pharmaceuticals, wood processing units, paper mills, pro-
duction of construction materials etc. The cumulative risk
from exposure to multiple VOCs and other air pollutants
is not well known in Lagos and its industrial areas and
limited evidence suggests that the minority population
residing in industrial of Lagos state have dispropor-
tionately higher exposures (Kinney et al., 2002). It is
generally believed that children, pregnant women and the
elderly are at greater risk for developing disease from
lower levels of exposure (Freedom et al., 2001). Vehi-
cular emissions apart from Industrial emissions form the
main part of air pollution in Ikeja and Isolo Industrial
areas, few studies towards the concentrations of Volatile
Organic Compounds (VOCs) have been published in
Lagos - state (Okuo et al., 2012(a); Okuo et al., 2012(b);
Ojiodu, 2012). The two Contrastive areas in this study
are Ikeja and Isolo industrial areas. They are both located
in Ikeja division of Lagos State on longitude 6.31-6.360N
and latitude 3.19-3.200 E. The population within the
Local Government was estimated at 313,196-521,509

people according to the 2006 final census result (NPC,
2009). Conspicuous in these areas are various types of
industries which include paint, food and beverage, phar-
maceutical, textile, soap and detergent, heavy chemical,
paper, printing and publishing, cosmetic, breweries etc.
There are also clusters of filling stations, shopping moore,
eatries, motor parks, official and residential houses. The
land-use pattern at Ikeja and Isolo industrial areas are
mostly industrial and partly residential. The main objec-
tives of this study is to: determine the types of VOCs
pollutants and the percentage contribution to pollution in
the study area, the contributions of both natural and anthro-
pogenic sources to VOCs emission in the areas of study.

2. Material and Methods

2.1 Sampling Locations

This study was conducted in Ikeja and Isolo industrial
areas of Lagos state. Ikeja and Isolo areas lies within the
tropical rainforest region with two distinct seasons: wet
and dry seasons. The temperature throughout the year
ranges between 21°C and 30°C. Humidity is relatively
high while the rainfall ranges between 150mm-200mm.
The wind speed recorded during the study ranged between
3.20-6.00 ms-1.

2.2 Selection of Sampling Site

10 samples were collected at ten sites from each of
the studied areas. The sites were carefully chosen based
on the following criteria: Cost of equipment, accessibility
to the locations, freedom from any obstacle to free flow
of air in the vicinity and security of the sampler. The
locations (sites) were chosen to reflect activities in the
areas. The geo-referencing was carried out by using
GARMIN GPS MAP 76S.

2.3 Sampling Device and Collection of Ambient VOCs

Ambient air samples were collected using ORSA 5
diffusion tubes from Dragger Safety, Lubeck, Germany.
The Sampler comprises a glass sampling tube open at both
ends and filled with activated charcoal. Each opening in
sampling tube is filled with cellulose acetate diffusion
barrier. Ambient air diffuses into the sampling tube in a
controlled manner. The cross section, tube length and
diffusion coefficient are constant and expresses the
sampling rate (NIOSH, 1984). The diffusive (passive)
sampler fulfilled many of the logistical requirements of
an ideal ambient air monitor (Brown, 1999). A validation



processes for diffusive sampler had been performed
(Pfeffer et al., 1995; ASTM, 1988).

2.4 Sampling Routine

Sampling were carried out during dry and wet seasons.
The samplers were exposed at a height of 1.5-2.0 metres.
Sampling was done 4 times a month, for a period of 12
months. The samplers were harvested after seven days
and taken to the laboratory for analysis. A total of 960
samples were collected for the two seasons. During each
round of ambient sampling, meterological parameters such
as temperature, wind speed, wind direction and rainfall
were also recorded.
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Figure 1. Percentage Composition of each family of VOCs in

Ikeja and Isolo industrial areas

TABLE 1. Monitoring Locations, their Characteristics and

Co-ordinates at Ikeja Industrial Area

IKEI

IKOR

IKOA

IKOB

IKNP

IKIP

IKGI

IKAJ

IKOS

IKAS

N 6° 36' 40.5”
E 3° 21' 13.6”

N 6° 36' 33.9”
E 3° 21' 16.7”

N 6° 36' 07.0”
E 3° 20' 16.7”

N 6° 36' 07.5”
E 3° 20' 10.4”

N 6° 36' 05.2”
E 3° 20' 07.8”

N 6° 36' 13.0”
E 3° 20' 13.1”

N 6° 36' 28.3”
E 3° 20' 10.4”

N 6° 36' 26.0”
E 3° 20' 19.1”

N 6° 36' 23.7”
E 3° 20' 31.9”

N 6° 36' 00.6”
E 3° 20' 26.2”

This site is created at oregun road by Eleganza
Industries. A location with heavy traffic density.

