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ABSTRACT: Intelligent video surveillance system deal’s with the real-time monitoring of persistent and transient objects 

within a specific environment. In existing video surveillance using CCTV (close circuit television) works with binary 
segmentation algorithm and it had critical pre processing steps in various high level computer vision application. This can be 
applied not only in security systems, but also uses in environmental surveillance. The basic principle of moving object 
detecting is given by the Background Subtraction algorithm. Then, a self-adaptive background model that can update 
automatically and timely to adapt to the slow and slight changes of natural environment is detailed. When the subtraction of 
the current captured image and the background reaches a certain threshold, a moving object is considered to be in the 
current view, and the mobile phone will automatically notify the central control unit and automatic alerting system alert the 
authorized user through SMS and user can view the detected image by GPRS enabled mobile devices. 

KEYWORDS: Background Modelling and Subtraction, GPRS, SMS, surveillance. 

1 INTRODUCTION 

The identification of regions of interest is typically the first step in many computer vision applications, including event 
detection, visual surveillance, and robotics. A general object detection algorithm may be desirable, but it is extremely difficult 
to properly handle unknown objects or objects with significant variations in color, shape, and texture. Therefore, many 
practical computer vision systems assume a fixed camera environment, which makes the object detection process much 
more straightforward; a background model is trained with data obtained from empty scenes and foreground regions are 
identified using the dissimilarity between the trained model and new observations. This procedure is called background 
subtraction. 

Various background modelling and subtraction algorithms have been proposed [1], [2], [3], [4], [5] which are mostly 
focused on modelling methodologies, but potential visual features for effective modelling have received relatively little 
attention. The study of new features for background modelling may overcome or reduce the limitations of typically used 
features, and the combination of several heterogeneous features can improve performance, especially when they are 
complementary and uncorrelated. There have been several studies for using texture for background modelling to handle 
spatial variations in the scenes; they employ filter responses, whose computation is typically very costly. Instead of complex 
filters, we select efficient Haar-like features [6] and gradient features to alleviate potential errors in background subtraction 
caused by shadow, illumination changes, and spatial and structural variations. 

Model-based approaches involving probability density function are common in background modelling and subtraction, 
and we employ Kernel Density Approximation (KDA) [3], [7], where a density function is represented with a compact 
weighted sum of Gaussians whose number, weights, means, and covariances are determined automatically based on mean-
shift mode-finding algorithm. In our framework, each visual feature is modelled by KDA independently and every density 
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function is 1D. By utilizing the properties of the 1D mean-shift mode-finding procedure, the KDA can be implemented 
efficiently because we need to compute the convergence locations for only a small subset of data. When the background is 
modelled with probability density functions, the probabilities of foreground and background pixels should be discriminative, 
but it is not always true. Specifically, the background probabilities between features may be inconsistent due to illumination 
changes, shadow, and foreground objects similar in features to the background. Also, some features are highly correlated, 
i.e., RGB color features. So, we employ a Support Vector Machine (SVM) for nonlinear classification, which mitigates the 
inconsistency and the correlation problem among features. The final classification between foreground and background is 
based on the outputs of the SVM. 

There are three important aspects of our algorithm integration of multiple features, efficient 1D density estimation by 
KDA, and foreground/background classification by SVM. These are coordinated tightly to improve background subtraction 
performance. An earlier version of this research appeared in [8]; the current paper includes more comprehensive analysis of 
the feature sets and additional experiments.                                                                                                                                    

2 RELATED WORKS 

Video surveillance takes place normally by using CCTV cameras (Closed Circuit Television) for monitoring or surveillance 
for intruder detection in case of emergencies in hospitals, shopping mall, banking sectors, and personal purpose automation 
and so on.  

Later Video fusion approach also used for monitoring such systems. These systems are designed in such a way that 
monitoring images are stored and there is a need for human to interact for knowing about the changes in the current 
surveillance systems and than they will intimate to the concerned organization. Hence this is not a fast secured monitored 
due to the time delay taken for human interaction.  

Due to time delay, we cannot get the update information for every minute or second and so it is not possible to detect 
the intruder in an appropriate time. This system uses the moving average algorithm to store the monitored images. Also this 
system lack the computation capability for surveillance meant for security  

3 PROPOSED FRAMEWORK FOR BACKGROUND MODELING AND SUBTRACTION ALGORITHM 

This section describes our background modelling and subtraction method based on the 1D KDA using multiple features. 
KDA is a flexible and compact density estimation technique, and we present a faster method to implement KDA for 1D data. 
For background subtraction, we employ the SVM, which takes a vector of probabilities obtained from multiple density 
functions as an input. 

 

Fig. 1. Overall structure of high level computer vision application 
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3.1 MULTIPLE FEATURE COMBINATION 

The most popular features for background modelling and subtraction are probably pixel wise color (or intensity) since 
they are directly available from images and reasonably discriminative. Although it is natural to monitor color variations at 
each pixel for background modelling, they have several significant limitations as follows: 

1.  They are not invariant to illumination changes and shadows. 

2.  Multidimensional color features are typically correlated and joint probability modelling may not be advantageous in 
practice. 

3.  They rely on local information only and cannot handle structural variations in neighbourhoods. 

We integrate color, gradient, and Haar-like features together to alleviate the disadvantages of pixel wise color modelling. 
The gradient features are more robust to illumination variations than color or intensity features and are able to model local 
statistics effectively. The strength of Haar-like features lies in their simplicity and the ability to capture neighbourhood 
information. Each Haar-like feature is weak by itself, but the collection of weak features has significant classification power. 
The integration of these features is expected to improve the accuracy of background subtraction. We have 11 features 
altogether, RGB color, two gradient features (horizontal and vertical), and six Haar-like features. The Haar-like features are 
extracted from rectangular regions at each location in the image, while the gradient features are extracted with 3 _ 3 Sobel 
operators. The fourth and fifth Haar-like features are similar to the gradient features, but differ in filter design, especially 
scale. 

 

Fig. 2. Haar-like features for our background modelling 

3.2 FOREGROUND AND BACKGROUND CLASSIFICATION  

After background modelling, each pixel is associated with k 1D Gaussian mixtures, where k is the number of features 
integrated. 

Background/foreground classification for a new frame is performed using these distributions. The background probability 
of a feature value is computed by (2), and k probability values are obtained from each pixel, which are represented by a k-
dimensional vector. Such k-dimensional vectors are collected from annotated foreground and background pixels, and we 
denote them by yj (j = 1, . . ., N), where N is the number of data points. 

In most density-based background subtraction algorithms, the probabilities associated with each pixel are combined in a 
straight forward way, either by computing the average probability or by voting for the classification. However, such simple 
methods may not work well under many real-world situations due to feature dependency and nonlinearity. For example, 
pixels in shadow may have a low-background probability in color modelling unless shadows are explicitly modelled as 
transformations of color variables, but high-background probability in texture modelling. 

Also, the foreground color of a pixel can look similar to the corresponding background model, which makes the 
background probability high although the texture probability is probably low. Such inconsistency among features is 
aggravated when many features are integrated and data are high dimensional, so we train a classifier over the background 
probability vectors for the feature set,{Yj}1:N.Another advantage to integrating the classifier for foreground/background  
segmentation is to select discriminative features and reduce the feature dependency problem; otherwise, highly correlated 
non discriminative features may dominate the classification process regardless of the states of other features. 
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Fig. 3. Feature performance for classification. The histograms of background probability for foreground and background 
pixels are presented for each feature. 

  

Fig. 4. PR curves for different density estimations 

4 EXPERIMENTS 

We present the performance of our background modeling and subtraction algorithm using real videos. Each sequence 
involves challenges such as significant pixelwise noises (subway), dynamic background of a water fountain (fountain), and 
reflections and shadow in wide area.  

4.1 IMAGE CAPTURING USING WEBCAM               

In this module we are capturing the video from webcam using Java Media Framework (JMF) API. JMF is a framework for 
handling streaming media in Java programs. JMF is an optional package of Java 2 standard platform. JMF provides a unified 
architecture and messaging protocol for managing the acquisition, processing and delivery of time-based media. JMF enables 
Java programs to get the video image from web camera 

 

Fig 5 camera control for fast motion detection 

4.2 BACKGROUND DETECTION 

K-means clustering is a method of cluster analysis which aims to partition observations into k clusters in which each 
observation belongs to the cluster with the nearest mean. The problem is computationally difficult; however there are 
efficient heuristic algorithms that are commonly employed that converge fast to a local optimum. These are usually similar to 
the expectation-maximization algorithm for mixtures of Gaussian distributions via an iterative refinement approach 
employed by both algorithms. Additionally, they both use cluster centres to model the data, however k-means clustering 
tends to find clusters of comparable spatial extend, while the expectation-maximization mechanism allows clusters to have 
different shapes. 
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Fig 6 capturing frames for test motion detection 

4.3 IMAGES STORES IN SERVER 

After the background template has been constructed, the background image can be subtracted from the observed image. 
The result is foreground (moving objects). Actually, the background is timely updated. To classify a new pixel value with 
respect to its immediate neighborhood in the chosen color space, so as to avoid the effect of any outliers. This motivates us 
to model each background pixel with a set of samples instead of with an explicit pixel model. and so the current value of the 
pixel is compared to its closest samples within the collection of samples. 

In case of some random disturbances, each pixel will fluctuate in a small range even there is no expected moving objects 
in the scene. So there must be a strategy to judge it. A threshold is defined in the system. If the difference of one pixel 
between real time frame and template is more than 10, then add 1 to the threshold. When differences of all pixels in the 
frame are all calculated, moving objects is thought to appear if the threshold is more then 3 percent of the total number of 
pixels in the frame. 

 

Fig 7 motion detected images stores in server 

4.4 ALERTING SYSTEM 

After detecting the changes in video frames, we are alerting the central control unit or the user through SMS using the 
GSM Modem. A GSM modem is a wireless modem that works with a GSM wireless network. A wireless modem behaves like a 
dial-up modem. The main difference between them is that a dial-up modem sends and receives data through a fixed 
telephone line while a wireless modem sends and receives data through radio waves. Typically, an external GSM modem is 
connected to a computer through a serial cable or a USB cable. Like a GSM mobile phone, a GSM modem requires a SIM card 
from a wireless carrier in order to operate. 
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Fig 8 alerting system 

After the receiving of SMS by an authorized user, they can view the detected image by GPRS enabled mobile devices. 

4.5 COMPARISON BETWEEN HIGH LEVEL COMPUTER VISION APPLICATION WITH SECURITY AND CCTV VIDEO SURVEILLANCE SYSTEM 

 

Features CCTV Video surveillance system 
Background Modelling And Subtraction In High Level 

Computer Vision Application With Security 

Memory Store’s continuously When object detect in current frame 

Human interaction Needed  Not needed  

Alerting features  Not applicable Applicable by sending SMS 

Remote monitoring Not applicable Applicable by using GPRS enabled mobile devices 

Fig 9 Comparison between High Level Computer Vision Application With Security and CCTV Video surveillance system 

 

Fig 10 memory consumption between High Level Computer Vision Application With Security and CCTV Video surveillance system 
in many applications 

5 CONCLUSION 

We have introduced a multiple feature integration algorithm for background modelling and subtraction, where the 
background is modelled with a generative method and background and foreground are classified by a discriminative 
technique. Here we can use background subtraction in many high level computer vision applications, some of the security 
features enclosed, like SMS generation and remote monitoring using a GPRS enabled mobile phone devices. Our algorithm 
demonstrates better performance and less storage space than CCTV video surveillance system and the performance is tested 
quantitatively and qualitatively using a variety of indoor and outdoor video applications. 
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ABSTRACT: The aim of this research paper is to provide an overview on the course of negotiations of Algeria to join the World 
Trade Organization, since more than a quarter century the negotiations remain moving slowly and know sometimes 
stopping, which made it difficult way for Algeria to join WTO, and The presence of other obstacles like: unstable business 
environment, and some policies that do not compatible with WTO agreements Did not give enough guarantees for the 
negotiation parties, and for the bilateral negotiations with the European Union and the United States it seems that will be 
difficult to reached.  
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یت المفاوضات تھدف ھذه الورقة البحثیة في تقدیم نظرة على مسار مفاوضات الجزائر للانضمام الى المنظمة العالمیة للتجارة، فمنذ أزید من ربع قرن بق ملخص:

ئة الاعمال الغیر مستقرة و بعض تسیر بطریقة بطیئة و تعرف في بعض الاحیان توقفات، مما صعب الطریق امام الجزائر، كما أن وجود عراقیل اخرى على غرار بی
عطي ضمانات كافیة للاطراف السیاسات التي لا تتطابق و إتفاقیات المنظمة العالمیة للتجارة مثل: الدعم المحلي و رخص الاستیراد و منع استیراد بعض المنتجات لم ت

 ستكون صعبة. الولایات المتحدة الامریكیة المفاوضة، كما ان المفاوضات الثنائیة ھي الاخرى خاصة مع دول الاتحاد الاوروبي و
 

  المفاوضات، النظام التجاري متعدد الاطراف، المنظمة العالمیة للتجارة، الجزائر. كلمات دلالیة:

 مقدمة 1

الدول النامیة في الاقتصاد یعتبر تحریر التجارة الدولیة أداة ھامة لدعم معدلات النمو الاقتصادي و تقلیص نسب البطالة، خفض معدلات الفقر و زیادة مساھمة 
دمات الى الاسواق بشكل غیر العالمي، حیث أن إلغاء أو تقلیل الحواجز الغیر جمركیة و التعریفات الجمركیة و دعم التجارة العادلة یمكن من زیادة نفاذ السلع و الخ

، كما أن المعاملة الخاصة 1947الاتفاقیة العامة للتعریفة الجمركیة و التجارة سنة تمییزي، و ھذا ما نجده كھدف للمؤتمر الامم المتحدة للتجارة و العمل و المنبثق عنھ 
تقر بوجوب منح الدول المتقدمة لمعاملة تفضیلیة لمنتجات الدول النامیة بدون شرط "المعاملة  1994و التفضیلیة التي أقرتھا اتفاقیات منظمة التجارة العالمیة سنة 

  من الدول خاصة النامیة للدخول في ھذا الفضاء التجاري متعدد الاطراف لرغبتھا في الاستفادة من ھذه المكاسب.بالمثل"، لھذا سارعت العدید 
جارة ثم بعدھا المنظمة و كغیرھا من الدول النامیة سارعت الجزائر لمحاولة الالتحاق بھذا النظام التجاري من خلال الاتفاقیة العامة للتعریفة الجمركیة و الت

لمبادلات التجاریة و ة للتجارة، خاصة بعد المشاكل الاقتصادیة التي بدأت تظھر في أواخر الثمانینات نتیجة الاعتماد المفرط على المحروقات كمصدر وحید في االعالمی
صادي)، لكن المفاوضات مع المنظمة تبني الجزائر للاصلاحات الاقتصادي من خلال برامج صندوق النقد الدولي (برنامج التكیف الھیكلي و برنامج التثبیت الاقت

لجزائر مثل: الطاقة و العالمیة للتجارة عرفت العدید من النكسات خاصة و أن حجم التنازلات التي حاولت بعض الاطراف فرضھا تمس العدید من القطاعات الحیویة ل
 الخدمات.
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  و من خلال ما سبق تقدیمھ سنحاول الاجابة على الاشكالیة التالیة:
  راحل المفاوضات مع المنظمة العالمیة للتجارة؟ و ما ھي أسباب تعطلھا؟ ما ھي م

  و للإجابة على ھذا التساؤل سنقوم بالتطرق للنقاط التالیة:

 نشأة المنظمة العالمیة للتجارة؛ -

 اتفاقیات المنظمة العالمیة للتجارة؛ -

 مبادئ المنظمة العالمیة للتجارة؛ -

 للتجارة؛مسار المفاوضات مع المنظمة العالمیة  -

 عقبات في طریق الانضمام. -

  للتجارة العالمیة المنظمة نشأة 2

 عرف مقترح الامریكي الرئیس قدم حیث الامریكیة المتحدة الولایات في بالضبط و الاولى، العالمیة الحرب نھایة الى العالمیة التجارة تحریر محاولات أول تعود

 في السلم ضمان أجل من الدول لكافة عادلة الغیر التجاریة والاجراءات الاقتصادیة العوائق لكل الكلي غاءإل إلى دعت نقطة، عشر اربع ضمت ویلسون" بـ"وثیقة

 1 في ذلك وكان مید". جیمس " بمشروع یعرف ما الى فتعود الدولیة بالتجارة مختصة دولیة ھیئة لتأسیس محاولة أول عن أما علیھ، الحفاظ في والمساھمة العالم
 غرار (على الأخرى المؤسسة مساھمة وكذا الثانیة، العالمیة الحرب بعد التجاریة للمشاكل تعرض حیث فقرة، 22 وثیقتھ في المشروع تضمن وقد ،1942 أوت

 الأسواق في العام الطلب في التوسع وتحفیز المدفوعات، میزان اختلال ومعالجة الجمركیة القیود خفض مثل: المشاكل ھاتھ لحل المقترحة الدولي) المقاصة اتحاد

 من للحد ضمانات تقدیم وأیضا الأعضاء الدول لجمیع التفضلیة التجاریة الترتیبات كافة بتقدیم للإتحاد المنضمة الدول جمیع إثرھا على یستوجب حیث العالمیة،

 في الدولیة التجارة منظمة بإنشاء الامریكي المقترح جاء ثم المنازعات، في الدولي بالتحكیم تقوم الدولیة للتجارة لجنة بإنشاء اقتراح أیضا جاء كما التجاریة، القیود

 تم حیث مادة، 79 ضمت فصول خمس على المقترح احتوى وقد المتحدة للأمم الاقتصادیة للجنة الدولیة التجارة لمنظمة میثاق اقتراح تقدیم تم حیث 1946 سنة

 واللوائح الضرائب یخص فیما الوطنیة المعاملة بالرعایة، الأولى الدولة خلال من العامة جاریةالت وسیاسة العضویة وكذا المنظمة، بشأن العام للاقتراح التطرق

 مھام الاخیر الفصل تناول كما الكمیة، التجاریة والقیود التفضلیة الاجراءات وإلغاء الرسوم، تخفیض الجمركي، التقییم للاغراق، المضادة والإجراءات الداخلیة

 العامة. الامانة و اللجان تمرات،المؤ وھیكلھا، المنظمة

 ھافانا میثاق 2.1

 و ھافانا كوبا بعاصمة ،1947 نوفمبر 21 في دولة 56 إجتمعت حیث للتجارة، دولیة منظمة بإنشاء الامریكي الاقتراح تنفید لمحاولة أولیة مرحلة ھافانا میثاق یعتبر
 فصول تسع على موزعة مادة 106 الاخیرة ھذه ضمت فقد و ھافانا لمیثاق الختامیة لوثیقةبا الخروج تم حیث ،1948 مارس 24 غایة إلى متواصلة أشغالھ ضلت قد

   [1] في: فتتمثل الوثیقة ھذه أھداف عن أما للتجارة"، دولیة منظمة إنشاء- ھافانا "میثاق عنوان حملت قد و

 في وتوسع توازن تحقیق في بالتالي والمساھمة السلع، في الدولي بادلوالت استھلاك الانتاج، تطویر الفعال، الطلب الحقیقیة، الدخول من متزاید حجم ضمان 

 العالمي؛ الاقتصادي
 الدولیة الأموال رؤوس تدفق تشجیع التنمیة، لمسیرة بدایة تشھد التي بالدول یتعلق فیما وخاصة الشاملة، الاقتصادیة التنمیة و الصناعیة التنمیة وتحفیز مساعدة 

 تجة؛المن للاستثمارات الموجھة
 الاقتصادیة؛ والتنمیة الإزدھار لتحقیق ضروریة ھي التي الانتاج عناصر و للموارد و للأسواق متساوي بشكل الأعضاء الدول وصول تسھیل 
 الحواجز؛ من وغیرھا الجمركیة التعریفات استخدام من والحد الدولیة التجارة في التمیز على القضاء 
 التقدم تؤخر أو العمل فرص تقلص العادلة، التجارة تشوه معاییر استخدام وتجنب اقتصادھا، وتنمیة تجارتھا، زیادة إمكانیة من الدول لمختلف السماح 

 الاقتصادي؛
 التجاریة. السیاسة الاقتصادیة، التنمیة العمل، یخص فیما المشاكل وحل التعاون، و التشاور المشترك، التفاھم تطویر  

 1947 التجارة و الجمركیة للتعریفة العامة تفاقیةالا 2.2

محطة انطلاق لوضع إطار قانوني لإتفاقیات متعددة الاطراف تھدف الى تحریر التجارة و إرساء مبادئ التجارة العادلة، حیث  1946لقد كان شھر نوفمبر من عام 
لص ھذا الاجتماع على تبني ھدف تحقیق و المحافظة كان الاجتماع الاول للجنة التحضیریة لمؤتمر الأمم المتحدة للتجارة و العمل بمدینة جنیف في سویسرا، حیث خ

، لتتوالى بعدھا اجتماعات اللجنة  [2] على معدلات الطلب العالمي، التوظیف، التنمیة الصناعیة، السیاسة التجاریة العامة من خلال مسألة الدعم و القیود التجاریة
، لتنتھي بذلك صیاغة الاتفاقیة العامة للتعریفة 1947أوت  30و جنیف في  1947یورك في مارس التحضریة للمؤتمر الامم المتحدة للتجارة و العمل في كل من نیو

بمدینة جنیف خلال الاجتماع الثاني للجنة التحضیریة لمؤتمر الامم المتحدة للتجارة و العمل، و تصدر بعدھا الوثیقة الختامیة  1947أكتوبر  4الجمركیة و التجارة في 
، و قد استمر العمل 1948جوان  30و دخل حیز التنفیذ في  1947أكتوبر  30في  Protocole d’application provisoireل التطبیق المؤقت للاتفاقیة و برتوكو

  ا في النقاط التالیة:أما عن المكاسب التي یمكن تحقیقھا من تطبیق الاتفاقیة العامة للتعریفة الجمركیة و التجارة فیمكن أن نعددھبھذا البرتوكول لأزید من نصف قرن، 
 تحقیق الرفاھیة للشعوب؛ 
 خفض و إلغاء الحواجز و القیود التي تشوه التجارة الدولیة العادلة؛ 
 تشجیع النفاذ للاسواق الدولیة؛ 
 زیادة مساھمة الدول النامیة في التجارة العالمیة؛ 
 المساھمة في تنشیط الطلب العالمي و تحقیق التوظیف الكامل؛ 
  المنازعات التجاریة من خلال المفاوضات؛و ضع ألیة لحل 
 .تحقیق التنمیة الاقتصادیة على أعلى مستوى 
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) والمنبثق عنھا المنظمة 94- 86ومؤتمر جنیف إلى غایة جولة الاوروغواي ( 1947عرفت الاتفاقیة العامة للوثیقة الحركیة والتجارة ثماني جولات وذلك منذ سنة 
ت الخمس الاولى بمحطات الھامة في تاریخ الاتفاقیة العامة للتعریفة الجمركیة و التجارة كونھا تھدف لم تھدف إلا للحد من العالمیة للتجارة، و لم تكن  الجولا

 التعریفات الجمركیة من جھة و عدد الأعضاء المشاركة فیھا لم یكن كبیر من جھة أخرى.

 للتجارة العالمیة المنظمة 2.3

- 1986لمیة للتجارة عن طریق توصیات الجولة الختامیة للاتفاقیة العامة للتعریفة الجمركیة و التجارة (جولة الاوروغوايلقد تم التوصل الى إنشاء المنظمة العا
-الصراع الامریكي ) و كان في بدایة الامر مقترح كندي ثم تبنتھ الدول الاوروبیة بعد خضوعھ لتعدیلات، حیث لم یكن الامر سھلا خلال ھذه الفترة خاصة بعد1994

التوصل الى الاتفاق بشأن الاوروبي حول ملف الزراعة، حیث مرت الجولة التفاوضیة بأصعب مراحلھا في كل من مونتریل بكندا و بروكسل في بلجیكا، و قد تم 
شاء منظمة دولیة تھدف لتحریر دولة، و القاضیة بإن 123بمدینة مراكش المغربیة بمشاركة  1994مشروع مسودة القرار الختامي التي تم التوقیع علیھا في افریل 

  .1995و التي انشئت سنة  التجارة العالمیة من العوائق الجمركیة، وھي منظمة التجارة العالمیة
  [3] أما عن المھام التي انشئت من أجلھا منظمة التجارة العالمیة فیمكن إیجازھا في اربع عناصر التالیة:

 العالمیة من خلال فتح باب المفاوضات التجاریة بین دول الاعضاء الى التوصل الى ارضیة اتفاق بشأن  المفاوضات التجاریة، حیث تسعى منظمة التجارة
، و اتفاقیة العامة حول تجارة الخدمات، 1994العدید من المسائل على غرار التجارة في السلع، من خلال الاتفاقیة العامة للتعریفة الجمركیة و التجارة سنة 

حقوق الملكیة الفكریة المتصلة بالتجارة، حیث تتم ھذه المفاوضات تحت مضلة المؤتمرات الوزاریة التي تجتمع في الغالب مرة كل وكذا اتفاقیة جوانب 
 سنتین لمناقشة المواضیع التي یتم اقتراحھا من قبل الاعضاء في الفترة التحضیریة للمؤتمرات؛

 شفافیة بالنسبة للسیاسات التجاریة للدول الاعضاء، من خلال التدابیر و الاجراءات التي تتخذھا، كما التنفیذ و المتابعة، تسمح ھذه الالیة بمراقبة مستوى ال
 تخضع السیاسات و الممارسات التجاریة للدول الاعضاء للمراقبة بشكل دوري من طرف اللجان المختصة على مستوى منظمة التجارة العالمیة؛

 ت التجاریة بین الاعضاء بشأن عدم الالتزام بالاتفاقات على مستوى لجان تسویة المنازعات، وتعتبر ھذه الالیة تسویة المنازعات، یتم الفصل في المنازعا
 حجر الزاویة بالنسبة لمنظمة التجارة العالمیة، لانھا تسمح بتطبیق الاتفاقات المبرمة، وتضمن عدم انتھاكھا؛

  الاقل نموا حیث تتضمن احكاما خاصة تحدد الفترات الزمنیة للتكیف مع ھذه الاتفاقات، و كما تسمح تدعیم القدرات التجاریة، وتشمل الدول النامیة و الدول
  بتقدیم الدعم الفني للدول النامیة و الاقل نموا، خاصة فیما یتعلق بالبنیة التحتیة من أجل زیادة قدراتھا التجاریة .

، وتعتبر المؤتمرات الوزاریة  2013تسعة مؤتمرات وزاریة أخرھا في بالي بإندونیسیا في دیسمبر  ،1995و لقد شھدت منظمة التجارة العالمیة منذ إنشائھا سنة 
المؤتمرات الوزاریة  حجر الزاویة في مفاوضات الدول الأعضاء، حیث یتم عن طریقھا إتخاذ القرارات المتعلقة بالاتفاقات التجاریة متعددة الاطراف، حیث تتمتع

تاریخ اول مؤتمر وزاري بسنغافورة تم التطرق الى العدید من المواضیع، سواء التقلیدیة أو الجدیدة التي  1996)، فمنذ سنة t AuthorityHighesبالسلطة العلیا (
بعد فشل مؤتمر سیاتل  مباشرةتعرف  بمسائل ما بعد سنغافورة  و تعتبر جولة الدوحة أو جولة الالفیة كما أطلق علیھا الجولة التي أسالت الكثیر من الحبر، حیث جاءت 

  و التھمیش الذي تعرضت لھ الدول النامیة، بالاضافة الى القضایا التي ناقشتھا ولعلى أھمھا التجارة و التنمیة المستدامة.

 للتجارة العالمیة المنظمة إتفاقیات 3

 شملت حیث بالتجارة، المتصلة و الاطراف متعددة الاتفاقیات من جملة للتجارة العالمیة المنظمة ضعت و ،1995 جانفي في التنفیذ حیز دخولھا و 1994 سنة إنشائھا منذ

 مایلي: في نعددھا أن یمكن و الاستثمار، و الخدمات الزراعة، مثل: الجوانب من العدید

 السلع تجارة تحریر إتفاقیة 3.1

مسائل تمس التجارة في السلع، ولقد كانت الزراعة من بین اھم  10 تعتبر اتفاقیة تحریر التجارة في السلع من بین الاتفاقیات الاكثر شمولا، حیث عالجت اكثر من
و قد شملت الاتفاقیة   ،1947تجارة القضایا التي مستھا ھذه الاتفاقیة، بالاضافة الى المنسوجات و الملابس، وكذا مراجعة قواعد الاتفاقیة العامة للتعریفة الجمركیة و ال

  یلي: ما
 1994مركیة و التجارة الاتفاقیة العامة للتعریفة الج 
 الاتفاق حول الزراعة 
 الاتفاق بشأن تدابیر الصحة و الصحة النباتیة 
 الاتفاق بشأن المنسوجات و الملابس 
 العوائق الفنیة أمام التجارة 
 اتفاق الجوانب المتعلقة بالاستثمار و المتصلة بالتجارة 
 اتفاق بشأن الدعم و الرسوم التعویضیة 
 یراداتفاق حول تراخیص الاست 
 اتفاق بشأن الوقایة 

 الخدمات في للتجارة العامة الاتفاقیة 3.2

 غرار على علیھا المتفق المواضیع لعدد ذلك و التجارة، و الجمركیة للتعریفة العامة الاتفاقیة بعد اتفاقیة أكبر ثاني الخدمات في للتجارة العامة الاتفاقیة اعتبار یمكن

 مجال في معینة تعھدات تقدیم الدول جمیع على تعین حیث الاوروغواي جولة منذ المفاوضات بدأت لقد و الاتصالات، و لبحري،ا و الجوي النقل خدمات المالیة، الخدمات

 كمعاملة العامة، المجالات و التزامات على اشتمل فقد الاول الجانب أما جوانب، ثلاث في الاتفاقیة ھذه جأءت حیث التعھدات، ھذه بتطبیق الاعضاء جمیع تلزم الخدمات،

 أما إضافیة، تعھدات و الوطنیة المعاملة الاسواق، الى النفاذ وھي الخاصة، بالتعھدات تعلق فقد الثاني الجانب أما النامیة...، الدول مشاركة الشفافیة، رعایة، الاكثر الدولة

 المتصلة التعھدات الوطنیة، املةالمع شروط كذا و الاسواق، الى بالنفاذ قالمتعل الشروط و القیود تخص و الخدمات، في للتجارة التدریجي التحریر ھو و الاخیر الجانب

 الالتزامات. تنفیذ و التنفیذ حیز الاتفاقیة دخول تاریخ و الاضافیة بالالتزامات
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 بالتجارة المتصلة الفكریة الملكیة الجوانب اتفاقیة 3.3

  و قد ضمت الاتفاقیة ثمانیة جوانب تخص الملكیة الفكریة وھي:
  المؤلف.حقوق 
 .العلامات التجاریة 
 .المؤشرات الجغرافیة 
 .التصمیمات و النماذج الصناعیة 
 .براءات الاختراع 
 .الرسومات الطبوغرافیة للدوائر المتكاملة 
 .حمایة المعلومات الغیر مفصح عنھا 
 .مراقبة الممارسات المنافیة للمنافسة في التراخیص التعاقدیة 

 المنازعات تسویة 3.4

مادة، حیث تم بموجب ھذه المذكرة تأسیس ھیئة تسویة المنازعات  27من الاتفاقیات التجاریة متعددة الاطراف، و ضمن  2قیة في الملحق رقم وردت ھذه الاتفا
  یات.على مستوى المنظمة تؤكل لھا مھام إنشاء اللجان و كذا اعتماد تقاریر الفرق و ھیئات الاستئناف، بالاضافة الى تنفیذ القرارات و التوص

 [4]: أما عن اجندة سیر عملیة التسویة فھي تمتد على عدة مراحل
  اسابیع  6الى  3استلام أولى المذكرات المكتوبة: الطرف الشاكي من 

  اسابیع 3الى  2الطرف المشتكي من                                          
 .تاریخ و مكان اول اجتماع مع الاطراف: من أسبوع الى أسبوعین 
 اسابیع. 3م الردود المكتوبة من الاطراف: من اسبوعین الى تسل 
 تاریخ و مكان ثاني اجتماع: من اسبوع الى اسبوعین 
  اسابیع. 4صدور الجزء الوصفي من التقریر: من اسبوعین الى 
 .استقبال الملاحظات على الجزء الوصفي من التقریر : اسبوعین 
  یع.اساب 4صدور التقریر المؤقت: من اسبوعین الى 
 .طلب المراجعة: اسبوع واحد 
 .فترة المراجعة: اسبوعین 
 .التقریر النھائي: اسبوعین 
  :اسابیع. 3توزیع التقریر على الاعضاء 

 التجاریة السیاسات مراجعة 3.5

 و الاطراف، متعددة التجاریة لاتفاقیاتا في علیھا المنصوص بالقواعد الاعضاء الدول التزامات جمیع تنفیذ في المساھمة ھي التجاریة السیاسة مراجعة ألیة من الھدف
 التقییم و بالتقدیر "تسمح التجاریة السیاسة مراجعة فآلیة الحوكمة، و الشفافیة بفضل الاعضاء للدول التجاریة الممارسات و لسیاسات افضل فھم و عملھا تسھیل بالتالي

 .[5] الاطراف" متعدد التجاري النظام على ذلك تأثیر و الاعضاء ولللد التجاریة الممارسات و السیاسات لمختلف منتظم أساس على و الجماعي

 الجماعیة التجاریة الاتفاقیات 3.6

راف الغیر مصادق علیھا، و تعتبر الاتفاقیات التجاریة الجماعیة إمتداد لاتفاقیات جولة طوكیو و قد شملت الاتفاقیات اربع محاور، و تتمیز بأنھا لیست ملزمة للأط
  ھي:

  تجارة الطائرات المدنیة؛اتفاق بشأن 
 اتفاق بشأن المشتریات الحكومیة؛ 
 الاتفاق الدولي في قطاع الالبان؛ 
 .الاتفاق الدولي للحوم الابقار 

 للتجارة العالمیة المنظمة مبادئ 4

 من الكمیة القیود لغاءإ و الجمركیة الرسوم بتخفیض ذلك و الخدمات و السلع مجال في العالمیة التجارة تحریر ھو التجارة و الجمركیة للتعریفة العامة الاتفاقیة ھدف ان     

 النھائیة الوثیقة ھتتضمن ما ھو و الاتفاقیة لھاتھ عامة مبادئ وضع مت الھدف ھذا تحقیق اجل من و الاقتصادیة، التنمیة تحقیق بالتالي و التجاریة التبادلات تشجیع اجل

  :ھي المبادئ ھذه اھم و 1947 سنة الجزئیة الجمركیة للتعریفة العامة للاتفاقیة

 المعاملة العامة للدولة الاولى بالرعایة 
، حیث لا یحق لأي [6]ارة و ھو المبدأ الاول الذي نصت علیھ المادة الاولى في الجزء الاول من الوثیقة النھائیة من الاتفاقیة العامة للتعریفة الجمركیة و التج

لة على حساب دولة اخرى، بحیث ان اي مزایا، تفضیلات و امتیازات یمنحھا طرف متعاقد لمنتج ذو منشأ محلي لدولة طرف من الاعضاء المتعاقدة منح تفضیلات لدو
كانت طبیعتھا على اخرى، یجب ان یمنح لكل منتج مشابھ لكافة الدول الاعضاء دون قید او شرط، و على العموم ھذه التفضیلات تشمل الرسوم الجمركیة، و مھما 
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تي وردت في الملاحق التصدیر، التحویلات الدولیة لرؤوس الاموال، و كذا جمیع المسائل التي وردت في المادة الثالثة، فیما استثنت الاتفاقیات التفضیلیة ال الاستیراد و
  و) و ذلك لبعض المنتجات فقط.- ه- د- ج- ب- (أ

  
 المعاملة الوطنیة 

عامة للتعریفة الجمركیة، و ذلك في المادة الثالثة، تحت بند المعاملة الوطنیة فیما یخص الضرائب و اللوائح و جاء ھذا المبدأ في الجزء الثاني من وثیقة الاتفاقیة ال
ج في الاسواق الداخلیة او الداخلیة، حیث لا یجب على اي دولة متعاقدة فرض ضرائب او رسوم داخلیة، قوانین تخص البیع، الشراء، النقل و التوزیع او استعمال المنت

ان تفرض عینة كمدخلات لبعض المنتجات المستورد بھدف حمایة الانتاج الوطني، كما ان منتجات الدول الاعضاء المستوردة من دول اخرى عضو لا یمكن نسب م
مشابھة، كما لا یمكن علیھا رسوم او ضرائب سواء بشكل مباشر او غیر مباشر، مھما كانت طبیعة الرسوم بشكل اعلى من تلك التي تفرض على المنتجات الوطنیة ال

  ان تمنح لھا معاملة اقل تفضیلیة من تلك التي تمنح لمنتج محلي.
  

  تحریر التجارة و دعم التجارة العادلة 
لم تشر الى ھذه الدراسات لقد جاءت العدید من الدراسات السابقة لتبین دور الاتفاقیة العامة للتعریفة الجمركیة و التجارة في تحریر التجارة الدولیة، ورغم ان 

تجارة مثل "مبدأ استخدام الرسوم تحریر التجارة كمبدأ من مبادئ الاتفاقیة العامة للتعریفة الجمركیة، لكنھا اشارت الى العدید من المبادئ التي ترتبط ضمنیا بتحریر ال
بد الاشارة ھنا الى ما ورد الجزء الثاني من الاتفاقیة  العامة للتعریفة الجمركیة كوسیلة وحیدة للحمایة، حظر الاجراءات التقیدیة الكمیة، محاربة سیاسة الاغراق"، و لا

  " freedom of transit الجمركیة في موادھا الخامسة، السادسة، الحادیة عشر، السادسة عشر، ففي المادة الخامسة التي تضمنت حریة النقل العبور "
  

التي تجتاز الحدود الدولیة سواء حدثت مع او بدون تخزین للسلعة و اعادة شحنھا، و لا یجوز التمییز و التزمت الدول المتعاقدة على ضمان حریة العبور للسلع 
  . [7] لعبور معقولةفیما بینھا بناءا على مكان المنشأ، الوجھة، او ملكیة وسیلة النقل، و یجب ان تكون الرسوم او اللوائح التنظیمیة المفروضة على حركة ا

  
على وجوب الاطراف  1947السادسة المتعلقة بمكافحة الاغراق و الرسوم التعویضیة في الاتفاقیة العامة للتعریفة الجمركیة و التجارة سنة كما التزمت المادة 

و یتحقق الإغراق لیة، المتعاقدة عدم ممارسة سیاسة اغراق تسبب او تھدد بإلحاق ضرر مادي للصناعة المحلیة او تعیق بطریقة مباشرة في انشاء فرع للصناعة المح
لاستھلاك في البلد المصدر، او كما سبق و ان تعرضنا الیھ، إذا كان سعر ھذا المنتج اقل من السعر المماثل المطبق في المعاملات التجاریة الدولیة لمنتج مشابھ موجھ ل

المادة فرض ضریبة على المنتجات الموجھة للإغراق و ذلك بھدف في حالة كان اقل من تكالیف الانتاج للمنتج في البلد المنشأ، و یحق للدول الاعضاء حسب نفس 
و تسمى ھذه تعویض او منع الاغراق بشریطة ان لا تتجوز ھذه الضریبة ھامش الاغراق، و في حالة وجود دعم لمنتج معین یمكن فرض رسوم على ھذا المنتج 

  Contervailing Duties (CVDs)الرسوم ب "الرسوم التعویضیة" 
 

عضاء، مثل ما یخص إلغاء القیود الكمیة فقد نصت المادة الحادیة عشر من الاتفافیة على فرض إلغاء الحظر أو القیود على استیراد اي منتج لدول الاأما فی
موجھة لحمایة توازن المیزان تراخیص الاستیراد أو التصدیر، أو نظام الحصص، رغم وجود بعض الاستثناءات و التي حملتھا المادة الثانیة عشر و الخاصة بالقیود ال

  ك الدول.التجاري و أیضا المعاملة الممنوحة للدول النامیة و المنصوص علیھا في المادة الثامنة عشر و ذلك لدعم جھود التنمیة الاقتصادیة في تل
  

 الشفافیة  
ا للمادة العاشرة، ھذه الاخیرة نصت على أن القوانین و الانظمة و الاحكام و نعني بالشفافیة إلتزام الدول الاعضاء نشر و تطبیق اللوائح المتعلقة بالتجارة و ذلك وفق

لقیود المتعلقة بالاستیراد و التشریعیة، القرارات الاداریة الساریة المفعول و التي قد تؤثر على حركة و اتجاه التجارة مثل التقییم الجمركي، معدل الرسوم و كذا ا
جھ السرعة و على نطاق واسع لتمكین الاطراف التجاریة من الاطلاع علیھا، كما یجب على الدول المتعاقدة نشر التدابیر و التصدیر یجب ان تكون محل نشر على و

  الاجراءات المتصلة بالتجارة قبل دخولھا حیز النفاذ.
  