Created at Oregun road by Seven-Up Bottling
Company, PLC. A location with clusters of
filling stations and commercial activities such
as hawking of household items.

Oba-Akran. This site is at Vitafoam, PLC . A
location with high vehicular activities.

Created at Obasa junction.

This site created at Obasa road. A location with
commercial activities such as hawking of cos-
metic products, plastic and textile materials,
footwears, food items.

Created at Oba-Akran road by International
paints for West Africa, PLC. (IPWA). A location
with high traffic density.

This site is at Oba -Akran road by Guinness
Nigeria, PLC. A location with high vehicular
activities.

Created at Adeniyi Jones by Dilux paint. A
location with commercial activities such as
hawking of household items.

OIorunbe site. This location is made up of
residential buildings with commercial stores
such as pharmaceutical and paint shops.

This site is created at Ajao street, off Obafemi
Awolowo road. A location with commercial
stores and business centres.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Site Code Site descriptionCo-ordinates

3. Analytical Methods

3.1 Extraction Process

After sampling, adsorption tubes were labeled and
closed with special caps to avoid contamination and
desorption. The samples were placed into tightly closed
special plastic bags and kept in a freezer until they were
processed. Before analysis, contents of both sections of
the adsorbed tubes were placed into two different vials in

which they were weighed, 10ml carbondisulphide (CS2)
was added as the extraction solvent to each tube (ASTM,
1988). Samples were extracted using a magnetic stirrer
(Jenweary 1103) for 30min. The extracted samples were
then filtered and stored in a freezer until they were
analyzed using Gas Chromatographic instrument (GC)
fitted with flame ionization detector (FID). The con-
centrations of the analyte were read from the calibration
graph, which was done with standard solution.
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3.2 Chromatographic Analysis

The extracted solutions were analyzed with gas chro-
matograph (GC) (Perkin Elmer Clarus 500) equipped with
a flame ionization detector (FID). The GC/FID was stan-
dardized and calibrated by injecting about 2µL VOC -
mix into it. The GC with a capillary column (Elite - V)
(40m x 0.18mm x i.d 1.0µm) was used with an initial
oven temperature of 35°C (held for 2min) increased to
60°C at a rate of 4°C min-1 (held for 0min) and finally to
225°C at the rate of 40°C min-1 (held for 5min). Helium
was used as carrier gas at a constant flow rate of 45ml
min-1. The bake time was 8 min at 260°C. The split ratio
is 1:40 and the injection and detection temperatures were
maintained at 250°C and 280°C respectively.

3.3 Chemical Standards and Instrumental Calibration

External calibration was carried out with a Volatile
Organic Calibration Mix containing 40 VOCs in
2000mgl-1 in Methanol (Supelco, Bellefonte, U.S.A.).
The calibration was performed by analyzing diluted
standards. The standard solution was prepared by
dilution in CS2 / methanol for gas chromatography.
Seven calibration levels of concentration range of 0.1
and 3.0 mg·L-1 (0.1, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0) with CS2

was prepared from stock standard in a clean vial. They
were freshly prepared at the moment of calibration. The
instrumental calibration was performed by analyzing 2µl
of the diluted standards, in order to obtain the relative
response value (µv). The calibration results curve shows
good linearity, with determination regression coefficient
(r2) greater than 0.999 for all the compounds.

3.4 Statistical Analysis

Two-way Analysis of Variance (ANOVA) statistical
test was used to evaluate significance of the differences
in means, we use correlation coefficient (r2). Sources of
emission were determined using correlation coefficient
(p<0.05) and the factor analysis ( Principal Component
Analysis) (SPSS, 2007).

3.5 Factor Analysis

The Principal Component Analysis (PCA) are the
primary factor analysis techniques that uses eigen value
to apportion data sets to identify emission sources,
chemical interaction on meterological phenomenon
depending on the data sets that have been submitted to
PCA. PCA is use to classify variables into groups that
can then be associated with factors that contribute to
pollutant levels at receptors. Four factors were extracted
from the data acquired at Ikeja Industrial areas. The first
factor (F1) explained 38.35% of the total variance,
second factor (F2) accounted for 30.69%, third (F3) and
fourth (F4) factors were responsible for 23.0 and 7.69%
of the total variance. F1: This factor is loaded in xylene,
isopropyl acelate, n - butylbenzene, n-propylbenzene and
methylene chloride. The chemicals are used as solvent
in paint, soap and detergent, cosmetic, pharmaceutical,
paper and printing industries and also from hawkers of
household materials like cloths, perfume and gift items
like dinner sets. These chemicals are also released from
vehicles in the studied area (Graham et al, 2004).
Therefore, factor 1 may be attributed to a combination of

TABLE 2. Monitoring Locations, their Characteristics and

Co-ordinates at Isolo Industrial Area

ISLT

ISJW

ISIM

ISCB

ISMD

ISIJ

ISRT

ISIS

ISAF

ISAM

N 6° 31' 42.3”
E 3° 19' 49.9”

N 6° 31' 29.9”
E 3° 19' 48.2”

N 6° 31' 26.3”
E 3° 19' 54.1”

N 6° 31' 35.2”
E 3° 19' 58.5”

N 6° 31' 44.9”
E 3° 20' 02.5”

N 6° 31' 23.8”
E 3° 20' 22.6”

N 6° 31' 55.4”
E 3° 19' 54.1”

N 6° 31' 48.8”
E 3° 19' 48.9”

N 6° 31' 59.5”
E 3° 20' 07.7”

N 6° 31' 26.3”
E 3° 19' 58.1”

Created at Abimbola street by Limca junction.
A location with many road intersections and
high traffic density.

Abimbola site created at Abimbola street by
Johnsonwax Industries, PLC. A location with
high traffic density.

Ilasamaja International market site. A location
where various types of products such as agri-
cultural, household, petrochemicals, pharma-
ceuticals etc. are sold.

Created at Limca /Chesebrough way. A location
with many road intersections and high traffic
density.

Isolo-Apapa site. created at Isolo - Apapa
Express road by Mandilas. A very busy road
with high human and vehicular density.

Created at ile-iwe meta junction Bus-stop. A
location with many road intersections.

Rotary site. A site located at Rotary road. A
location with many commercial shops with
road side mechanics.

Created at Isolo road. A location with high
commercial and vehicular activities.

This site is located at Oshodi - Apapa Express
road by Afprint, PLC. A location with high
traffic density.

Created at Isolo way by Aswani - market. A
location were textile and plastic materials are
sold.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Site Code Site descriptionCo-ordinates
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Figure 2. GIS Base - Map of Ikeja Industrial Area Showing Spatial Distribution of Total VOCs Concentrations.

Figure 3. GIS Base - Map of Isolo Industrial Area Showing Spatial Distribution of Total VOCs Concentrations.
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industrial solvent usage and vehicular emission. F2: The
high loading of factor 3 in ethanol, acetone, naphthalene
and 4-methyl-2-pentanone. These are solvents used in
paint, cosmetics and textile industries in the studied area
(Wallace, 2001). Hence, factor 3 may be attributed to
industrial solvent usage. F3: Ethanol, benzene and ethyl-
benzene released from breweries, vehicules and people
involved in gluing operations and tobacco smokers in
the studied area is loaded in factor 3. Therefore, factor 3
is an indication of industrial and vehicular emission. F4:
Factor 4 accounted for 13.59% of the variance in the
data. It was highly loaded in trichloroethane, 1,2-dichlo-
ropropane and isopropyl acetate. This chemicals are
used as solvents in cosmetics and paint industries in
studied area. The source of factor 4 might be a combi-
nation of solvent usage and industrial emission. Simi-
larly, four factors were identified as contributing to the
measured values in Isolo industrial area. The first (FI),
second (F2), third (F3) and fourth (F4) factors accounted
for 40.52, 25.26, 15.24 and 13.16 % of the total variance.
F1: This factor is highly loaded in ethylbenzene, isopro-
pylbenzene, naphthalene, tuolene, trichloroethane and
chloroform. These chemicals are used in cosmetics and
paint industries and in the area. They are also released
from petroleum products from petrol stations located in
the area. Therefore, factor 1 is attributed to emissions
from industrial solvent usage and petroleum products.
F2: Ethylbenzene, ethanol, chlorobenene and xylene is
loaded in factor 2. These compounds are released from
vehicle exhaust and petroleum products from petrol
stations in the vicinity of the studied area. Factor 2
suggests vehicular and petroleum products emission.
F3: Factor 3 is highly loaded in ethanol, acetone and
chloroform. These compounds are use as solvent in textile
and paint industries in the studied area. Therefore, factor
3 is attributed to industrial solvent usage. F4: Tetrachlo-
roethane and trichlorofloromethane is loaded in factor 4.
These are solvents used in paint and textile industries in
the studied area. They are also released from refrigerator
and air conditioner workshops in the area. Factor 4 is
due to industrial solvent usage and evaporative emission.