 التنمیة الاقتصادیة  
قیة العامة للتعریفة الجمركیة و التجارة، حیث جاء في الجزء الرابع من الاتفاقیة و یعتبر تحقیق التنمیة الاقتصادیة خاصة في الدول النامیة أحد أھم مبادئ الاتفا

لدولة لصالح التنمیة الاقتصادیة، تحت عنوان "التجارة و التنمیة"، مبادئ و أھداف و كذا تعھدات الاطراف المتعاقدة، و قبلھا في المادة الثامنة عشر الدعم التي تقدمھ ا
ت سة و الثلاثون الى أن الاھداف الانمائیة لھذا الاتفاق تتمثل في رفع مستویات المعیشة وتطویر اقتصادیات الدول الاعضاء، كما أن عائداكما أشارت المادة الساد

داة تقدم اقتصادي و اجتماعي یة أالتصدیر للاطراف المتعاقدة خاصة الدول النامیة و الاقل نموا یمكن أن تلعب دورا ھاما في التنمیة الاقتصادیة، و تعتبر التجارة الدول
  مثلما أشارت لذلك الفقرة (ه) من نفس المادة.

 للتجارة العالمیة المنظمة مع المفاوضات مسار 5

 تاریخ 1987جوان  3 تعتبر الجزائر من الدول القلیلة التي شھدت أطول مراحل مفاوضات مع المنظمة العالمیة للتجارة، فكرونولوجیا المفاوضات تعود الى تاریخ
، لكن 1987جوان  17مام في تقدیم أول طلب للانضمام الى الاتفاقیة العامة للتعریفة الجمركیة و التجارة، و بعدھا تشكیل مجموعة العمل المكلفة بدراسات طلب الانض

یة للتجارة، و لقد قدمت الجزائر أول مذكرة للسیاسة ، تم تحویل الملف الى المنظمة العالم1995و مع إنشاء المنظمة العالمیة للتجارة و دخولھا حیز التنفیذ في جانفي 
 [8] ، و قد ضمت ستة محاور أساسیة:1996جویلیة  11التجاریة في 

  

 و قد ضمت عرض تفصیلي للوضعیة الاقتصادیة، السیاسة الاقتصادیة و أھدافھا، السیاسة النقدیة و الاقتصاد، السیاسة الاقتصادیة و التجارة الخارجیة :
 سیاسة ترقیة الاستثمار، مستوى الاسعار و المنافسة... سعر الصرف،

 و شملت صلاحیات السلطات التنفیذیة، التشریعیة و القضائیة، الھیئات الحكومیة المسؤولة إطار لوضع و تنفیذ السیاسات المؤثرة على التجارة الخارجیة :
 على إعداد و تنفیذ السیاسات التجاریة، التشریعات و القوانیین...

 لوائح الاستیراد، التصدیر، السیاسات المحلیة بشأن تجارة السلع و الزراعة، ....یاسة المؤثرة على التجارة في السلعالس : 
 و تمس تطبیق معاملة الدولة الاكثر رعایة، التدابیر فیما یخص منع إساءة استخدام حقوق الملكیة الفكریة، قائمة للوائح السیاسة التجاریة للملكیة الفكریة :

 و التشریعات التي تتناول الملكیة الفكریة...
 و تشمل القواعد العامة للتجارة في الخدمات بالاضافة الى القوانیین و التشریعات المتعلقة بھا...السیاسة التجاریة للخدمات : 
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 الجماعیة المتعلقة بالتجارة الخارجیة للسلع و  : و تشمل الاتفاقیات الثنائیة والقواعد المؤسساتیة للعلاقات الاقتصادیة و التجاریة مع الدول الاخرى
 الخدمات، اتفاقیات الاندماج الاقتصادي، الاتحاد الجمركي...

  
، لتجتمع بعد ذلك مع فریق العمل في 1997جویلیة  14سؤال و تقدیم توضیحات لفریق العمل و كان ذلك في  500بعد ذلك قامت الجزائر بالإجابة على أكثر من 

، و لم تحمل الجولة الاولى أي تقدم بل كانت مجرد جولة لجس 1998جانفي  22، و ذلك بعد الاجابة على الاسئلة الاضافیة في 1998افریل  23و  22أول جولة في 
   .رحلة تجسید الاصلاحات الاقتصادیةالنبض، خاصة و أن الجزائر مازالت في م

  
عھ جولتان في نفس السنة، لكنھا لم تأتي بالجدید، و قد قدمت الجزائر في أكتوبر من نفس السنة مذكرة و بعد اربع سنوات إجتمع فریق العمل في جولتھ الثانیة لتتب

ة، معاییر الصحة و الصحة ثانیة لسیاسة التجاریة و إجابات عن تساؤلات إضافیة بالاضافة الى معلومات حول القطاع الزراعي، الخدمات، العوائق الفنیة أمام التجار
جانفي  17، حیث شھد مسار المفاوضات الجولة العاشرة و بالضبط في 2008ق الملكیة الفكریة، و قد شھدت المفاوضات نوع من التقدم الى غایة سنة النباتیة، حقو

ائر توضیحات إضافیة بعد تقدیم الجز 2013أفریل  5، قبل أن تتوقف المفاوضات الى غایة السنة الفارطة، حیث إجتمع فریق العمل في جولتھ الحادیة عشر في 2008
، و قد شھدت ھذه الجولة تقدم ملحوظ في العدید من المجالات فیما بقیت محاور أخرى لم یتم التوصل الى اتفاق مثل: 2013و كذا خطة العمل التشریعیة في جانفي 

الجزائر المفاوضات مع كل من كوبا، فنزویلا، البرازیل و الخدمات، الملكیة الفكریة، سیاسات الدعم، الاستثمار، أما فیما یخص المفاوضات الثنائیة فقد انھت 
  بلد أخر. 13الاورغواي، سویسرا و الارجنتین فیما تبقى المفاوضات مستمرة مع 

  
شریعیة، ھذه ت التو من المنتظر أن تعقد الجولة الثانیة عشر مع نھایة شھر مارس من ھذه السنة، حیث تم تقدیم توضیحات جدیدة بالاضافة الى مخطط الاصلاحا

  .[9] الجولة ستكون متبوعة بسلسلة من الاجتماعات الثنائیة مع كل من كندا، أندونیسیا، مالیزیا، نیوزیلندا، تركیا و كوریا الجنوبیة
  

ل الشریكة في المفاوضات تواجھ الجزائر العدید من التحدیات تعرقل سعیھا للانضمام الى المنظمة العالمیة للتجارة، سواء من حیث تقدیم ضمانات كافیة للدو
و من المنتظر بدأ  الثنائیة أو الدول المشكلة لمجموعة العمل، ففي ما یخص المفاوضات الثنائیة تم الاتفاق بعض الاطراف و في مجملھا دول امریكا الجنوبیة

الامور معقدة بعض الشيء فیما یخص التعریفات الجمركیة  المفاوضات مع بعض دول قارة أسیا في انتظار الدول العربیة و الاتحاد الاوروبي و امریكا، و تبقى
بالمائة في حین متوسط التعریفة الجمركیة المطبقة على الدول العربیة  12المطبقة، حیث أن متوسط التعریفات الجمركیة المطبقة على واردات الاتحاد الاوروبي ھو 

  مع أحد مبادئ المنظمة العالمیة للتجارة ھو مبدأ معاملة الدولة الاكثر رعایة. بالمائة، و ھو ما یتناقض 16بالمائة و باقي الدول ھي  20ھي 
  كما تواجھ الجزائر بعض الاشكالات في العدید من القضایا مثل: الاستثمار، الدعم و حقوق الملكیة الفكریة.

بند و تبقى  121، حیث شمل 2002أفریل  22حقوق الملكیة الفكریة في  بالنسبة لقضایا المتعلقة بالاستثمار و المتصلة بالتجارة، فقد قدمت الجزائر توضیح بشان
قدمت  1998نذ سنة بعض الاشكالیات قائمة مثل: فعالیة التشریعات في حفظ الملكیة الفكریة، كما یبقى القطاع الزراعي یطرح إشكال امام المفاوضات، حیث و م

  ، حیث تم تقدیم توضیحات بشأن الدعم المحلي و دعم الصادرات للقطاع الزراعي.2013جوان  14الجزائر عشر مقترحات و توضیحات كان أخرھا في 
 
  

  : العروض و المراجعات في قطاع الزراعة1الجدول 
  التاریخ  العروض و المراجعة

  1998جانفي  30  العرض الاول
  2002افریل  8  العرض الثاني

  2004افریل  19  مراجعة
  2004ماي  18  مراجعة

  2005جانفي  28  مراجعة    
  2013فیفري  14  مراجعة  

  2013جوان  05  مراجعة
  

الاحیان مع  و بالنسبة للجانب التشریعي المرتبط بالتجارة الخارجیة فیبقى یشكل عقبة في طریق الانضمام بسبب عدم وضوح التشریعات و تناقضھا في بعض
  .2014فیفري  26التشریعات التي تمس التجارة الخارجیة في بعض بنود اتفاقیات منظمة التجارة العالمیة، حیث تم مراجعة 

 18، لتتبعھ عرض إضافي في 2002فیفري  8و بخصوص مسألة النفاذ الى الاسواق، ففي الجانب المتعلق بالتجارة في السلع، قدمت الجزائر العرض الاولي في 
  التجارة، معاییر الصحة و الصحة النباتیة بالاضافة الى تراخیص الاستیراد و التقییم الجمركي،، حیث تبقى بعض النقاط عالقة مثل: العوائق الفنیة امام 2013نوفمبر 
  

  العروض و المراجعات في مجال تجارة السلع :2الجدول 
  التاریخ  العروض و المراجعات

  2002مارس  8  العرض الاولي
  2003سبتمبر  18  مراجعة

  2007نوفمبر  05  مراجعة    
  2012یسمبر د 17  مراجعة   
  2013فیفري  01  مراجعة   

  2013نوفمبر  18  مراجعة
  

ي مراجعة حول التجارة في أما فیما یخص التجارة في الخدمات فھي الاخرى تشكل تحدي أمام الانضمام الى المنظمة حیث قدمت الجزائر في أكتوبر الماض
و  بالأجوبةوثیقة خاصة  31منھا  222سنة قدمت الجزائر  19نظمة العالمیة للتجارة و على مدار فمنذ تحویل ملف الجزائر الى فریق العمل على مستوى الم، الخدمات

  التوضیحات.
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  : العروض و المراجعات في تجارة الخدمات3الجدول 
  التاریخ  العروض و المراجعات

  2002مارس  8  العرض الاولي
  2002مارس  22  مراجعة

  2002افریل  22  جارة في الخدماتمعلومات حول السیاسات المؤثرة على الت
  2002نوفمبر  11  مراجعة
  2003سبتمبر  17  مراجعة
  2004جوان  15  مراجعة

  2005جانفي  18  مراجعة 
  2007نوفمبر  06  مراجعة   

  2013اكتوبر  25  مراجعة

 خاتمة 6

 على صراع و النمو معدلات في بطئ العالم فیھ یشھد الذي و الحالي الوقت في صةخا شاقا و طویلا الارجح على یبقى للتجارة العالمیة المنظمة الى الانضمام طریق إن

 و قرن، ربع من أكثر مفاوضاتھا مسار استمر التي تقریبا الوحیدة الدولة الجزائر تعتبر و الاوروبي، الاتحاد و الامریكیة المتحدة الولایات بین خاصة الخارجیة الاسواق
 الاستثمار و الزراعیة للمنتجات الصادرات دعم و المحلي الدعم و السلع في التجارة و الخدمات في التجارة الى بالاضافة الخارجیة للتجارة التشریعي الجانب من كل یعتبر

  ھذا. لیومنا المفاوضات طاولة على مازلت أنھا و خاصة للتجارة، العالمیة المنظمة الى للانضمام الجزائر طریق تعترض التي القضایا من

 في التجارة مجال في أما إتفاق، الى التوصل أمام الاكبر العائق البصري السمعي و الاتصال خدمات و الفندقیة و البنكیة الخدمات تشكل الخدمات في التجارة مجال ففي

 ما في أما العمل، فریق أعضاء حفیظة تثیر ازالتم الوقایة الواردات، و الصادرات أمام الكمیة القیود الجمركي، التقییم و الجمركیة الرسوم مثل القضایا فبعض السلع

 و بالاستثمار المتعلقة الجوانب أن كما الغموض، بعض ینتابھا مازال مجاورةال الحقوق و الھندسیة فالتصامیم الفكریة، الملكیة بحقوق المتعلقة التجاریة الجوانب یخص
 مثل: الاستثمار لحریة المقیدة القوانیین بعض بسبب ذلك و للتجارة العالمیة المنظمة الى الجزائر إنضمام دون یحول أساسي دور تلعب الاخرى فھي بالتجارة المتصلة

 الاكثر الدولة معاملة و الشفافیة مثل: الجزائري التشریع في غامضة مازالت المنظمة مبادئ بعض أن التصدیر،كما حدود أو المحلي المكون شرط كذا و 49/51قاعدى

  رعایة.

 بعض على وخیمة نتائجھ تكون قد بل الجزائر، منھا تعاني التي الاقتصادیة المشاكل یحل سوف للتجارة العالمیة المنظمة الى الانضمام بأن أنفسنا نوھم لا أن یجب لكن    

 مازالت أنھا إلا الاطراف المتعدد الاطار ھذا في دخولھا رغم و كبیر بشكل النفطیة صادراتھا على تعتمد لدول الیوم كبیرة فالامثلة الخدمات، و الزراعة مثل: القطاعات

 إقتصادیاتھا. في كبیرة مشاكل من نعاني
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ABSTRACT: Aeromonas hydrophila subsp. Dhakensis a causative agent of gastroenteritis disease present in Diarrheal faeces. 

Computational research for peptide vaccine against aeromonal protein has been Published. In this study, the complete 
genome sequence of a virulent Aeromonas hydrophila strain was retrieved from genomic database. We screened the 
genome and identify the protein which was least similar to the human. Antigen determinant peptide was predicted with 
different databases and ASA calculation. Identified antigen was designed 3D model and simulation was performed in 
discovery studio from the docking study. We identify LATL determinant were the best peptide having CDocker energy 
76.1367Kcal/mol. As this peptide was transmembrane protein it can be best potential vaccine. 

KEYWORDS: Peptide vaccine, Epitope design, Gastroenteritis, Docking, minimization and   Reverse vaccinology. 

INTRODUCTION 

Gastroenteritis is a diarrheal disease that occurs from bacteria as well as viruses. Bacteria like Aeromonas hydrophila 
subsp. Dhakensis infection Resulting in some combination of diarrhea, vomiting and abdominal pain and cramping. It is 
estimated that three to five billion cases of gastroenteritis occur globally on an annual basis, primarily affecting children and 
those in the developing world. It resulted in about 1.3 million deaths in children less than five as of 2008, with most of these 
occurring in the world's poorest nations. 

Gastroenteritis has many causes, Viruses and bacteria are the most common. The infectious agents can come from 
outside your body or internally from some abnormal condition. For example, both normal and disease-causing intestinal 
bacteria may grow when antacids or other medication alter the stomach acidity. Viruses and bacteria are very contagious and 
can spread through contaminated food or water. In up to 50% of diarrheal outbreaks, no specific agent is found. Improper 
hand washing following a bowel movement or handling a diaper can spread the disease from person to person. 
Gastroenteritis caused by viruses may last 1-2 days. On the other hand, bacterial cases can last a week or more. 

Reverse Vaccinology: 

The process of vaccine discovery starts in Insilco using the genetic information rather than the pathogen itself, this novel 
process can be named as reverse vaccinology. The reverse approach to vaccine development takes advantage of the genome 
sequence of the pathogen.  The genome sequence provides at once a catalog of virtually all protein antigens that the 
pathogen can express at any time. As this approach starts from the genomic sequence, by computer analysis, predicts those 
antigens that are most likely to be vaccine candidates. 
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MATERIALS AND METHOD 

To identify the Aeromonas pathogenic protein sequence for their antigenic properties the bioinformatics tools are used. 
The complete protein sequence of Aeromonas hydrophila subsp. Dhakensis was extracted from JCVI CMR 
(TIGRhttp://www.tigr.org) in the FASTA format. SDSC biological workbench is used for the purpose of screening the complete 
protein sequence. The least identity of the protein sequence was found by screening the protein sequence. The protein 
sequence which having least identity is used to find the epitope. The antigenic determinants (epitope) are found out by using 
EMBOSS antigenic. MAPPP (MHC-I Antigenic Peptide Processing Prediction) is used for binding prediction and proteasome 
cleavage prediction. This help to predict possible antigenic peptides to be processed and finally presented on the cell 
surfaces. The antigenic determinant having greater ASA (Accessible surface area) value is chosen to design a molecule by 
using discovery studio 2.5. 

RESULT AND DISCUSSION 

Screening:- The screening of protein sequence of Aeromonas hydrophila subsp. Dhakensis is done and the sequence having 
accession number AFH09486.1 had least identity 25.484% is found. The sequence having least identity is chosen and used for 
finding antigenic determinants using Emboss Antigenic. 

Identification of Epitope: The ASA values of the antigenic determinants were calculated. The antigenic determinant having 
greater ASA value is selected (Table 1). The result is compared with the MAPPP results for the binding of MHC 1 molecule 
(Table.3 & 4). The selected antigenic determinant is used to design the structure of epitope.  

Minimization: The designing and minimization of MHC molecule is done by using Discovery studio 2.5. The epitope 
LATLKADVQLGVD is designed. The minimization energy of MHC molecule is found to be -28014.32249  

Docking:- Docking is a method which predicts the preferred orientation of one molecule to a second when bound to each 
other to form a stable complex. Knowledge of the preferred orientation in turn may be used to predict the strength of 
association or binding affinity between two molecules. The epitope molecule is docked with MHC I molecule successfully is 
shown in the figure given below. The epitope molecule docked with MHC-I molecule successfully this shows that MHC I 
molecule represent the epitope to B cells. Cdocker energy of the interaction was found to be 76.1367Kcal/mol. 

 

Emboss Result(Table .1) 

#Sequence : AFH09486.1 

 Score 1.123 length 13 at residues 296->308 
                      * 
 Sequence: LATLKADVQLGVD 
           |           | 
   296           308 
 Max_score_pos: 307 
 ASA:30.76 
 

Antigenic plot for sequence 
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(Table.2) There are 13 antigenic determinants in your sequence: 

N Start Position Sequence End Position 

1 12 IGQALALLLKN 22 

2 26 AGSELSLYDIAPVTPGVAVDLSHIPTDVKVKG 57 

3 63 PSPALVGADVVLISAGVAR 81 

4 97 IVKNLVEKCAASCPKALIGIIT 118 

5 121 VNTTVAIAAEVLKKAGV 137 

6 142 RLFGVTTLDVIRAETFVAE 160 

7 162 KGLNVDKVRVNVIGGHSGVTILPLLSQ 188 

8 210 GTEVVEA 216 

9 227 MGQAACRFGLSLIK 240 

10 247 NVIECAYV 254 

11 260 HATFFAQPILLG 271 

12 274 GVETVLDYGKLSA 286 

13 295 MLATLKADVQLGV 307 
 

 

MAPPP 

Query parameters 

Start with 
Protein 
cleavage 

Cleavage algorithm FRAGPREDICT 

Min. residue cleavage prob. 0.6 

Min. fragment cleavage prob. 0.6 

MHC binding matrices SYFPEITHI 

MHC type(s) ALL 

Min. binding score 0.6 

Weight (cleavage:binding) 5:5 
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Query results 

Protein position Length   Sequence 

Epitope Position MHC type n-mer Overall score Cleavage Probability MHC binding score Group 

0..310 311 MKVAVLGAAGGIGQALALLL..MDGMLATLKADIQLGVDFVK 

NRLPAGSEL 21 HLA_B_2705 9 0.8347 0.9937 0.6757 n-term. trimmed   

NRLPAGSEL 21 HLA_B_2705 9 0.8378 1.0000 0.6757 n-term. trimmed   

LPAGSELSL 23 HLA_B_0702 9 0.8571 1.0000 0.7143 same length   

LPAGSELSL 23 H2_Ld 9 0.8871 1.0000 0.7742 same length   

LPAGSELSL 23 HLA_B_0702 9 0.8388 0.9634 0.7143 c-term. trimmed   

LPAGSELSL 23 H2_Ld 9 0.8688 0.9634 0.7742 c-term. trimmed   

LPAGSELSL 23 HLA_B_0702 9 0.8571 1.0000 0.7143 c-term. trimmed   

 

LPAGSELSL 23 HLA_B_0702 9 0.8571 1.0000 0.7143 c-term. trimmed 

LPAGSELSL 23 H2_Ld 9 0.8871 1.0000 0.7742 c-term. trimmed 

SELSLYDI 27 H2_Kk 8 0.8833 1.0000 0.7667 trimmed twice 

APVTPGVAV 35 HLA_B_0702 9 0.8566 0.9988 0.7143 n-term. trimmed 

NINAGIVKNL 91 HLA_A_0201 10 0.8234 0.9997 0.6471 n-term. trimmed 

GIITNPVNTT 114 HLA_A_0201 10 0.8235 1.0000 0.6471 n-term. trimmed 

EVLKKAGVY 129 HLA_A3 9 0.8256 1.0000 0.6512 trimmed twice 

EVLKKAGVY 129 HLA_A3 9 0.8256 1.0000 0.6512 c-term. trimmed 

RRLFGVTTL 140 HLA_B_2705 9 0.9324 1.0000 0.8649 n-term. trimmed 

RRLFGVTTL 140 HLA_B_2705 9 0.9324 1.0000 0.8649 trimmed twice 

AEAKGLNV 158 H2_Kk 8 0.8667 1.0000 0.7333 n-term. trimmed 

TILPLLSQI 180 HLA_A_0201 9 0.8470 0.9995 0.6944 c-term. trimmed 

TVLDYGKL 276 H2_Kb 8 0.8534 0.9971 0.7097 c-term. trimmed 

AMDGMLATL 290 HLA_A_0201 9 0.9167 1.0000 0.8333 n-term. trimmed 
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(Fig.1)Minimization of Antigenic Epitope 
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(Fig.2)Docking result 

 

CONCLUSION 

Gastroenteritis is a diarrheal disease that occurs from Aeromonas hydrophila subsp.Dhakensis infection Resulting in some 
combination of diarrhea, vomiting and abdominal pain and cramping. It is estimated that three to five billion cases of 
gastroenteritis occur globally on an annual basis, primarily affecting children and those in the developing world. It resulted in 
about 1.3 million deaths in children less than five as of 2008, with most of these occurring in the world's poorest nations. 

We have found the complete proteome sequence of the pathogen using TIGR and screening was carried out by SDSC 
Biology Workbench. We got 25.484% Identity. Antigenic Determinant was predicted, from which we have designed the 
epitope which binds to the MHC 1 molecule and selected the docked sequence using Discovery studio. 

Therefore, from the whole analysis concluded that this vaccine is the potent and also good for the further clinical studies.  
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ABSTRACT: The objective of this study was to investigate the effect of three drying temperatures (60, 70 and 80°C) on quality 

attributes of mango slices. The investigated quality attributes were: color change and rehydration ratio of dried mango slices. 
Result showed that drying temperatures had great effect on the quality attributes of mango slices. The color was measured 
from the surface and expressed in the Hunter L*a*b* system. Moreover, the total color change (∆E), chroma (color 
saturation), hue angle and browning index (BI) were determined. L* and b* parameters were found to decrease as affected 
by drying temperature and drying time, whereas a* parameter increases.  Results also indicated that drying time has 
significant effect on color change and rehydration ratio. The lowest total color change and highest rehydration ratio were 
obtained at drying air temperature of 80°C then 70°C and finally 60°C with drying time of 3,5 and 7 hours, respectively. In 
contrast to common practice, drying at elevated air temperature (80°C), instead of 60°C for a longer time, was optimal, since 
significant color changes of mango slices were not observed. Moreover, at increased temperature, drying time was 
considerably shortened from about 7 h to 3h, resulting in significant extension of drying capacity. 

KEYWORDS: Drying temperature; Mango; Quality; Color change; Rehydration ratio. 

1 INTRODUCTION 

Mango (Mangifera indica L.) is one of the tropical and subtropical fruit of great importance for both economical and 
nutritional point of view. It is considered to be a good source of carbohydrates; vitamin C and very rich source of pro-vitamin 
A. Since industrial capacities for the processing of highly perishable mangoes into storable products are limited due to 
seasonal over production of the fruits, drying of excess and partly defected mangoes is a promising preservation technique, 
meeting the processing requirements of small and medium-size producer [1]. Beside traditional sun drying by direct solar 
radiation, solar dryers and conventional overflow dryers are presently used by small-scale enterprises to reduce the water 
activity.  According to common practice for preservative-free as well as sulphited mangoes, drying air temperature ranges 
between 50 and 60 ºC. During sun and solar drying, even lower maximum temperatures are reached. Consequently, drying 
usually needs at least 20 h, resulting in low drying capacities or high investments, respectively. Observed quality deficiencies 
of the dried fruits caused by these long–term processes were mainly discoloration, such as browning or bleaching, and 
cracked or scorched products, while insufficient drying limits the shelf life of the product due to microbial spoilage. Drying air 
temperature and drying time were shown to be the primary factors influencing product color and water activity [1]. Currently 
hot air drying is the most widely used method in post-harvest technology of agricultural products. Using this method, a more 
uniform, hygienic and attractively colored dried product can be produced rapidly [2].  

The rehydration capacity and color characteristics are considered as the most important quality parameters for the 
dehydrated products. The rehydration capacity is used to express ability of the dried material to absorb water. The largest 
part of the dehydrated products must be rehydrated during their final use. Rehydration is a process performed in order to 
obtain an adequate restitution of raw material properties when dried material is in contact with water [3]. In some foods, as 
dry fruits for breakfast, the rehydration velocity is very important in the judgment of its quality [4]. 
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The first quality judgment made by a consumer on a food at the point of sale is its visual appearance. Appearance 
analyses of foods are used in maintenance of food quality throughout and at the end of processing. Color is one of the most 
important appearance attribute of food materials, since it influences consumer acceptability. Abnormal colors, especially 
those associated with deterioration in eating quality or with spoilage, cause the product to be rejected by the consumer [5]. 
The deterioration of the color attributes with drying conditions has been widely studied in a large number of fruits, mainly in 
apple [6], kiwifruit [7], cherries [8] and pineapple [4]. 

The color measurements can be used in an indirect way to estimate color change of foods, since it is simpler and faster 
than chemical analysis [7]. Hunter color parameters (L,a,b) have previously proved valuable in describing visual color 
deterioration and providing useful information for quality control in fruits and fruit products such as sultana grapes[9], 
concentrated fruit pulp[10], diced apple [11], pear puree [12] and banana [13].There are other parameters derived from 
Hunter L*,a*,b* scale: the total color difference (∆E), the saturation index or chroma that indicates color saturation and is 
proportional to its intensity. The Hue angle is another parameter frequently used to characterize color in food products.  

Therefore, the objectives of this study were :( 1) to investigate the effect of drying temperatures on color and rehydration 
ratio of mango slices and (2) to determine the optimum drying temperature for mango slices. 

2   MATERIALS AND METHODS 

2.1 RAW MATERIAL 

Fresh mangoes, var. Kent, from Mali, were purchased at the wholesale market in Goettingen, Germany. The mangoes 
were left for 5days for post-harvest ripening at 25±2ºC and 50% relative humidity [1]. The fruits were then washed, manually 
peeled using a stainless steel knife, and sliced using an electric food-slicer (Krups variotronic, Germany) to a thickness of 3 
mm. 

2.2  DRYING EXPERIMENTS 

Drying experiments were performed using a convective cross flow cabinet dryer (Heraeus, UT6120, Germany) at 
temperature of 60, 70 and 80°C. The dryer is consisted of heating unit, temperature control unit, drying chamber and 
centrifugal fan that has a fixed air velocity of 0.5 m/s. The average initial moisture content of the mango fruit was 82.5±0.4 %( 
w.b. ), as determined using a precision air-oven method, at a temperature of  135°C for 2 hours until constant weight was 
reached, according to the standard method of  AOAC [14] and moisture content on wet basis (w.b.) was calculated by the 
following equation: 

 
 dw

w
wb

WW

W
MC


  x100%                             (1) 

Where:  

MCwb   = moisture content, percent, wet basis 

Ww = weight of water, g 

Wd    = weight of dry matter, g 

Prior to starting the experiments, the dryer was adjusted to the selected temperature for about half an hour to reach 
thermal stabilization. Then the samples were uniformly spread in a single layer of 3mm thick on a tray. A representative 
sample of sliced mango for moisture loss assessment was placed in a circular wire mesh of 10cm diameter and placed onto 
the center of the tray. For the determination of the drying curve and estimation of total drying time,                    
the sample on the circular wire mesh was taken out of the drying chamber and weighed on a digital balance and placed back 
into the drying chamber every 30 min during the drying process. The digital top pan balance (Sartorius, Goettingen, 
Germany) of ±0.01g accuracy, was kept near to the drying unit and weight measurement process took less than 10 seconds 
time. The drying process was stopped when the moisture content decreased to about 9.5±0.2 % (w.b). At the end of the 
drying process, some of the dried samples were taken for color measurement and the rest were placed in plastic bags and 
wrapped by aluminum foil and stored at -18C for subsequent quality parameter measurements (rehydration ratio). All the 
experiments were replicated two times at each air temperature and the average values were used.        
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2.3  COLOR MEASUREMENT  

Color parameters were measured using a Minolta CR-310 Chroma-meter (Minolta, Japan). The chroma meter consisted of 
a respective measuring head and the data processor. The measuring head of the chroma meter CR-310 uses wide-area 
illumination and a 0° viewing angle and has 50mm-diameter measuring area to average the reading.  Hunter scale (L*, a*, b*) 
system was used. The instrument was calibrated with a standard white plate at D65 illumination before taking measurements 
(Y=94.3, x= 0.3156 and y= 0.3324) equivalent to HL system: HL = 97.10, a = -0.17 and b= 1.80. Calibration was made at each 
experiment. The parameter L* represents the brightness of the color, a* the hue range of the colors red (+) and green (-) and 
b*hue range of colors yellow (+) and blue (-).  Three measurements were made on the surface of sliced mango fresh and 
after drying and average values were made for calculation and each experiment was duplicated. From the color values, total 
color change (∆E), chroma (C), hue angle (h) and browning index (BI) were calculated using equations described by Maskan 
[7] as follows: 

2
0

2
0

2
0 )()()( bbaaLLE 

                            (2)
 

22 baChroma                                                                     (3) 

)(tan = angle Hue 1

a

b
                                                                 (4)        

Where; subscript “0” refers to the color reading of fresh mango slices. Fresh mango was used as a reference and a larger 
ΔE denotes greater color change from the reference material [7]. 
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2.4 REHYDRATION RATIO    

Rehydration characteristics of the dried products were used as a quality index and they indicated the physical and 
chemical changes that occurred during the drying and were influenced by processing conditions, sample compositions, 
sample preparation and extent of structural and chemical disruptions induced by drying [15]. 

Rehydration ratio was determined according to the official method of AOAC[16],   5g of dried sample was soaked for 60 
min in 50 ml distilled water, filtered through filter paper and then the filtrates were weighed (two measurements for each 
sample). The rehydration ratio (R/R) was used to express ability of the dried material to absorb water. It was determined by 
the following equation: 

Rehydration ratio (R/R) = 
1

2

W

W
                                             (6) 

Where:  W2 = weight of drained material, g 

               W1 = weight of dried material, g 

2.5 STSTISTICAL ANALYSIS 

Statistical analysis was conducted using Minitab version 16. Significant differences (p<0.05) between means were 
evaluated by one-way ANOVA and Tukey’s test. Results were presented as mean± standard deviation (SD). 
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3 RESULTS AND DISCUSSION 

3.1  EFFECT OF DRYING TEMPERATURE ON DRYING TIME AND MOISTURE CONTENT 

The effect of drying temperature on the time required to reach the final moisture content of 9.5±0.2 (w.b.) is shown in 
Fig. 1. As expected, the moisture content decreased considerably with increasing drying temperature. The time required to 
reduce the moisture content to any given level was dependent on the drying temperature, being highest at 60°C and lowest 
at 80°C. The time required to reduce the moisture content of mango slices from 82.5±0.4 % (w.b.) to the final 9.5±0.2 % 
(w.b.) was 3, 5 and 7 h at 80°C,70°C and 60°C, respectively. It was observed that the main factor influencing drying time was 
the drying air temperature, as noted in other studies [17],[18]. Thus, a higher drying air temperature produced a higher 
drying rate and consequently the moisture content decreased faster. This is due to increase of air heat supply rate to the 
product and the acceleration of water migration inside the mango slices.  

3.2 EFFECT OF DRYING TEMPERATURE ON COLOR PARAMETERS 

3.2.1 COLOR PARAMETERS L*, a*, b* AND TOTAL COLOR CHANGE (∆E) 

The results of color measurements on fresh and dried mango slices at different drying temperatures are shown in Table 1 
and Fig.2. The lightness (L*) and yellowness/ blueness (b*) values of all of the samples decreased from 70.39 to 65.16 and 
36.49 to 34.41, respectively. However, the redness/ greenness (a*) value increased from -3.44 to -0.25. All of the color values 
of fresh mango did not differ significantly from the values of the dried mango slices (p<0.05). Among all of the drying 
temperatures used for mango slices, the closets value to the color of  fresh mango slices was obtained at 80°C. While the raw 
material was characterized by an average greenish shade of the yellow slice surface as represented by a chromaticity 
coordinate of a*=-3.44±0.14, this values was increased towards positive direction regardless of drying temperature indicating 
that the sample color shifting to redness. However, all applied air temperatures did not cause browning (a*<1.0). These 
results are in agreement with findings of Pott et al.[1] (2005). On the other hand, it was observed that the lightness, L*, for 
mango slices decreased with drying temperature and drying time. Since it is a measure of the color in the light-dark axis, this 
falling value indicates that the samples were turning darker. It has been stated that the variation in the brightness of dried 
samples can be taken as a measurement of browning [5], [12]. These findings indicated that the lightness (L*) was inversely 
correlated with the drying time and drying temperature. These results are in well agreement with those reported by Arsland 
and Özcan [19] for oven drying of pepper slices, Karabulut et al. [20] for apricot drying and Maskan [7] for kiwifruit drying. 
The decrease in the L* value can be attributed to the formation of brown pigment during drying [19]. It is clear that browning 
increases with an increase in drying temperature and time [21], [22]. Avila and Silva [5] examined the color degradation of 
peach puree as affected by heat treatment. Peach puree became darker, corresponding to a decrease in L* value and an 
increase in a* value, with increasing temperature. Moreover, the loss of yellowness was also expressed by a decrease in the 
b* value. They concluded that the major causes of color change were due to carotenoid degradation and non-enzymatic 
browning (Maillard). 

The total color change (∆E), which is a combination of parameters L*, a* and b* values, is a colorimetric parameter 
extensively used to characterize the variation of colors in foods during processing. It was calculated from Eq. (2). The color 
change parameter had lowest value of 7.24 at 80°C (3 h) and highest value of 26.39 at 60°C (7h). Thus, drying temperature 
and drying time had a great effect on total color change of dried mango slices. An increase in ∆E was observed with drying 
time and drying temperature (Table 1.).  The lowest total color change (Δ E) was recorded at 80°C as shown in Fig. 3. From 
this result it could be concluded that 80ºC is the optimum drying temperature for mango slices. 

3.2.2. CHROMA, HUE ANGLE AND BROWNING INDEX (BI) 

The values of the chroma, the hue angle and the browning index were calculated using Eqs. (3) - (5) and are shown in 
Table.2. The chroma values decreased during drying process and closely followed the b* values (Fig. 3.), and were found to 
be 36.65, 34.41, 34.49 and 35.44 for fresh, 60°C, 70°C and 80°C, respectively. The chroma value indicates the degree of 
saturation of color and is proportional to strength of the color. Little change in values of chroma was found between fresh 
and dried fruit and they were not significant (P<0.05) among the drying temperatures considered in this study. This indicates 
stability of yellow color in mango fruit. On the other hand, the hue angle values were also decreased from about 95.39 to 
90.41 during drying process. It suggested reduction from a more green (when Hue>90°) to an orange-red (when Hue <90º) 
color of dried mango slices. Similar findings were reported by Maskan [7] for color change of kiwifruits, Ramallo and 
Mascheroni [4]for color change of pineapple and Izli and Isik [23]for dent corn drying. The changes in hue angle values were 
not significant (P<0.05) compared to drying temperatures. Another color parameter is the browning index (BI) which 
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represents the purity of brown color and is reported as important parameters in processes where enzymatic and non-
enzymatic browning taking place [24].  In this study, the browning index (BI) values were found to be 65.66, 71.24, 68.52and 
67.37 for fresh, 60°C, 70°C, 80°C, respectively. Statistically, the change among the three temperatures, was not significant 
(P<0.05). However, these results suggested that drying time strongly affected the color quality of mango fruit.  