The principal component analysis revealed that the
major sources of VOCs in both Ikeja and Isolo industrial
reas areas are mainly Anthropogenic and four (4) factors
each were identified as sources of VOCs in the studied
area with emissions from industries and traffic dominating.

4. Results and discussion

Twenty six (26) VOCs each were captured in Ikeja
and Isolo industrial areas. The VOCs were classified thus:
aromatics 41-44%, halogenated 37-42%, esters 3%,
ketones 7-8%, alcohols 4-5%, ethers 2-4% (Table 3).
Seven (7) different VOCs are the major contributors to
pollution in Ikeja and Isolo industrial areas, such VOC
pollutants and their percentage contribution to pollution
is as follows: xylenes 61.90%, isopropylbenzene 20.90%,
isopropyl acetate 8.86%, n-Butylbenzene 5.53%, tuolene
1.34%, n-propylbenzene 0.58% and methylene chloride
0.56% ( eigen value ≥ 1). The other nineteen (19) VOCs
were able to contribute 0.12% to pollution in the area .
Similarly, in Isolo we have: ethylbenzene 66.36%, ethanol
13.39%, chloroform 6.60%, 2,2-dichloropropane 5.15%,
xylene 3.89%, isopropyl acetate 1.77% and tetrachloro-
ethane 1.66% were the major contributors to air pollution
in the area. The other nineteen (19) VOCs were able to
contribute 1.17% to pollution in Isolo (Table 5). Ikeja
(5669.47µg m-3) is more polluted than Isolo (3899.16µg m-3)
industrial area of Lagos state. The total volatile organic
compound (TVOC) in Ikeja is twice the value in Isolo
(Table 4). This may be due to more industries and higher
vehicular traffic in Ikeja because of peoples patronage
of such industries (Chang et al., 2005; Ohura et al.,
2006; Hsieh et al., 2003). The most polluted sites in
Ikeja is IPWA site along Oba Akran avenue (site 6)
while Isolo-Apapa express road (site 5) is the most
polluted site in Isolo  (Okuo et al., 2012). The most
abundant VOCs in the studied areas were BTEX and
halogenated VOCs. The halogenated VOCs in the
studied areas were dominated by bromomethane, chlo-
robenzene, chloroform, carbon tetrachloride, trichloroflo-
romethane and 1, 2 - dichloropropane (Table 3). Ikeja
Industrial area has the highest BTEX and halogenated
VOCs. The BTEX levels in Ikeja (Benzene 27.04,
tuolene 22.28, ethylbenzene 12.04, 109.62 µgm-3) while
the halogenated VOCs(bromomethane 26.34 chloroben-
zene 22.08, chloroform 26.87 carbon tetrachloride 21.38,
trichlorofloromethane 15.65 and 1, 2 - dichloropropane
16.10 µg/m3). Eleganza site has the most abundant BTEX
(benzene 31.85, ethylbenzene 16.40, toluene 26.53 and
xylenes 127.27 µg/m3) (Figure 2). Isol-Apapa road has
the most abundant BTEX in Isolo(benzene 14.11 ethyl-
benzene 9.99, toluene 14.10 and xylenes 49.89 µg/m3)
(Figure 3). The halogenated VOCs in the studied areas
were dominated by bromomethane, chlorobenzene,
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TABLE 3. Mean, Standard Deviation and Maximum Concentration of VOCs at Ikeja (n = 10) and Isolo Area