3.3  REHYDRATION RATIO OF DRIED MANGO SLICES  

  The capability for fast and complete rehydration is considered to be one of the most important characteristics of 
dried mango slices. The rehydration ratio of mango was measured at ambient temperature of 20°C. Fig.4. shows rehydration 
ratio versus drying temperature. It is clear that drying temperature 80°C scored the highest rehydration ratio, then 70°C and 
finally 60°C. There is decreasing rehydration ratio with increasing drying time. This may be due to changes in the structure/ 
texture of the samples during long time drying. From these results it could be concluded that 80°C is the optimum drying 
temperature for mango slices. 

4 CONCLUSIONS 

The results revealed that drying temperature had great effect on color change of mango slices. Increasing the 
temperature caused a significant decrease in the drying time. Statistical analysis of data revealed no significant difference 
(P>0.05) among color at the different drying temperatures. However, these results suggested that drying time strongly 
affected the color quality of mango fruit.  Mango slices dried at 80°C had better rehydration ability and less color change than 
those obtained by 60°C and 70C. Hence, 80°C drying temperature was the best condition for mango quality preservation. 
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Table 1. Effect of drying temperature on color parameters of mango slices 

Treatment L* a* b* Total color change (∆E) Drying time (h)  

Fresh 70.39±1.12 -3.44±0.18 36.49±0.5 - - 

60ºC 65.16±1.3 -0.21±0.9 34.41±0.3 26.39±0.77 7 

70°C 66.11±1.24 -1.59±0.25 34.55±0.4 22.54±0.14 5 

80°C 67.92±1.1 -2.31±0.31 35.36±0.5 7.24±0.13 3 

Values are: means ± standard deviation (SD). 

Table 2. Effect of drying temperature on Chroma, Hue angle and Browning index of mango slices 

Treatment Chroma Hue angle  (degree)  Browning index (BI) 

Fresh 36.65±0.53 95.39 65.66 

60°C 34.41±0.95 90.41 71.24 

70°C 34.59±0.47 92.64 68.52 

80°C 35.44±0.59 93.73 67.32 

 

 

Fig. 1. Effect of drying temperature on the drying time and moisture content of mango slices. 
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Fig. 2. Effect of drying temperature on color parameters  

 

Fig. 3. Effect of drying temperature on total color change (ΔE) 
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Fig. 4. Effect of drying temperature on rehydration ratio of the dried mango slices. 
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ABSTRACT: This study investigated the causality of the relationship between life insurance business and economic growth of 

Nigeria for the period 2000-2011. Pearson’s Product Movement Correlation Coefficient was used to test the hypothesis to 
determine the extent of the causality of the relationship between life insurance business and economic growth. The 
researcher graphically measured the ratio of life insurance premium to Gross Domestic Product (GDP). The study revealed 
that there was significant causal relationship between life insurance business and economic growth of Nigeria. It was also 
discovered that despite the high degree of the causality of the relationship between life insurance premium and GDP, that 
life insurance premium has not been able to make a meaningful contribution to economic growth of the country. The study 
concluded that life insurance business has not effectively contributed to the growth of Nigeria economy due to low 
consumption, and that individual and corporate organizations have failed to embrace life insurance policies in Nigeria. The 
researcher therefore, recommended that National insurance commission (NAICOM) should enforce the compulsory group 
life insurance policy, and ensure that there is high level of transparency initiative and efficiency in Nigeria insurance industry. 
This would go a long way in mitigating the factors that hinder individuals and organizations in embracing life insurance 
policies in Nigeria. 

KEYWORDS: Life Insurance, Premium, Economic Growth. 

1 INTRODUCTION 

Life insurance is a social security scheme that provides benefits when certain events occur, or certain conditions exist, 
that may adversely affect the welfare of the households concerned. It is a scheme that retards the adverse effect of 
economic insecurity, which arises as a result of the disability or death of a breadwinner in a household. Modern life insurance 
policies were established in the early 18th century. The first company to offer life insurance was the Amicable Society for a 
Perpetual Assurance Office, founded in London in 1706 by William Talbot and Sir Thomas Allen (Oviatt, 1905).

 
Life insurance 

is a contract between an insured (insurance policy holder) and an insurer, where the insurer promises to pay a designated 
beneficiary a sum of money (the "benefits") in exchange for a premium, upon the death of the insured person. Depending on 
the contract, other events such as terminal illness or critical illness may also trigger payment. The policy holder typically pays 
a premium, either regularly or as a lump sum. Other expenses (such as funeral expenses) are also sometimes included in the 
benefits. Life insurance companies are financial intermediaries that bring together the surplus spending unit and the deficit 
spending unit for the purpose of the insurer protecting the financial interest of the beneficiary in the event of the demise of 
the insured (Catalan, Impavido and Musalem, 2000; Impavido and Musalem, 2000).  
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Life insurance companies play an increasingly important role within the financial sector. While during the period 1980-85 
total assets of life insurance companies constituted only 11% of GDP for a sample of 13 countries, for which data were 
available, they constituted 28% for the period 1995-97 in the same countries. This increased importance was also reflected in 
the business volume of life insurers. Whereas life insurance penetration – the ratio of premium volume to GDP – was at 1.2% 
during the period 1961-65, it reached 4.2% in the period 1996-2000 for a sample of 19 countries, for which data were 
available (Beck and Webb, 2002). While this increased importance of life insurance both as provider of financial services and 
of investment funds on the capital markets is especially pronounced for developed countries, many developing countries still 
experience very low levels of life insurance consumption, which affects the contribution of life insurance business to 
economic growth. Beck and Webb (2002) however, stated that even within the group of developing countries, there are 
striking differences. While South Africa’s penetration ratio was 12.7% over the period 1996-2000, Syria’s was less than 0.01%. 
Given the large variation in the use of life insurance across countries, the question of the causes of this variation and 
therefore the effect of life assurance business on economic growth arises. 

Life Insurance is one of the cornerstones of modern-day financial services sector. In addition to its traditional role of 
managing risk, life insurance market activity, both as intermediary and as provider of benefit to the insured or its beneficiary 
in the case of death, may promote growth by allowing different life insurance risks to be managed more efficiently, 
promoting long term savings and encouraging the accumulation of capital, serving as a conduit pipe to channel funds from 
policy holders to investment opportunities, thereby mobilizing domestic savings into productive investment (Skipper, 2001 
and Arena, 2008). Life insurance companies act as a vehicle for the mobilization of savings for long term investment purpose, 
leading to economic growth and development. Through financial intermediation, life insurance product has become a key 
source of long term finance, encouraging the development of capital markets (Catalan, Impavido and Musalem, 2000; 
Impavido and Musalem, 2000). A thriving life and non-life insurance business is not only evidence of an efficient financial 
service sector, but it is also a key barometer for measuring a healthy economy (Omoke, 2012). 

Indeed several studies have found evidence that the development of the life and non life insurance sector is related to 
economic growth and key elements in the economic development of a country (Arena, 2008; Webb, Grace and Skipper, 
2002; Ward and Zurbruegg 2000; Webb, 2000 and Soo, 1996). Kumar and Prakash (2012) states that some research suggests 
that the positive contribution of life insurance to growth is primarily through the channel of financial intermediation and long 
term investments. It is thus expedient for a country like Nigeria that has witnessed a prolonged period of recession and 
macro-economic instability to initiate a strong financial market via life insurance companies for economic recovery.  

Life insurance business starts thousands of years back, but it seems as if it is at the preliminary stage as compared to 
banking industry. It appears that organizations and individuals failed to patronize life assurance product and see it as a 
product that is futile. Some of the organization and individuals in Nigeria are still ignorant and unaware of the existence and 
roles of the different types of life assurance policies made available to enhance economic security. Olagbegi (2008), states 
that the level of insurance awareness in Nigeria, a factor that influences the degree of patronage, remains one of the lowest 
in the world. Buttressing his point with records sourced from the industry, he showed that Nigeria, with a population of over 
140 million people has an insurance density of about 5-10%, as against 40-50% in some developing countries, and 90-98% in 
most developed countries. Many Nigerians seem not to have proper understanding of the immense benefits that life 
insurance offers, and some refused to patronize life insurance business due to non claims payment by insurance companies 
and ignorance (Agabi, 2010). However, this research work will examine the level significance relationship between life 
insurance business and economic growth.  

2 LITERATURE REVIEW 

2.1 THEORETICAL FRAMEWORK 

The theories adopted in this research is the Modern Theory of Financial Intermediation and Growth theory  

Modern Theory of Financial Intermediation 

Merton and Bodie (1995) developed a theory called modern theory of financial intermediation which comprises 
traditional theory and the changes in financial environment. The modern theory of financial intermediation emphasizes six 
core functions of insurance to include: provision of means for clearing and settling payments to facilitate exchange of goods 
and services; provision of mechanism for pooling resources; resources allocation; risk management; provision of price 
information to help in coordinating decentralized decision making in various sectors of the economy and provision of means 
to tackle the problem of moral hazard, physical hazard and information asymmetry. For the purpose of this study, the 
enumerated functions by Merton and Bodie (1995) could be expressed as resources accumulation, resource allocation, 
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managing various risks and facilitation of exchange. It is by realizing these functions that the life and non life insurance 
companies contributes to economic growth. Skipper (1997) show that insurance market activity, both as a provider of risk 
transfer and indemnification and as an institutional investor, may contribute to economic growth in the following ways: (a) 
mobilizing domestic savings; (b) allowing different risks to be managed more efficiently, thereby encouraging the 
accumulation of new capital; (c) boosting financial stability; (d) facilitating trade and commerce (the most ancient insurance 
activity); (e) supporting to reduce or mitigate losses; and (f) fostering a more efficient allocation of domestic capital. 

Beck and Webb (2003) assert that life insurance provides individuals and the economy as a whole with some financial 
services. First, life insurance takes increasing magnitude as a way for individuals and families to manage income risk. Next, 
life insurance products expedite long-run savings and the re-investment of substantial sums in private and public sector 
projects. Life insurance products offer a means for disciplined contractual saving and have become effective as instruments 
for boosting substantial amounts of savings. Third, life insurance mobilizes funds through attractive medium and long-term 
savings products that enhance economic growth. Long-term finance provided by life insurers may have an especially decisive 
role in economics, which needs such financing for infrastructure development. Haiss and Sümegi (2008) analyze the manifold 
channels of influence on the insurance sector and economic growth: risk transfer, substitute savings, investment, 
institutional extents of influence, and possible sources of contagion and repercussions to the economy. Moreover, Sümegi 
and Haiss (2008) present that overlooking the insurance sector may be among the causes why the finance-growth nexus 
seems to have become less robust. 

The Growth Theory 

The theory of economic growth developed in the 1950’s by R. Harrod (Great Britain) and E. Domar (USA) was based on 
Keynesian premises. In the Keynesian approach to the analysis of economic growth, demand does not automatically equal 
supply, nor do savings automatically equal investments; demand especially the demand for capital investment plays a key 
role in economic growth; and the basic technological coefficients (for example, the relationship of capital to product, and of 
labor to capital) remain unchanged because of the rigidity of prices and are determined by the neutral quality of 
technological progress that is, by such technological progress as does not influence the effectiveness of production factors. 
The growth theory states that well developed financial intermediation can promote economic growth through marginal 
productivity of capital, efficiency of channeling savings to investment, savings rate and technological innovations (Eze and 
Okoye, 2013). The channels to growth model tries to link the financial intermediation function of insurance companies to 
economic growth. Webb, Grace and Skipper (2002) stated that life insurance reserves can be used as approximation of the 
investment function, they used technical reserves of both life and non-life insurance companies as a proxy for their 
investment function (IF), and the expected effect on economic growth is positive. Life and non life insurance as a financial 
intermediation contribute to economic growth through accumulation of productive capital within an economy and the 
Improvement of the efficiency of investments (Conyon and Leech, 1994; Skipper and Kwon, 2007; Dorfman, 2008). 

2.2 EMPIRICAL REVIEW 

Catalan, Impavido and Musalem (2000) analysed Granger Causality of insurance asset for 14 OECD and 5 developing 
countries over the period 1975 to 1997 vis-à-vis GDP growth (among others). According to their analyses, contractual savings 
seems to have some connection to Market Capitalization (MC) and Value Trade (TC) in the majority countries. The correlation 
between MC and pension funds is the same as with MC and contractual savings, but the nexus of pension funds-VT is mixed. 
The Catalan et al (2000) analyses, 9 OECD countries support the life insurance- MC link, the result for the developing 
countries are mixed. Evidence for the connection of life insurance to VT is not so strong in OECD countries, whereas, the 
majority of non OECD countries show this linkage. The impact of non-life business is almost equal to the impact of the life 
business for MC and less for VT. The linkage proposed by the author between contractual savings and MC or VT seem to hold 
for OECD countries, especially for countries in small and tight market but enabling regulatory environment. The second 
proposition- to favour contractual saving over institutional investors (e.g. non-life insurance) – is also supported by the result 
and induces the authors to recommend an appropriate sequencing of financial institutions’ development. 

Arena (2008) used dynamic models of panel data for 55 countries and for the 1976-2004 periods. His study was on the 
causal relationship between insurance market activity and economic growth. He uses data for non-life and life insurance 
premiums in order to assess potentially different effects on economic growth, measured by growth in real GDP per capita. As 
additional explanatory variables he useds private credit, stock market turnover, initial GDP per capita, openness, government 
consumption, inflation, human capital, and terms of trade changes data. He found support for causal effect of insurance to 
economic growth. However, the research results evidence different impact of life and non-life insurance on economic 
growth. While life insurance premiums positive effect on economic growth is driven by high-income countries only, non-life 
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insurance premiums effect on economic growth is driven by all countries, although a larger effect is found in high-income 
countries.  

Webb, Grace and Skipper (2002) examine whether banks, life and nonlife insurers individually and collectively contribute 
to economic growth by facilitating the efficient allocation of capital using revised Solow-Swan model of economic growth. 
They use cross-country data for 55 developed and developing countries, excluding ex-communist European economies, for 
the period 1980-1996. In addition to average penetration of life and non-life insurance, as explanatory variables for GDP per 
capita growth, they use average growth rate of capital stock per capita, average penetration of banking activity, average level 
of exports as a share of GDP, average government expenditure share of GDP, natural log of initial real GDP per capita and 
data on proportion of the population over 25 who have completed primary school. They found that the exogenous 
components of banking and life insurance penetration are robustly predictive of increased productivity. Synergy between 
banks and insurers exists, which indicates that banks and insurers collectively provide greater benefits than it would be by 
summing their individual contributions. Additionally, they found that there is no link between economic growth and non-life 
insurance. Economic growth affects life insurance penetration while it does not predict banking development. 

Kugler and Ofoghi (2005) use the components of net written insurance premium to evaluate a long run relationship 
between development in insurance market size and economic growth by using Johansen’s λTrace and λmax co integration 
tests. In addition, they use Granger causality tests with disaggregated measures of specific classes of long-term and general 
business insurance for the United Kingdom. Disaggregated data for long-term insurance includes yearly and single premium 
(including life insurance, annuities, individual pensions and other pensions) for the period 1966-2003 and for general 
business insurance, includes motor, accident and health, liability, property, pecuniary loss, reinsurance and MAT (Marine, 
Aviation and Transport) for the period 1971-2003. For most of variables and for at least at 5% level of significance, co 
integration tests confirmed long run relationship between development in insurance market size and economic growth. 
Causality tests’ results show for eight out of nine markets (the exception is pecuniary loss insurance) that the long run 
relationship between insurance market size development and economic growth is present rather than there is cyclical effect. 
In the short run, growth in life (both yearly and single premium), liability and pecuniary loss insurance causes economic 
growth. Additionally, they found that causality from GDP growth to insurance market size development is more powerful 
than the causality from the other side. 

Oke (2012) used fixed effect model and co-integration analysis to determine the short-run and long-run relationship 
between economic growth and insurance sector growth and development in Nigeria. The study spanned from the period of 
1986 to 2009. The result reveals that insurance sector growth and development positively and significantly affects economic 
growth. The result of the granger causality test indicates that the extent of influence the insurance sector growth had on 
economic growth was limited and not direct because of some cultural, attitudinal traits and values in the economy. 

Shittu (2012) carried out a study on financial intermediation and economic growth in Nigeria for the period of 1970 to 
2010 using unit root test, cointegration test, Error Correction Model (ECM) and Engle-Granger causality test. The result 
observed that the financial intermediaries have significant impact on the growth of Nigerian economy. 

Odhiambo (2011) in a study “dynamic causal relationship between financial development, economic growth and poverty 
reduction in South Africa for the period of 1960 to 2006” using a trivariate causality model and error correction model (ECM) 
in data analysis. The study reveals that the hypothesis of finance-led growth do not hold in South Africa. The result shows 
that finance has nothing to do with the growth of South African economy. That whether finance or not, the economy 
continue to grow. 

 Mojekwu, Agwuegbo and Olowokwdejo (2011) used a dynamic factor model to estimate the impact of insurance 
contributions on the growth of Nigerian economy within the period of 1981 to 2008. The result indicates that the functional 
relationship between the volume of insurance contribution and economic growth in Nigeria is a first order autoregressive 
model. This model observed that economic growth is positively correlated with insurance contributions. This implies that if 
insurance contribution increases, economic growth will as well increase. 

Anthony and Luke (2011) in their study on “the effect of insurance business on economic development in Nigeria” using 
descriptive survey and random sampling techniques. The findings revealed that insurance companies provide financial 
services to some substantial number of people in the economy and that insurance helps in capital accumulation than 
payment of reparation of loses. 

Peter and Kjell (2006) worked on the relationship of insurance and economic growth, a theoretical and empirical analysis. 
They applied a cross country panel data analysis using annual insurance premium data from 29 European countries over the 
1992 to 2004 period. They observed a weak evidence for a growth-supporting role of life insurance and explain this with 
similarities to recent bank and stock sector findings. 
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Haiss and Sümegi (2008) applied a cross country panel data analysis from 29 European countries in the period from 1992 
to 2005 to study the relationship between insurance companies and economic growth in Europe. Ordinary least squares 
(OLS) estimate and time-fixed effects were used in data analysis. They observed that there is a positive impact of life 
insurance on GDP growth in the 15 European countries; while non life insurance has a larger impact in Central and Eastern 
Europe.  

Wadlamannati (2008) examined the effects of insurance growth and reforms along with other relevant control variables 
on economic development in India in the period from 1980 to 2006. Growth of insurance was penetration (life, non-life and 
total insurance). Using Ordinary Least Square (OLS), co-integration analysis and error correction models (ECM), the study 
finds that reforms in insurance sector do not affect economic activities; but their growth has positive impact oneconomic 
growth.  

Marijuana, Sandra and Lime (2009) empirically examined the relationship between insurance sector development and 
economic growth in 10 transition European Union member countries in the period from 1992 to 2007. Their findings show 
that, insurance sector development positively and significantly affects economic growth. The results are confirmed in terms 
of life and non-life insurance, as well as total insurance. 

Eze and Okoye (2013), employed unit root tests, Johansen co-integration test and error correction model with data 
spanning from 1980-2011. The aim of their study is to estimates and analyses the impact of insurance practice on the growth 
of Nigerian economy, and to determine the short and long run effect of the model. The study observed that the insurance 
premium capital has significantly impacted on economic growth in Nigeria; that the level of total insurance investment has 
significantly effected on economic growth in Nigeria; and that there is causal relationship between insurance sector 
development and economic growth in Nigeria. 