(µg/m3) (n = 10) 

27.04
12.04
13.62
14.99
16.16
14.87
22.28
63.67
45.95

26.34
15.17

22.08
26.87
21.38
20.13
15.45
15.65

16.10
15.85
ND

14.34

25.26
ND

12.18

15.51

28.16

25.70

ND

0.96
0.20
0.50
0.51
0.24
1.51
1.04
0.08
9.12

0.77
5.44

1.01
0.55
1.03
1.42
0.85
0.79

1.05
0.29
ND
0.14

2.50
ND
0.32

0.71

3.41

6.96

ND

31.85
16.40
16.31
17.34
16.59
18.91
26.14
73.69
55.70

27.84
15.50

23.14 
27.89
21.31
17.96
15.71
17.77

17.66
15.69
ND

14.55

27.15
ND

12.69

18.41

30.06

44.6

ND

13.43
9.38
18.43
14.55
18.97
15.14
14.03
31.30
17.90

10.24
16.23

18.70
15.16
18.00
13.17
12.10
15.18

14.15
15.30
ND

14.48 

16.87
ND 

12.19

12.19

13.00

9.36

ND

1.14
1.33
0.29
0.10
0.15
0.09
0.16
0.21
0.25

0.13
0.18

0.13
0.04
0.20
0.10
0.08
0.36

0.05
0.07
ND
0.29 

0.18.
ND
0.19

0.19

0.38

0.03

ND

14.11
9.99
18.88
14.77
19.31
15.27
14.37
31.64
18.35

34.19
23.24

10.42
16.51
18.91 
15.22
15.22
18.28

13.37
12.30
ND

15.64

15.46
ND 

17.02

12.46

13.36

9.30

ND

AROMATICS VOCS

Benzene
Ethylbenzene
Isopropylbenzene
Napthalene
n-Butylbenzene
n-Propylbenzene
Toluene
m+p- Xylene
o-Xylene

HALOGENATED VOCS BROMIDES

Bromomethanez
Bromoform

CHLORIDES

Chlorobenzene
Chloroform
Carbontetrachloride
Methylene chloride
Trichloroethane
Trichlorofloromethane

1,2-dichloropropane
2,2-dichloropropane
1,3-dichloropropane
Tetrachloroethane

KETONE VOCS

Acetone
2-Hexanone
4-Methyl-2-pentanone

ESTER VOC

Isopropyl acetate

ALCOHOL VOC

Ethanol

ETHER VOC

Tetrahydrofuran

NITRILE VOC

Acetonitrile

Mean

ISOLO

Std

IKEJA

Std Max.MeanMax.
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chloroform, carbon tetrachloride, trichlorofloromethane
and 1, 2 - dichloropropane (Table 3). The high concen-
tration of ethanol in Oba-Akran 30.06 µg/m3 and Guin-
ness 32.91µg/m3 both in Ikeja Industrial areas is no
doubt a reflection of the presence of brewery industries
in the areas (Figure 2). The principal component analysis

revealed that the major sources of VOCs in both Ikeja
and Isolo industrial areas are mainly Anthropogenic and
four (4) factors each were identified as sources of VOCs
in the studied area with emissions from industries and
traffic dominating.

TABLE 4. Total Volatile Organic Compounds (TVOC) at the

Studied Areas (µg/m3) ( n = 10)