Verma and Bala (2013) employed Ordinary Least Square regression model to examines the relationship between the life 
insurance and economic growth in India. The total life insurance premium (TLIP), and total life insurance investment (TLII), 
are used as proxy for life insurance and Gross Domestic Product (GDP) is used for the economic growth. The data has been 
compiled from the Handbook on Indian Insurance Statistics, IRDA annual reports and economic survey for the time period 
1990-91 to 2010-11. The Ordinary Least Square regression model is used for data analysis. The Breusch-Godfrey Serial 
Correlation LM, Heteroskedasticity: Breusch-Pagan-Godfey, Jarque- Bera, Collinearity Diagnoses tests were applied to check 
robustness of the OLS regression model. The results provide empirical evidence that life insurance has both positive as well 
as significant influence on the economic growth in India. 

 Akinlo (2013), in his work on causal relationship between insurance and economic growth in Nigeria over the period 
1986-2010. Employed The Vector Error Correction model (VECM). The cointegration test shows that GDP, premium, inflation 
and interest rate are cointegrated when GDP is the edogeneous variable. The granger causality test reveals that there is no 
causality between economic growth and premium in short run while premum, inflation and interest rate Granger cause GDP 
in the long run which means there is unidirectional causality running from premium, inflation and interest rate to GDP. This 
means insurance contributes to economic growth in Nigeria as they provide the necessary long-term fund for investment and 
absolving risks. 

Hussels, Ward and Zurbruegg (2000) examined short and long dynamic relationships between economic growth, 
measured by annual real GDP, and insurance industry, measured by total real premiums, for nine OECD countries for the 
period 1961-1996. As additional explanatory variables they used changes in private saving rates, the general government 
budget surplus, population size, the general government level of current expenditure and youth plus old age dependency 
ratios, measured as the proportion of the total population under 16 and over 65 years of age. Based on bivariate VAR 
methodology to test for Granger causality4 authors found that the causal relationship between economic growth and 
insurance market development vary across countries. They did not determined the exact causes although they express their 
suspicions that possible causes are country-specific nature of cultural, regulatory and legal environment, the improvement in 
financial intermediation and the moral hazard effect of insurance. 

Adams, Andersson, Andersson and Lindmark (2009) analyze long-run historical relation between banking, insurance and 
economic growth in Sweden using time-series data from 1830 - 1998. They use econometric tests for co integration and 
Granger causality to identify conjoint effects of banking and insurance and economic growth. In addition to the whole period, 
they use Granger causality tests for three sub-periods (1830-1888, 1889-1948 and 1949-1998). They use log of annual per 
capita growth in the rate of real GDP to measure national economic growth, data for the total (central, commercial and 
savings) annualized amount of real bank lending to the non-bank public on a per capita basis to represent bank credit 
variable and real annualized value of total premiums (life and non-life) per capita to represent insurance penetration 
variable. They found that the development of bank lending activity preceded economic growth in Sweden during the 
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nineteenth century and increased the demand for insurance, while Granger causality was reversed in the twentieth century. 
Additionally, they found that in later sub-periods insurance development fosters demand for banking services but only in 
times of economic prosperity. Their results for the entire period indicate that banking has the predominant influence on both 
economic growth and the demand for insurance while insurance market appears to be driven more by the pace of economic 
growth rather than leading economic development. 

The above empirical review of related research work proved that insurance industry business activities contributes to 
economic growth, that there is a significant and causal relationship between insurance business and economic growth. It was 
also seen from the empirical reviews that life insurance business has significant effect on economic growth only in develop 
countries, while it’s significant effect is not found in developing countries. 

3 RESEARCH AND METHODOLOGY 

3.1 INTRODUCTION 

The study examined the significance of the causality relationship between life insurance business and economic growth in 
Nigeria. In this section, the researcher presented the research design, source of data collection, method of data analysis, 
testing of hypotheses, and discussion of results. 

3.2 RESEARCH DESIGN: 

In this research work, the researcher will employ ex-post facto analytical research design. It is an Ex-post facto research 
because the researcher makes use of existing data rather than new data gathered specifically for the study. 

3.3 SOURCE OF DATA COLLECTION 

The researcher used only secondary method of data collection in obtaining data for the work. The data were sourced 
from Nigeria Insurance Digest and IMF world economic data. 

3.4 MODEL SPECIFICATION 

The Pearson’s Product Movement Correlation Coefficient is used in this study. The correlation matrix was run using SPSS 
19.0. 

3.5 TESTING OF HYPOTHESES 

In this section the researcher analyzed the significant causal relationship between life assurance business and economic 
growth of Nigeria from 2000-2011. 

HYPOTHESIS I 

There is no significant causal relationship between life assurance business and economic growth of Nigeria. 
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Table 1. Structure showing life insurance premium and GDP (in Billion) 

Year Life Insurance Premium (b) GDP(b) 

2000 5.1 4717.33 

2001 6.4 4909.53 

2002 8.3 7128.20 

2003 10.2 8742.65 

2004 12.2 11673.60 

2005 12.9 14735.32 

2006 12.7 18709.79 

2007 15.8 20874.17 

2008 29.3 24552.78 

2009 34.3 25102.78 

2010 39.8 29584.84 

2011 54.3 36552.84 
Source: Nigeria Insurers Digest and CBN Statistical Bulletin 

Table 2. causal relationship between life assurance business and economic growth of Nigeria (in Billion) 

 GDP Life Insurance Premium 

 GDP   Pearson Correlation 1 .945
**

 

 Sig. (1-tailed)  .000 

 N 12 12 

Life Insurance 
Premium 

 Pearson Correlation .945
**

 1 

 Sig. (1-tailed) .000  

 N 12 12 

SPSS 19.0. Correlation is significant at the 0.01 level (1-tailed). 
 

4 DISCUSSION OF THE RESULTS 

Life insurance premium has a positive relationship and a significant relationship with GDP in Nigeria. The strength of the 
relationship of .945 indicates a very high degree of positive relationship between life insurance premium and GDP. The 
significance value .000 indicates that the relationship is not only positive but highly significant. The null hypothesis is 
rejected. It is therefore, observed that there is significant causal relationship between life insurance premium and economic 
growth (GDP) in Nigeria. 

Table 3. life insurance percentage to GDP 

Year Life Insurance Premium (b) GDP(b) Percent of life insurance to GDP 

2000 5.1 4717.33 0.108 

2001 6.4 4909.53 0.130 

2002 8.3 7128.20 0.117 

2003 10.2 8742.65 0.117 

2004 12.2 11673.60 0.105 

2005 12.9 14735.32 0.088 

2006 12.7 18709.79 0.069 

2007 15.8 20874.17 0.076 

2008 29.3 24552.78 0.119 

2009 34.3 25102.78 0.137 

2010 39.8 29584.84 0.135 

2011 54.3 36552.84 0.149 
Source: Filed Survey 2014. 
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Table 3 indicates that N5.1 billion representing 0.108% of the Nigeria GDP of N4717.3billion was generated as Life 
Insurance Premium in the year 2000, N6.4billion representing 0.130% of the Nigeria GDP of N4909.53billion was generated 
as Life Insurance Premium in the year 2001, N8.3billion representing 0.117% of the Nigeria GDP of N7128.20billion was 
generated as Life Insurance Premium in the year 2002, N10.2billion representing 0.117% of the Nigeria GDP of 
N8742.65billion was generated as Life Insurance Premium in the year 2003, N12.2billion representing 0.105% of the Nigeria 
GDP of 11673.60billion was generated as Life Insurance Premium in the year 2004, N12.9billion representing 0.088% of the 
Nigeria GDP of N14735.32billion was generated as Life Insurance Premium in the year 2005, N12.7billion representing 
0.069% of the Nigeria GDP of N18709.79billion was generated as Life Insurance Premium in the year 2006, N18.8billion 
representing 0.076% of the Nigeria GDP of N20874.17billion was generated as Life Insurance Premium in the year 2007, 
N29.3billion representing 0.119% of the Nigeria GDP of N24552.78billion was generated as Life Insurance Premium in the 
year 2008, N34.3billion representing 0.137% of the Nigeria GDP of N25102.78billion was generated as Life Insurance 
Premium in the year 2009, N39.8billion representing 0.135% of the Nigeria GDP of N29584.84billion was generated as Life 
Insurance Premium in the year 2010, N54.3billion representing 0.149% of the Nigeria GDP of N36552.84billion was generated 
as Life Insurance Premium in the year 2011,  

Graphical representation of the penetration rate of life insurance premium to GDP 

 

 

The graph represents the penetration rate of life insurance premium to GDP; it shows the level of development of life 
insurance sector in Nigeria. It measured the ratio of life insurance premium underwritten in a particular year to the GDP, and 
it can be proved that life insurance premium has not been able to make meaningful contribution to the nation’s Gross 
Domestic Product (GDP). 

This result of the poor penetration rate of life insurance premium to GDP could be attributed to the poor enforcement of 
the compulsory group life insurance policy, and first major recapitalization process, which was introduced by the insurance 
Act 2003. Section 9 of the Act raised the minimum capital requirement by as much as 650%. This recapitalization exercise, 
which made the number of insurance to reduce, might be the contributory cause of poor penetration rate of life insurance 
premium to GDP from 2003 to 2006. The new consolidation exercise conducted in September 2005, which was to be 
complied with by the end of February 2007 aid the life insurance business to perform well from 2007. The graph also proved 
the findings of Beck and Webb (2002); Arena (2008); Peter and Kjell (2006); Haiss and Sumeji (2008); Ward and Zurbruegg 
(2000); Catalan, Impavido and Musaleth (2000), that the life insurance market development vary across countries and that 
life insurance business contribute to economic growth in the developed countries, but many developing countries still 
experience very low level of life insurance consumption, which affected economic growth. 

5 CONCLUSION AND RECOMMENDATIONS 

Life is business that provides a measure of financial security, enhance savings, accumulate capital and enhance economic 
performance of a country. This research work has proved, irrespective of the role of life insurance companies that the life 
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insurance business has not effectively contributed to economic growth of Nigeria economy. It is evidence from the result of 
the study that life insurance consumption is low in Nigeria that individual and corporate organizations have failed to embrace 
the important life insurance policies. 

The study recommended that the National insurance commission (NAICOM) should ensure that organizations embrace 
the compulsory group life insurance policy, and sanction those that failed to comply with the stipulations of Insurance Act 
2003. 

National insurance commission (NAICOM) should ensure that there is a high level of transparency initiative and efficiency 
in Nigeria insurance industry. This will go a long way in mitigating the factor that affects individuals and organizations in 
embracing life insurance policies in Nigeria.  

There should also be adequate and effective sensitization, workshop, seminar etc. on the benefits of life insurance 
policies, the role it play, how it works and its impact on economic growth and development. 
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ABSTRACT: This study examined the significance relationship that exists between insurance investment and the Nigeria 

capital market, and the significance relationship that exists between total insurance business and economic growth of Nigeria 
for the period 2000-2011. The Pearson’s Product Movement Correlation Coefficient was used to test the hypotheses to 
determine the extent of correlation, while the t-test was used to find out the significance of the relationship that exists 
between the variables. The study discovered that there was a significant relationship between Nigeria Insurance market 
investment and capital market, and there was also a significant relationship between Insurance business and economic 
growth. The study concluded that Insurance business is a business that have allowed different risk to be managed more 
efficiently, boosting financial stability, mobilization of domestic saving and accumulation of new capital that enhance the 
performance of the Nigeria Capital market and Economic Growth. The researchers therefore recommended that National 
insurance commission (NAICOM) should make policy that will enhance effective growth and development of insurance 
business in Nigeria and ensures that cooperate organizations and individual embraces the compulsory insurance business in 
Nigeria. 

KEYWORDS: Capital Market, Insurance, Investment, Economic Growth. 

1 INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

Insurance is a form of risk management in which the insured transfers the cost of potential loss to another entity in 
exchange for monetary compensation known as the premium. Insurance In economic terms is refers to the pooling 
mechanism for reducing the down-side of risk through resource reallocation from good to stormy states of the world (Masci, 
Tejerina and Webb, 2007). Insurance facilitates financial protection against by reimbursing losses during crisis. It is designed 
to protect the financial well-being of an individual, company or other entity in the case of unexpected loss.  This protection is 
accomplished through a pooling mechanism whereby many individuals who are vulnerable to the particular risk are joined 
together into a risk pool. Each person pays a small amount of money, known as a premium, into the pool, which is then used 
to compensate the unfortunate individuals who do actually suffer a loss. (Churchill, Craig, Liber, McCord, and Roth, 2003).  

Typically, risk coverage is provided through a policy from an insurance company. The extent to which the insurer 
successfully facilitates coverage (and is able to spread its risk assumptions) is the extent to which the insured can take greater 
chances and better manage risk exposure. As such, insurance markets are crucial for economic growth and a complementary 
stimulus to capital market development (Masci, Tejerina and Webb, 2007). 
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The insurance market has been identified as an institution that contributes to the growth of the capital market. This is 
made possible through some of the vital roles played such as channeling resources, promoting reforms to modernize the 
financial sectors, and a veritable tool in the mobilization and allocation of savings among competitive uses which are critical 
to the growth and efficiency of the capital market. In developed economies, huge amounts of stable, long-term funds were 
channeled into capital markets by pension funds and the insurance sector and these funds facilitated the emergence of very 
liquid stock markets in those economies (Economic Survey of Indian Finance Ministry, 2012).  Insurance market channels 
long-term resources that enhance the performance of the capital market, increase productivity, and thus enhancing 
economic expansion and growth (Alile 1997). The insurance market does not only serve as a source of capital for the capital 
market and industries, but provide a wide range of security and also enhance socio-economic benefits to any country. 
Ekundayo (2002) argues that a nation requires a lot of local and foreign investments to attain sustainable economic growth 
and development. The insurance industry invests in the capital market, hence providing the means of enhancing sustainable 
economic growth and development. However, the paucity of long-term capital has posed the greatest predicament to 
economic development in most African countries including Nigeria (Donwa and Odia, 2010). 

The Nigeria Insurance Industry is one of the key sectors of the Nigerian economy and plays a very vital role in the nation 
as a whole (Agbamuche, 2012). The industry mobilizes funds that are channeled into productive investments and also acts as 
a catalyst of economic growth, helping to accelerate the process of qualitative structural transformation. It basically provides 
services in the form of security against general uncertainties which are likely to occur in everyday life, thereby resulting in 
liabilities which translate to a financial loss. These services are usually provided by the insurer to the insured in return for a 
given small consideration known as a premium which basically serves as the main source of insurance funds and also used in 
the settlement of claims (Agbamuche, 2012). The accumulated insurance premium and source of insurance fund are not kept 
dormant rather they are invested in capital market and other investment outlet as specified in Insurance Act of 2003. 

The capital market is a network of specialized financial institutions, series of mechanisms, processes and infrastructure 
that, in various ways, facilitate the bringing together of suppliers and users of medium to long term capital for investment in 
socio-economic developmental projects (Al-Faki, 2006). The Capital Market is where individuals and institutions trade 
financial securities. As a whole organisations/institutions in the public and private sectors often sell securities on the capital 
markets to raise funds. In other words it is the mobilisation of funds from the savings (surplus) sector of the economy to the 
savings deficit sector. It is a market for the generalization and utilisation of long term funds for development purposes and 
deals with various securities such as bonds, debentures and equities. The Nigerian insurance industry like most other 
insurance companies around the world, channels a substantial part of its surplus funds to the capital market.  

Olagbegi (2008) complained that while insurance companies are known to play dominant roles in developed economies, 
the sector in Nigeria is the exact opposite – the insurance industry in Nigeria contributes less than One percent to the 
nation’s GDP. He says that the level of insurance awareness in Nigeria, which is a factor that influences the degree of 
patronage, remains one of the lowest in the world. Buttressing his point with records sourced from the industry, he showed 
that Nigeria, with a population of over 140 million people has an insurance density of about 5-10%, as against 40-50% in 
some developing countries, and 90-98% in most developed countries. This led to ask whether the level of insurance 
awareness and patronage aid the Nigeria insurance industry to contribute more effectively to economic growth and 
development. Therefore this journal paper assessed the level of significant relationship between the insurance market and 
capital market, and the level of the significant relationship between insurance business and economic growth. 

2 LITERATURE REVIEW 

2.1 THEORETICAL FRAMEWORK 

The theory that guides this study is the theory of Financial Liberalization Theory. Financial liberalization theory has its 
origins in the work of McKinnon [1973] and Shaw [1973].  It was Patrick [1966], however, who published the seminal work on 
the relationship between financial development and economic growth. He hypothesized two possible relationships, a 
“demand-following” approach, in which financial development arises as the economy develops, and a “supply-leading” 
phenomenon, in which the widespread expansion of financial institutions leads to economic growth (Arestis, Nissanke and 
Stein, 2005). Led by seminal papers of McKinnon [1973] and Shaw [1973], a significant number of studies have pointed out 
that financial liberalization can exert a positive effect on growth rate as interest rate levels rise towards their competitive 
market equilibrium, while resources are efficiently allocated. Arestis (2005) states that the relationship between financial 
development and economic growth has received a great deal of attention throughout the modern history of economics. 
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2.2 EMPIRICAL REVIEW 

Demiurgic-Kunt and Levine (1996) using data from 44 countries for the period 1986 to 1993 found that different 
measures of stock exchange size are strongly correlated to other indicators of activity levels of financial, banking, non-
banking institutions as well as to insurance companies and pension funds. They concluded that countries with well-developed 
stock markets tend to also have well-developed financial intermediaries. 

Agbamuche (2012) employed Chi-square model in his study on Investment of insurance funds in the Nigerian Capital 
market, and find out that; (i) the insurance industry invest substantial parts of its funds in the capital market. This implies 
that the surplus funds of the insurance companies after claims to policyholders have been paid out is then invested in the 
capital market in the form of government securities, corporate funds, real estate, mortgages etc. (ii) that the investments of 
insurance funds contributes to the socio economic growth of the country. This implies that as insurance contributions 
increase, economic growth would also increase hand in hand, (iii) that the insurance industry contributes positively to the 
growth of the capital market. This implies that the insurance industry is also a centre of capital formation, mobilization and 
allocation of resources within the economy because it deals with long term securities and it enables the funding of other 
deficit sectors of the economy. This finding shows that the major source of funds available to the insurance industry is 
through premium incomes; however other incomes come in the form of issuance of shares and other investment returns, (iv) 
that the insurance industry is a relevant sector of the economy. This would suggest that a direct or positive relationship exists 
between the insurance industry, insurance contribution and economic growth in the country. Ultimately a relevant and 
formidable insurance sector would help greatly in boosting overall economic growth in Nigeria. 

Boon (2005) also observed in his study that total insurance funds affect both capital formation and gross domestic 
product growth in the short and long term. The importance of Boon’s finding have to do with the fact that insurance and its 
core activities has a lot to do with investment, which in turn has a direct correlation with increased economic growth and 
productivity. 

Mojekwu, Agwuegbu and Olowokudjo (2011) established and found that total insurance funds affect both capital 
formation and GDP growth in the short and long term. Their study employed dynamic factor model in their study and find out 
that there is a functional positive relationship between insurance contributions and economic growth in Nigeria. 

Ngong (1997) developed an aggregate index of capital market development and use it to determine its relationship with 
long run economic growth in Nigeria. The study employed a time series data from 1970 to 1994. For measures of capital 
market development the ratio of market capitalization to GDP (in percentage), the ratio of total value of transactions on the 
main stock exchange to GDP (in percentage), and the value of equities transaction relative to GDP and listings used. The four 
measures were combined into one overall composite index of capital market using principal component analysis. A measure 
of financial market depth (which is the ratio of broad money to stock of money to GDP) was also included as control. The 
result of the study was that capital market development is negatively and significantly correlated with long run growth in 
Nigeria. The result also showed that there exists bi-directional causality between capital market and economic growth. 