Mean ± SD

550.6 ± 30.07

561.05 ± 21.11

583.56 ± 27.11

569.14 ± 38.04

583.56 ± 34.18

584.78 ± 28.10

565.33 ± 19.17

553.84 ± 31.08

540.81 ± 26.02

571.80 ± 31.28

5669.47

Mean ± SD

388.99 ± 27.24

389.82 ± 34.16

389.31 ± 24.17

391.42 ± 30.36

393.71 ± 34.10

388.58 ± 18.63

391.47 ± 22.74

392.32 ± 24.96

390.68 ± 27.17

382.92 ± 28.58

3899.16

1

2

3

4

5

6

7

8

9

10

TVOC

ISOLOIKEJASITES

TABLE 5. Percentage Contribution of VOCs Pollutants

151.086

51.127

21.647

13.490

3.260

1.425

1.365

61.90

20.904

8.864

5.526

1.336

0.584

0.559

61.891

82.799

91.667

97.193

99.113

99.672

99.876

1.618

0.326

0.161

0.126

0.095

0.043

0.041

66.361

13.392

6.604

5.154

3.894

1.767

1.662

66.361

79.754

86.358

91.512

95.406

97.173

98.835

Row 1.

2.

3.

4.

5.

6.

7.

Component Total

IKEJA

Cumulative %% of Variance Total

ISOLO

Cumulative %% of Variance

Initial Eigen Values
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1. Introduction

To eradicate poverty, the gender dimension needs to

be addressed in development planning. The empo-

werment of women, according to UNDP (2010), has

recently become a significant area of discussion with

respect to development and economic growth. And

because women and men experience poverty differently,

they hold dissimilar poverty reduction priorities and are

affected differently by development interventions and

poverty reduction strategies. Meeting World's food needs

in the coming years according to Nosiru and Rhaji (2010)

will depend more than ever before on the capabilities

and resources of women. Angya (2008) stressed that dif-

ferent preferences and perceptions about resource requi-

rements and needs play a significant role in constraints

to agricultural supply response in West Africa.

According to Ejembi et al. (2008) the mainstay of

small-scale agriculture in Nigeria are women. Women

form the large segment of the agricultural work-force,

and they are the most vulnerable group in the community.

Therefore, they deserve attention by any worthwhile

programme and policy of the government towards

improving food production. Okojie (2002) emphasized

that female education raises various implications for

feminization of poverty. According to Tokunbo (2003)

when women have equal access to education, and go to

participate fully in business and economic decision-

making, they are a key driving force against poverty.
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Gender has become a critical cross-cutting factor in
innovation process to promote equity and enhance the
relative access of female and male farmers to necessary
resources in programmes aimed at promoting household
food security (Ayoola et al., 2011). Summarily, gender is
a very important factor to be considered while addressing
the problems of food production and poverty in the
country.

2. Objectives of the study

This study was aimed at analyzing the effects of
gender and educational level of household-heads on the
poverty status of households in Adamawa State, Nigeria.

The specific objectives include:

(i) Establishing gender as a determinant of poverty
status of households in the area.

(ii) Determining the roles of education and women
empowerment in poverty reduction strategy in
Nigeria.

3. Methodology

3.1 Study Area

The study was carried out in Adamawa State, Nigeria.
Adamawa State is located at the northern part of Nigeria.
It shares with Taraba State in the south and west with
Gombe State in North-West and Borno State to the North.
The State has an international boundary with the Republic
of Cameroon along its eastern side. It lies between lati-
tude 7° and 11° North, and longitude 11° and 14° East.
Adamawa State has a land area of about 38,714km2 and
a population of 2,974,114. The people of Adamawa State
are predominantly peasant farmers, though few are cattle
rearers.

The state consists of twenty-one (21) local government
areas. The state was carved out of the defunct Gongola
State on August 27, 1991. Gongola State was itself
carved out of the former North Eastern State in 1976.
Before then, Adamawa was a province of the Northern
Region of Nigeria. The capital of Adamawa State is
located in Yola. Adamawa State, like other Northern
States of Nigeria, has ever recorded a high incidence of
poverty. The Northern States, which are substantially

rural and have less exposure to education, experience
more poverty than other parts of the country.

3.2 Data collection and sampling technique

The use of structured questionnaire which was admi-
nistered by trained enumerators helped in getting the
primary data for the study. The sampling units for this
survey were the households. Adamawa State is comprised
of three major zones namely: Northern Central and
Southern zone. They make up the twenty one (21) Local
Government areas in the State. For the purpose of this
survey, one Local Government was randomly selected
from each zone. These are Madagali Local Government
(from Northern zone); Hong Local Government (from
Central zone) and Numan Local Government (from
Southern zone).