 Ewan, Esang and Bassey (2009) appraise the impact of the capital market efficiency on the economic growth of Nigeria 
using time series data from 1961 to 2004.They found that the capital market in Nigeria has the potential of growth inducing 
but it has not contributed meaningfully to the economic growth of Nigeria because of low market capitalization, low 
absorptive capitalization, illiquidity, misappropriation of funds among others. 

Haiss and Sümegi (2008) applied a cross country panel data analysis from 29 European countries in the period from 1992 
to 2005. The insurance variable is measured by premium income and total net investment of insurance companies. Premium 
income is split into life and non-life premium income. As estimation method, the authors use ordinary least squares (OLS) or 
unbalanced panel with country and time-fixed effects. According to the findings, there is a positive impact of life insurance on 
GDP growth in the EU-15 countries; Switzerland, Norway and Iceland, while non-life insurance has a larger impact in Central 
and Eastern Europe.  

Wadlamannati (2008) examined the effects of insurance growth and reforms along with other relevant control variables 
on economic development in India in the period from 1980 to 2006. Growth of insurance penetration (life, non-life and total) 
is used as proxies of insurance sector growth. The author applied ordinary least square (OLS), co-integration analysis and 
error correction models (ECM). The study confirms positive contribution on insurance sector to economic development and a 
long-run equilibrium relationship between the variables. While the reforms in the insurance sector do not affect economic 
activity, their growth has positive impact on economic development.  

Marijuana, Sandra and lime (2009) empirically examined the relationship between insurance sector development and 
economic growth in 10 transition European Union member countries in the period from 1992 to 2007. Three different 
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insurance variables were used; life, non-life and total insurance and other control variables like education, openness, 
inflation, investment, bank credit, stock capitalization. According to their findings, insurance sector development positively 
and significantly affects economic growth. 

Eze and Okoye (2013) examined the impact of insurance practice on the growth of Nigerian economy. Insurance premium 
income, total insurance investment and income of insurance development was used as determinants of insurance practice. 
They employed unit root tests, Johansen co-integration test and error correction model in data analysis to determine the 
short and long run effect of the model. The study observed that the insurance premium capital has significantly impacted on 
economic growth in Nigeria; that the level of total insurance investment has significantly effected on economic growth in 
Nigeria; and that there is causal relationship between insurance sector development and economic growth in Nigeria. Their 
findings implied that insurance industry would contribute meaningful to the growth of Nigeria economy in the long run. The 
study concluded that there is a significant positive effect of insurance practice on the growth of Nigerian economy. They 
recommended that, having seen that there is long-run relationship between insurance industry practice and economic 
growth in Nigeria. They further advised that more efforts should be made to increase transparency and efficiency in 
insurance industry through adequate legislation and policy formulation targeted at providing institutional improvement, 
especially in risk management and product innovations in Nigeria insurance industry. 

2.3 THE CONCEPT OF INSURANCE AND CAPITAL MARKET  

Insurance is a safeguard against risk. It is a device aimed at reducing the chance of a risk occurring or when it happen 
reduces the extent of its damage and providing the affected person with compensation is a form of insurance (Ogwo, Eche, 
Ibeabuchi, Nwite and Enwereuzor: 2000). Irukwu (1989) further defined insurance as a device for the transfer of some risks 
of economic loss from the insured who otherwise would have borne the risks to an insurer in return for a premium. 

Irukwu (1989) defined insurance as a social device whereby the participants provide financial compensation to those 
among them who encounter the many misfortunes or contingencies that could happen in a world full of assorted risks and 
hazards. Lijadu (1999) describes insurance as the principle of charity put into an official form for business purposes in other 
to meet financial requirements. It is the conversion of unknown risks into fixed costs by way of consolidation of an economic 
device where by various the risks associated with living or other economic enterprises are transferred from an individual to a 
group. 

Insurance is a social device that provides financial compensation for the effect of misfortune; the payment is being made 
from the accumulated contribution of all parties participating in the scheme. Insurance as a modern principle of solving risk-
related problem depends on the law of co-operation of large number of people for its success. Its operation involves 
payment of assessed contribution, known as premium, by the person wishing to insure known as the insured or the 
policyholder. The payment is made to an organization legally constituted and registered in accordance with the law to 
function as an insurance company or insurer (Ogwo et al: 2000). The role insurance play encompass: Promotion of industrial 
safety and general loss prevention measure (Nwite, 2004), encouraging savings (Ogwo et al: 2000), promoting the growth of 
capital market and foreign direct business, promoting growth and development of the economy (Nwite, 2004), protection 
against economic insecurity, reduction of the level of unemployment in the country etc. 

Capital market is one of the significant aspects of every financial market. It is a market for financial assets that have a long 
or indefinite maturity. Rose (2009) accord with the above definition by saying that capital market is a market that is designed 
to finance long term investment. 

Capital market is seen as a “market for the mobilization of funds from the savings surplus sector of the economy to the 
savings deficit sector. According to Al-Faki (2006), the capital market is a “network of specialized financial institutions, series 
of mechanism, processes and infrastructure that, in various ways, facilitate the binging together of suppliers and users of 
medium to long term capital for investments in socio economic developmental projects”. Adewole (2010) further described 
the capital market as covering all services rendered institutions and facilities which exist for mobilizing long term funds and 
for channeling such funds to ultimate users. He divided the market into two segments namely the long term securities 
market and market for negotiated long term finance, otherwise called the primary and secondary market.  

-Long term securities market: This constitutes the centre point of the capital market and is involved in productive assets. 
It includes the new issues market and the stock exchange which exist for the resale of existing securities.  

-Market for negotiated long term finance: These are dealings in long term funds not covered by negotiable instruments 
dealings but involve direct negotiation between suppliers and users of long term funds.  
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The role of the capital market include; Mobilization of Savings, Capital Formation,  Provision of Investment Avenue, Speed 
up Economic Growth and Development and Continuous Availability of Funds Kalyan City Life  (2010). 

3 RESEARCH METHODOLOGY 

3.1 RESEARCH DESIGN 

The type of study was a correlation study (ex-post-facto research). The work employed analytical research design. Being 
an empirical research work, the data used were secondary data, and were collected from CBN statistical bulletin and Nigeria 
Insurers Digest. 

In line with previous similar studies on the insurance, capital market and economic growth, Pearson’s Product Movement 
Correlation Coefficient and the student t-test were used to test the hypothesis of the study.  

3.2 NATURE AND SOURCE OF DATA 

This work employed secondary data. Such data were extracted from Central Bank of Nigeria statistical bulletin and Nigeria 
Insurance Digest. All data span a period from 2000 to 2011. 

3.3 METHOD OF DATA ANALYSIS 

The researchers employed Pearson’s Product Movement Correlation Coefficient and the student t-test to test the 
formulated hypotheses. The Pearson’s Product Movement Correlation Coefficient in testing the hypotheses is to determine 
the extent of correlation between the coefficient of correlation, while the t-test is used to ascertain the level of significance 
that exists between the variables. 

3.4 MODEL SPECIFICATION 

The Product Movement Correlation Coefficient is used in this study. The formula is thus illustrated: 

 

Where:  R= the correlation coefficient 

   X= independent variable (life insurance) 

   Y=dependent variable (GDP) 

   N=number of years 

   ∑= summa�on sign 

 

Decision Rule: 

Accept the Null hypothesis (Ho) if the tabulated value of the T-Test is greater than the calculated value of T-test and vice-
versa. 

3.5 TESTING OF HYPOTHESES 

Hypothesis I: 

Ho: there is no significant relationship that exists between the Nigeria insurance market investment and capital market. 
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Table 1. Structure Showing Total Insurance Business Investment and Market Capitalization in trillion. 

Year Insurance Business Investment (t) Market Capitalization (t) 

2000 0.025 0.472 

2001 0.032 0.663 

2002 0.037 0.765 

2003 0.055 1.352 

2004 0.075 2.115 

2005 0.122 2.900 

2006 0.216 5.121 

2007 0.329 13.182 

2008 0.336 9.563 

2009 0.343 7.031 

2010 0.351 9.918 

2011 0.359 9.671 
Source: CBN Statistical Bulletin 

Table 2. Structure of Contingent Table 

Year Insurance Investment (x) Market Capitalization (y) �� �� xy 

2000 0.025 0.47 0.00063 0.22 0.012 

2001 0.032 0.66 0.00102 0.44 0.021 

2002 0.037 0.77 0.00137 0.59 0.028 

2003 0.055 1.77 0.00303 3.14 0.097 

2004 0.075 2.11 0.00563 4.46 0.158 

2005 0.122 2.90 0.0149 8.41 0.354 

2006 0.216 5.12 0.0467 26.22 1.106 

2007 0.392 13.18 0.1082 173.77 4.337 

2008 0.336 9.56 0.0467 91.45 3.213 

2009 0.343 7.03 0.1082 49.43 2.412 

2010 0.351 9.92 0.1232 98.37 3.481 

2011 0.359 9.67 0.1289 93.53 3.472 

Total ∑x=2.28 ∑y=63.16 ∑��=0.6641 ∑��=550.03 ∑xy=16.691 
Source: field survey (2014) 
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Applying Pearson’s Product Correlation Coefficient Formular; 

 

 It is shown that there is a positive correlation between Total Insurance business investment and market capitalization. 
Therefore to test the level of its significant of the positive correlation coefficient, the researcher applied t-test formular and 
converted the value of “r”to “t” score. 

The formula is thus illustrated; 

T = r					
���

����
 

 

Where t = the significant correlation  

             N= sample population 

             n-2= Degree of freedom 

													��= The coefficient determination 

 

T = 0.66 √12 − 2  

               1-(0.66) 

 

T= 0.66   			√10 

               1-0.4356 

 

T= 0.66		√10 

              1-0.5644 

 

T=0.66x√17.71 
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T=0.66 x 4.21 

T=2.79 

At 5% level of significant error the tabulated value of t- test is1.812 at 10 degree of freedom. 

Hypotheses 2 

Ho: there is no level of significant relationship between insurance business and economic growth. 

Table 3. Structure showing total insurance business and GDP 

Year Total Insurance Business(t) GDP(t) 

2000 0.11 4.72 

2001 0.14 4.91 

2002 0.17 7.13 

2003 0.23 8.74 

2004 0.29 11.67 

2005 0.40 14.74 

2006 0.61 18.71 

2007 0.86 20.87 

2008 1.06 24.55 

2009 1.11 25.10 

2010 1.12 29.59 

2011 1.22 36.55 
Source: CBN Statistical Bulletin and Nigeria Insurance Digest. 

Table 4. Contingency Table 

Year Total Insurance Business (t) (x) GDP (t) (y) �� �� xy 

2000 0.11 4.72 0.012 22.28 0.52 

2001 0.14 4.91 0.020 24.11 0.69 

2002 0.17 7.13 0.029 50.84 1.21 

2003 0.23 8.74 0.053 76.39 2.01 

2004 0.29 11.67 0.084 136.18 3.38 

2005 0.40 14.74 0.16 217.27 5.90 

2006 0.61 18.71 0.372 350.06 11.41 

2007 0.86 20.87 0.740 435.56 17.95 

2008 1.06 24.55 1.124 602.70 26.02 

2009 1.11 25.10 1.232 630.01 27.86 

2010 1.12 29.59 1.254 875.57 33.14 

2011 1.22 36.55 1.488 1335.57 44.59 

Total ∑x=7.32 ∑y=207.28 ∑�� = 6.57 ∑��=4756.87 ∑xy=174.68 
Source: field survey (2014) 
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Applying pension’s product correlation coefficient formular: 

 

It is shown that there is a high positive relationship between Total Insurance business in Nigeria and Gross domestic 
product (GDP). However, to test the level of significant positive correlation coefficient researcher applied t –test formular 
and corrected the value of “r” to “t” score.  The formular is 

T= r √� − 2                                                                                                                                                                                   
         1-r2 

T= 0.97√12 − 2                                                                                                                                                              
             1-(0.97)2         

T=0.97√10                                                                                                                                                                                            
           1-0.92 

T=0.97√10                                                                                                                                                                              
            0.078 

T=0.97√128.205 

T= 0.97x 11.32 

T= 10.98 

At 5% level of significant error the tabulated value of t- test is1.812 at 10 degree of freedom. 

4 EMPIRICAL RESULT 

 We investigated the hypothesis by using Pension’s Product Movement Correlation Coefficient. The result of the 
hypothesis one revealed that there is a significant relationship between Nigeria Insurance market investment and capital 
market. This means that Nigeria insurance contribute to the growth and development of Nigeria capital market. 

In the hypothesis two tested, the researcher find out that there is a significant relationship between Insurance business 
and economic growth, and it means that the Nigeria insurance market contributes to economic growth and development of 
Nigeria. 
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5 CONCLUSIONS 

 Insurance business is a business that have allow different risk to be managed more efficiently, boosting financial stability, 
mobilization of domestic saving, accumulation of new capital etc. hence contributes to the growth of the Nigeria capital 
market and economic growth of Nigeria. The research work has shown insurance performance in Nigeria. 

 The importance of the insurance sector within total financial intermediation has risen overtime and the magnitude and 
relationship between insurance sector and capital market has also risen, thus the contributions insurance sector enhances 
economic growth and development of the Nigeria. 

6 RECOMMENDATION 

The insurance market activities and its contribution to economic growth are still at minimal to compare with that of 
developed countries. Therefore, the researcher recommends to that National Insurance Commission should make policy that 
will enhance effective growth and development of insurance business in Nigeria and ensures that both cooperate 
organizations and individual embraces the compulsory insurance business in Nigeria. 

The Nigeria government should also provide enabling environment that will facilitate the growth of insurance business. 

The Nigeria insurance industry should also ensure prompt settlement of genuine claims. 
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ABSTRACT: Bubble point pressure is the most crucial Pressure-Volume-Temperature property of reservoir fluid, which plays a 

critical role in almost all tasks related to reservoir and production engineering. There are numerous approaches for predicting 
various Bubble point pressure properties, namely, empirical correlations and few computational intelligence schemes. The 
achievements of Neural Networks (NN), Fuzzy Logic (FL) Genetic Algorithm (GA), and Expert System (ES) alone open the door 
to the Hybrid Systems; a genetically optimized neural network (GA-ANN) and Neuro-Fuzzy (NF) modeling techniques to play a 
major role in petroleum industry.  
In this paper, a novel comprehensive approach to the prediction of the bubble point pressure (Pb) using two hybrid systems 
(GA-ANN and NF) and Expert System is introduced. A total of about 160 data points from Middle East oil samples were used. 
Twenty three correlations of Pb are integrated to develop Expert System. The performance of the proposed techniques is 
compared against performance of the most accurate general correlations for Pb calculation. Statistical error analysis was also 
used to check the validation of the proposed techniques.  From the results of this study, it can be pointed out that these 
methods are more accurate and reliable. 

 KEYWORDS: Neural Network, fuzzy logic, Neuro-Fuzzy, Expert Systems. 

1 INTRODUCTION 

Bubble point pressure is one of the most critical quantities for characterizing an oil reservoir. So, accurate determination 
of this property has been the main challenge in reservoir development and management.  

1.1 EMPIRICAL CORRELATIONS  

Since the 1940s engineers have realized the importance of developing empirical correlation for bubble point pressure. 
Studies carried out in this field resulted in the development of new correlations. Table1 shows the most published 
correlations for estimation the bubble point pressure from 1947 till now. 
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Table 1. Bubble Point Pressure Correlations, Moradi [1] and Al-Shammasi [2]. 

Authors Samples Origin 
No. of Data 

Points 
No. of 

Reservoir Authors 
Samples 

Origin 

No. of 
Data 

Points 

No. of 
Reservoir 

Standing (1947) California 105 22 Farshad, Leblance, Garber & 
Osorio [Single Stage] (1996) 

Colombia 98 - 

Lasater (1958) Canada 158 137 Almehaideb (1997) UAE 62 15 

Vazquez &Beggs 
(1980) 

World Wide 5008 600 
Hanafy, Macary, ElNadi, 
Baiomi& El Batanony (February 
1997) 

Egypt 324 123 

Glaso (1980) North Sea 41 45 Hanafy, Macary, ElNadi, 
Baiomi& El Batanony (1997) 

Egypt 324 123 

Al-Marhoun (1988) Middle East 160 69 Khairy and El-Tayeb (1998) Egypt 43 - 

McCain (1991) World Wide 100 - Boukadi, Al-Alawi, Al-Bemani& 
Al-Bemani (1999) 

Oman 45 - 

Kartoatmodjo and 
Schmidt (1991) 

World Wide 5392 740 Velarde, Blasingame& McCain 
(1999) 

World Wide 2097 world 

Dokla& Osman (1992) U.A.E 51 - Al-Shammasi (1999) World Wide 1709 world 

Macary and El-
Batanoney (1992) 

Gulf of Suez 90 30 Dindoruk&Christman (2001) 
Gulf of 
Mexico 

99 100 

Petrosky&Farshad 
(1993) 

Gulf of Mexico 
Texas 

81 - Bolondarzadeh, 
Hashemi&Soltani (2006) 

Iran 166 - 

Omar &Todd (1993) Malaysia 93 38 Mehran, Movagharnejad and 
Didanloo (2006) 

Iran 387 - 

- - - - Hemmati&Kharrat (2007) Iran 287 30 

 

1.2 HYBRID ARTIFICIAL INTELLIGENT  

The achievements of Neural Networks, Fuzzy Logic and Genetic Algorithm alone open the door to the Hybrid modeling 
techniques to play a major role in the oil and gas industry. Unfortunately, the used NN, GA, and FL modeling schemes alone 
have many drawbacks and limitations (Table 2). 

 

Table 2.  Advantages and disadvantages of the NNs, FL and GAs. 

Technology Advantage Disadvantage 

NN Adaptation, learning, approximation Slow convergence speed, ‘black box’ data 
processing structure 

FL Approximate reasoning Difficult to tune, lacks effective learning 
capability 

GA Systematic random search, 
derivative-free optimization 

Difficult to tune, no convergence criterion 

 

1.2.1 ANN Optimization by GA 

The non-linearity and non-continuity of oil field optimization problem makes GA a more preferable option over traditional 
method of back propagation (BP). A hybrid genetic algorithm–neural network strategy (GA-ANN) were used by (Rumelhart et 
al. [3]; Miller et al. [4]; Marshall and Harrison [5]; Bornholdt and Graudenz [6]; Huanga et al. [7]; Chena and Lina [8]; Saemi et 
al. [9]; Rasoul and Reza [10]; and Hossein K. et al. [11] for permeability prediction modeling. 

In additional, several hybrids of genetic algorithm with ANNs were proposed by Balan et al. [12] for hydraulic fracture 
treatment design and optimization. Mohsen et al. [13] proposed a new method for the auto-design of ANN based on Genetic 
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Algorithm. In Oloso et al. [14] a differential evolutionary artificial neural network was introduced for predicting viscosity and 
gas/oil ratio curves. 

1.2.2 Neuro-Fuzzy  

Adaptive neuro-fuzzy inference systems have been proposed as a new intelligence frame work for both prediction and 
classification based on fuzzy clustering optimization criterion and ranking (Jang et al. [15]). In 2000, Ouenes [16] used fuzzy 
neural networks to fractured reservoir characterization. In 2012, Khoukhi [17] also used GA to optimize ANN model to 
estimate the two PVT properties of crude oil systems; namely bubblepoint and oil formation volume factor (Bob). Fatai A. et 
al [18] used different versions of Adaptive Neuro-Fuzzy Inference Systems (ANFIS) to predict the porosity and permeability. 
Abbas M. Al-Khudafi and et al. [19] used ANFIS for estimating K-values for heptanes plus fractions. 