Each Local Government is politically divided into
Districts, which further consist of wards. Four commu-
nities were selected from each Local Government and
twenty (20) households were selected from each com-
munity to give a total number of eighty (80) households
randomly selected from each of the three zones. Thus,
sums of two hundred and forty (240) households were
randomly sampled within the study area. However, only
two hundred and thirty (230) sampling points were used
because ten (10) were not properly filled. The random
selections of the households were done using the pre-
pared list of households available in the Agricultural
Development Programme (ADP) offices in each of the
zones.

3.3 Data Analysis

Logit Model Analysis:

A Logit model analysis can be used to estimate the
determinants of poverty (Adams and Richard, 1995).
The Logit model can be defined on the basis of either
income or expenditure. For this study, expenditure data
were used since poverty-lines are defined based expen-
diture data (Zeller, 2004).

Logit model is an example of models with qualitative
dependent variables.

Specification of Logit model can be represented as:
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Where E (Yi) =  P (Yi = 1); and

Yi is a dichotomous dependent variable, which
assumes a value of 1 or 0; and X represents the expla-
natory variable.

As Yi has no replicate observations, the method to use
in Maximum Likelihood Model specification of the Logit
model used is as follows:

Y = β0 + β1X1 + β2X2 + e

Where

X1 = Gender of Household-head

X2 = Educational Level of Household-head

Y = Poverty Status of the Household

βo = Constant

β1 & β2 =Parameters to be estimated

e   = Error term

Y is 1 if the household's per capita expenditure is
above one hundred and fourty naira (the equivalent of
US$ 1) per day, 0 otherwise .

Household per capita expenditure is given as:

Total Household Expenditure

Household - Size

4. Results and discussion

Regression Results:

The regression results in Table 1 revealed that Edu-
cation of the Household-Head (β = -0.002) was statis-

tically significant at both 1% and 5% confidence values.
It has a negative and significant relationship with poverty
status of the household. Thus, the tendency to suffer
adverse poverty situation reduces with increase level of
educational advantage. This supports the findings of
Okojie (2002) that improvement in the level of education
of the household-head causes a reduction in the burden
of poverty of the household. Thus, the higher the educa-
tional level of the household-head, the lower the proba-
bility of the household being poor.

The result also showed that the gender of the household-
head (β = 0.016) had a positive and significant relationship
with poverty status at both 1% and 5% confidence levels.
Female-headed households showed a considerable
tendency towards poverty. This reveals that there is a
relationship between the poverty status of household
and the gender of the household-head.

A.K. Adekunle and H. Yusuf / ISESCO Journal of Science and Technology - Volume 9, Number 15 (May 2013) (86-89)

88

TABLE 1. Logit regression result showing the relationship

between gender and education with Poverty Status of

Households in Adamawa State, Nigeria, 2011

β0

β1

β2

1.332

0.000

0.187

Constant

Gender

Education

-2loglikehood

R2

Chi-Square

Parameters
Standard

Errors

0.037**

0.136**

0.538**

0.001**

P-ValuesVariable

6.429

0.016

-0.002

163.326

0.648

152.104

Estimates

**P-value is significant at 1%
Source: Field Survey, 2011

Conclusion

The findings reported in this paper suggest that policy strategy to reduce poverty in Nigeria should focus more

on increasing women's access to education and other productive resources as well as reducing family sizes. This

will not only increase their incomes and therefore improve household welfare; it will also reduce inter-generational

transfer of poverty within the family. However, increased access to education has to be accompanied by policies to

increase women's access to other productive resources such as land, agricultural inputs, credit, information and

markets. Poverty reduction strategies in Nigeria should be engendered to ensure that women are targets and bene-

ficiaries of poverty alleviation programmes. There is need to mainstream gender concerns into all government policies

and programmes.
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Recommendations

The preceding analysis has brought out some findings that have important implication for policy. Based on the
findings from this study, the following recommendations are made:

i. Reducing poverty among women will involve programmes to eradicate illiteracy, improve access to gender-
sensitive and improved technology for women's domestic and economic activities and other productive
resources.

ii. Rural empowerment scheme can be intensified through integrated farming entrepreneurships; thus reducing
food insecurity and poverty.

iii. Poverty alleviation programmes should be well designed to incorporate the peculiarity of the vulnerable
members of the community.
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