1.2.3 Expert System (ES) 

Expert system technology has recently gained an increasing importance in the petroleum industry. Application areas 
include diagnosis, planning, design, prediction, interpretation, monitoring, debugging, repair, and control of different 
processes in oil and gas engineering. 

An expert system developer can choose three different approaches in developing an ES, which are: using programming 
language (example Matlab); using an Expert System shell; and using the tools in an artificial environment. Sayyouh, M.H et al 
[20]; Khaled A. Fattah et al. [21]; and Elradi and Cheng [22] applied of an Artificial Intelligence (AI) technique to assist in the 
selection of an Enhanced Oil Recovery method (EOR). Ahmed Al-Zahaby et al. [23] developed an expert system that checks 
the input parameters (e.g. reservoir parameters) against the valid ranges of input data for different correlations, and then 
recommends which correlations to use for specific input parameters. Senan A. Ghallab and et al. [24] designed an expert 
system to predict temperature, pressure, crude oil density, gravity and gas density factors. 

2 DATA ACQUISITION AND PROCESSING 

A total of about 160 data points were available from Middle East oil samples. The overall range of experimental data 
points used for this study was summarized in Table 3. Data is normalized between (0 1), in order to data rate reduction, noise 
suppression and avoiding ill conditioning. 

Vnorm = (V−Xmin) / (Xmax−Xmin) ……….....…………………… (1) 

Where: V is a current value of the variable X, Xmin, is the minimum value for this variable, and Xmax, is the maximum 
value for that variable X in the data set. Then data renormalized between (0.2-0.8) to alleviate saturation problem by an 
equation such as: 

Y = Vnorm× (0.8−0.2) + 0.2 ………………………… (2) 

 

Table 3. Range of data used in this study. 

Parameter Maximum Minimum 

Pb 3573 130 

Gas Oil Ratio (RS) 1602 26 

Gas Specific Gravity	(��) 1.367 0.752 

API  44.6 19.4 

Temperature (T 
o
F) 240 74 

Formation Volume Factor (FVF) 1.997 1.032 

3  BUILDING THE MODELS 

3.1    DESIGN OF THE HYBRID GA-ANN MODEL 

   In this work we investigate how the reliability and predictability of artificial neural network (ANN) are improved when it 
genetically optimized by genetic algorithm (GA). 



New Artificial Intelligent Approach for Bubble Point Pressure 

 

 

ISSN : 2351-8014 Vol. 4 No. 2, Jul. 2014 124 
 

 

The ANN learning process consists of two stages: Firstly GA is employed to search for optimal or approximate optimal 
connection weights and thresholds for the network, then the back-propagation learning rule and training algorithm is used to 
adjust the final weights (Figure1). 

 

Fig. 1.  Genetic Algorithm-Backpropagation Flow Chart. 

The operations are as follows: The ANN weights and thresholds are initialized as genes of chromosomes, and then the 
global optimum is searched through selection, crossover and mutation operators of genetic algorithm. This procedure is 
completed by applying a BP algorithm on the GA established initial connection weights and thresholds. Therefore in this 
study, hybrid genetic algorithm-back propagation neural network would be applied to estimate Bubble Point Pressure.  

3.2 DESIGN OF THE NEURO-FUZZY MODELING 

The fuzzy logic Pb modeling system used in this study is a multi-input single output (MISO) Takagi-Sugeno system. Neuro-
fuzzy inference systems are hybrid forecasting frameworks, which learn the rules and membership functions from data. It is a 
network of nodes and directional links. Associated with the network is a learning rule, for instance, back-propagation. These 
networks are learned a relationship between inputs and outputs. This type of network covers a number of different 
approaches, namely Mamdani type and Takagi–Sugeno–Kang (TSK) type (see Jang et al. [25]) for more detail. The TSK fuzzy 
objective modeling method is a framework for generating fuzzy if-then rules from input/output numerical data. A way to 
construct a TSK fuzzy model from numerical data proceeds in three steps: fuzzy clustering, setting of the membership 
functions, and parameter estimation (Jang and Gulley [26]). Figure2 shows an ANFIS System with a two-inputs two-rules one-
output arrangement. 

 

Fig. 2.  ANFIS system with two inputs two-rule one-output, [15]. 
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The implemented ANFIS in the study at hand is made up of six layers. The first layer is the input layer, characterizing the 
crisp inputs. The second layer performs the fuzzification of the crisp inputs into linguistic variables, through transfer 
functions. The thirds rule layer, which applies the product T-norm to produce the firing strengths of each rule. This is 
followed by a normalization layer, at which each node calculates the ratio of a rule’s firing strength to the sum of the firing 
strengths of all rules. The fifth layer performs the defuzzification. The last layer conducts the aggregation, where an output is 
obtained as the summation of all incoming signals. The training rule option used is the Levenberg-Marquard version of the 
gradient back-propagation algorithm. 

3.3 DESIGN OF THE EXPERT SYSTEM  

As it shown from Table1,some bubble point pressure correlations was developed using data from particular region with 
different reservoir conditions whereas the others can be developed using data from different region and reservoir conditions. 
The most correlation can be predicted either by recalculating the coefficients of pervious correlation or by evaluating the 
exist correlations without respect of region and reservoir types. Thus, the problem will arise in which correlation is better to 
use. Therefore, the Expert System was developed to solve this problem by getting the nearest value of Pb that agrees with 
region and reservoir conditions. The Expert System integrated all correlations with respect to their limitations. 

The development of the Expert System of PVT properties involves the following three phases Knowledge Acquisition, 
System Formulation, and System Verification and validation. 

3.3.1 Knowledge Acquisition 

Understanding the main input parameters and the range of each published correlations (limitations) are the first step as 
well as the identification of the expert systems. The developed Expert System for the bubble point pressure correlations 
considers the Table5 as a knowledge data base. 

3.3.2 System Formulation 

The system formulation formulates the acquired knowledge from the first phase through rules. The rules are conditional 
statements in the form of IF-THEN statements. The system was developed by using Matlab Program that flexible to allow the 
system to perform its task easily. Figure3 shows bubble point pressure Expert System utilization.  

3.3.3 Expert System Utilization and Validation 

The developed Expert System could be utilized to determine bubble point pressure by integrated 23 correlations. The 
developed Expert System can check the different input reservoir parameters and run each correlation regarding into their 
limitation. Each correlation can utilize in some input data and exclude in others which don't achieve the criteria of the 
limitation of the input parameters. 

The reservoir parameters are processed through developed software to determine the most accurate bubble point 
pressure regarding to the minimum absolute error. 
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Fig. 3.  Bubble Point Pressure Expert System Utilization. 

4 RESULTS AND DISCUSSION 

4.1 THE HYBRID GA-ANN MODEL 

The total number of chromosomes was (300chromosomes×50 generation×2 layers), although there was no difference 
between chromosomes in one generation with one in another generation of each case. BP network has two layers including 
input layer, one hidden layer, and output layer. There have 5 input neurons in the code and the output layer neuron is 1. 

In our model we set the hidden layer number is 14 deliver neuron functions is tansig in the hidden layer, and the output 
layer’s deliver neuron function is purelin. The simulation performance of the GA-ANN model (Figure4) was evaluated on the 
basis of mean square error (MSE= 9.96*10-4) and correlation coefficient (R2 = 0.99988). 

 

Fig. 4.  RMSE training performance by GA-ANN optimization. 
 
 
 

4.2  THE NEURO-FUZZY MODELLING 

In this stage of study, an adaptive neuro-fuzzy inference system (ANFIS) was used to optimize the fuzzy model. The 
schematic structure of ANFIS model, formulating PVT data to bubble point pressure, is illustrated inFigure5. 
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Two versions based on the training algorithm, of the ANFIS hybrid model were used in this study: Grid Partitioning, and 
Subtractive Clustering. The ANFIS with Grid Partitioning (ANFIS-GP) was used to generate a single-output Sugeno-type fuzzy 
inference system (FIS) using a grid partition on the data. The Neuro-Fuzzy model always needs to select the suitable input-
output data. All options of this model were applied and the optimal option was chosen. 

The ANFIS with Subtractive Clustering (ANFIS-SC) was also used to generate a FIS by first applying subtractive clustering 
on the data. This is accomplished by extracting a set of rules that models the data behavior by first using the genfis2 function 
to determine the number of rules and antecedent membership functions and then using linear least squares estimation to 
determine each rule's consequent equations. 

In order to find the optimum radii, firstly different radii were proposed to estimate the bubble point pressure. The RMSE 
and the correlation coefficients (R2) were calculated. From Figures 6&7, the optimal clustering radius was specified (0.42) 
whereas the optimal output function with RMSE equal to 35 and 90.4 and R2 equal to 0.9994 and 0.996 for training and 
testing data respectively.  

 

 

Fig. 5.  ANFIS model structure of Pb prediction. 

 

Fig. 6. Optimal Radii for ANFIS-SC with Dataset. 
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Fig. 7.  Optimal Radii for ANFIS-SC with Dataset. 

A hybrid optimization method which combines least squares estimations with back-propagation was used to adjust the 
membership functions’ (MFs) parameters. Several input MFs types with different number function (2, 3) were tried with 
linear and constant output MFs. The grid partition method first uses the genfis1 function to determine the optimal number 
and type of membership functions from input-output bubble point pressure datasets. This is summarized and shown in 
Figures8 & 9. However, Gaussian MFs with linear output MF were found to be highly competitive in performance. A further 
comparative investigation showed that the Gaussian MF is optimal for this problem. This agrees with literature of Quintana 
[26] who presents the Gaussian MF as the best for most applications. 

���(�) = ��� �
�(���)�

���
�…………………(3) 

Where C and σ^2 are the centre and width of the fuzzy set Ai respectively. 

Two Gaussian MFs were found as the optimal input function whereas the linear function as the optimal output function 
with RMSE equal to 13.8 and 10.7 and R2 equal to 0.99992 and 0.999952 for training and testing data respectively. 

 

Fig. 8.  Performance of Three Input MFs for Linear Output MF. 
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Fig. 9.  Performance of Three Input MFs for Constant Output MF. 
 
 
 

4.3 THE EXPERT SYSTEM MODELLING 

Figure11 illustrates the AAPRE and RMS of twenty three correlations with expert system. The results show the 
improvement in Pb accuracy by using ES with AAPRE equal to 1.94 and RMS=36.7 (red column).Figure 10 Shows the 
participation rate of each correlation in Expert System correlation.  

Expert system is able to determine the best empirical correlations. To check the validation of ES program, the different 
data from different region was chosen. The results (Figure12) show that the ES correlation gives better accuracy in estimating 
bubble point pressure of Malaysian crudes (93 data points) than other known correlations available in the literature. The ES 
correlations give low values of AAPRE=2.16 and RMS=78 with correlation coefficient values close to an ideal value of 
1.0.Table 4 shows a wide range of parameters that can be used in this Expert System.Figure 11&12 illustrates the user-
friendly interface and result of Expert System. 

 

Table 4.  The limitations of developed Expert System. 

Parameter Maximum Minimum 

Pb 12230 15 

RS 4569 0 

�� 1.872 0.335 

API 124 6 

T 
o
F 327 59 

FVF 4.35 1.007 
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Fig. 10.  Participation Rate of Correlations. 

 

Fig. 11.  AAPRE and RMS for 23 Correlations with ES result from Middle East Data. 
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Fig. 12.  AAPRE and RMS for 23 Correlations with ES form Malaysian Crudes. 

 

4.4 COMPARISON 

The comparison was done between Artificial Intelligent methods and the most accurate empirical correlations (Al-
Marhoun, Fig.11). The results show that the performance of Artificial Intelligent models is more accurate than the empirical 
correlation. The results also showed that, in terms of R2 and RMS, the GA-ANN hybrid model outperformed all the other 
hybrid models with the highest accuracy as shown in (Figs. 13-16). Expert System and ANFIS models might perform equally 
well as GA-ANN models (Figs.14-16). Based on the result of this study, Al-Marhoun did not perform well as Artificial 
Intelligent.  

5 CONCLUSIONS  

The following conclusions have been drawn from this study: 

 A novel methodology for predicting bubble point pressure was introduced. 

 Intelligent techniques are powerful tools which overcome incompleteness, imprecise and uncertainty existent in 
reservoir parameters. 

 The hybrid models showed superior performance with the highest correlation coefficients, and lowest root mean 
square errors. 

 Hybrid optimization method is faster and more accurate than any artificial intelligent algorithm alone. 

 A detailed comparative study of 23 Bubble Point Pressure correlations, GA-ANN, Expert System, and 2 versions of 
Adaptive Neuro-Fuzzy Inference System are presented in this paper. 

 The two versions of ANFIS used in this study are equally good and demonstrate competitive capabilities due to 
the excellent performance of the grid partitioning (ANFIS-GP), and subtractive clustering (ANFIS-SC) algorithms. 

 A comparison was based on the prediction of bubble point pressure of oil reservoirs obtained from diverse fields 
with different lithological and geological formations.  

 Neuro-fuzzy systems are data driven fundamentally. Thus, more data for training the system, better 
performance and more generalization will be achieved.   
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Fig. 13. Cross Plot of Neuro-Fuzzy, Al-Marhoun, Expert System, and GA-ANN Correlations. 
 
 

 

Fig. 14. Statistical accuracy of total grouped of Pb. 
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Fig. 15. Error distribution of the Four Models. 
 

 

 

Fig. 16. Comparison of R2 and AAPRE for different Pb models. 
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Table 5.  Input Parameters Ranges for Bubble Point Pressure Correlation 

Authors Pb API �� T GOR FVF 

Standing (1947) 7000-130 63.8 -16.5 0.95-0.59 258-100 1425-20 2.15-1.024 

Lasater (1958) 5780-48 51.1-17.9 1.2-0.57 272-82 2905-3  

Vazquez &Beggs 6055-15 59.3-15.3 1.35-0.51 294-75 2199-0 2.226-1.028 

Glaso (1980) 7142-165 48.1-22.3 1.276-0.65 280-80 2637-90 2.588-1.032 

Al-Marhoun (1988) 3573-130 44.6-19.4 1.367-0.752 240-74 1602-26 1.997-1.032 

Kartoatmodjo and Schmidt 6055-15 58.9-14.4 1.71-0.38 320-75 2890-0 2.747-1.007 

Dokla& Osman (1992 4640-590 40.3-28.2 1.29-0.80 275-190 2266-181 2.493-1.216 

Macary and El-Batanoney 
(1992) 

4600-1200 40-25 1.0-0.7 290-130 1200-200 2-1.2 

Petrosky&Farshad (1993) 6523-1574 45-16.3 0.8519-0.5781 288-114 1406-217 1.623-1.118 

Omar &Todd (1993) 3851-790 53.2-26.6 1.32-0.612 280-125 1440-142 1.954-1.085 

Farshad, Leblance, Garber 
& Osorio [Single Stage] 
(1996) 

4138-32 44.9-18 1.73-0.66 260-95 1645-6 2.747-1.007 

Farshad, Leblance, Garber 
& Osorio [Single Stage] 
(1996) 

4138-32 44.9-18 1.73-0.66 260-95 1645-6 2.747-1.007 

Almehaideb (1997) 4822-501 48.6-30.9 1.12-0.75 306-190 3871-128 3.562-1.142 

Hanafy, Macary, ElNadi, 
Baiomi& El Batanony 
(February 1997) 

5003-36 48.8-17.8 1.627-0.623 327-107 4272-7 4.35-1.032 

Hanafy, Macary, ElNadi, 
Baiomi& El Batanony 
(March 1997) 

5003-36 48.8-17.8 1.627-0.623 327-107 4272-7 4.35-1.032 

Khairy and El-Tayeb (1998) 4930-236 54.3-30.7 1.417-0.675 282-120 4569-15.8 - 

Khamechi, Rashidi, 
RasouliEbrahimian 2009 

- 124-33.4 0.858-0.554 306-100 1708-83 - 

Velarde, Blasingame& 
McCain (1999) 

6700-70 55-12 1.367-0.556 327-74 1870-10 - 

Al-Shammasi (1999) 7127-31.7 63.7-6 3.44-0.51 341.6-74 3298.6-6 2.916-1.02 

Dindoruk&Christman 
(2001) 

12230-926 40-14.7 1.027-0.6017 276-117 3050-133 2.8984-1.0844 

Bolondarzadeh, 
Hashemi&Soltani (2006) 

5300-100 -  - - 1527-334 1.8492-1.1851 

Mehran, Movagharnejad 
and Didanloo (2006) 

4930-236 - 1.872-0.335 306-77.5 3539-83 3.23-1.09 
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ABSTRACT: Water logging, heavy metals contamination, energy crisis and pest control are some serious environmental 

problem that affects valuable agriculture lands, production and affect other organisms directly and indirectly. Many 
convention techniques are used to remediate pests, water logging and heavy metals pollution. However these techniques 
require extensive operation and management practices. Biotechnology and bioremediation provide some of the most 
economically and environmentally sound techniques for the environmental pollution. This review paper discusses the 
potential of Eucalyptus in the remediation of environmental problems. 

 KEYWORDS: Bio-drainage; Eucalyptus; water logging; water table; heavy metals. 

1 INTRODUCTION 

Eucalyptus has over 700 species distributed throughout the world [1].  Eucalyptus plants vary in size from small shrubs to 
giant trees.  The growth of Eucalyptus species are quick and produce large quantities of wood when grown within or outside 
their natural range. Mostly Eucalyptus species are introduced to provide various products such as fuel wood, pulp and paper, 
sawn timber, essential oils e.g. for medicine and perfumes, and services including reclamation of degraded lands, saline areas 
and drainage of water-logged areas [2]. The aim of this review paper is to investigate the potential of Eucalyptus for 
environmental remediation. 

1.1 ROOT SYSTEM OF EUCALYPTUS  

Eucalyptus has a special rooting system. This rooting system consists of a shallow rooting system just beneath the soil 
surface, and deep tap roots that penetrate deep into the soil reaching the water table. The shallow roots extend horizontally 
to more than three to five meters, these roots are used to absorb surface soil moisture but they are not very dense. The tap 
roots can grow up to 9 meters into deeper soil layers. They are used to take up groundwater from aquifers that are more 
permanently available than surface soil moisture. In dry times Eucalyptus shift their water uptake to the deep roots. This 
roots system makes them able to survive and even grow during dry periods [3]. In an impressive review of measurements 
from a wide range of sites with stands at different stages of development, Knight [4] showed that roots of Eucalyptus trees 
are consistently dimorphic, comprising a widely spreading lateral system just below the soil surface and a deep tap root 
system in young trees that develops deep sinker roots as trees mature. Dawson and Pate [5] present an elegant 
demonstration of the adaptation of deep-rooted trees to access different sources of water from within the soil profile in 
relation to seasonal water availability. They used measurements of the natural abundance of hydrogen stable isotopes to 
detect seasonal changes in the sources of water for plantation stands of E. globulus and E. camaldulensis at Mount Barker, 
Western Australia. Both species accessed ground water using sinker roots in the summer, but the proportion of ground water 
in stems in the more opportunistic E. camaldulensis (26–47%) was much higher than that for E. globulus (9–15%). 
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1.2 EUCALYPTUS AND WATER 

Eucalyptus species use more water than native species of trees [6]. Soil moisture depletion rates were higher under 
Eucalyptus trees in dry season and were lower under the teak and jackfruit. The roots of Eucalyptus camaldulensis penetrate 
in the soil at 2.5 meters per year and absorb water from ground reservoir. Eucalyptus utilizes ground water as well as water 
from upper vadose zone [7]. When roots of E. camaldulensis and E. platypus grow through layers of soil with different water 
contents, they are able to redistribute water between the layers by transferring significant quantities along gradients of 
water potential [8]. The direction of the movement of water, termed ‘hydraulic lift’ may be upwards or downwards 
depending on the timing of rainfall and availability of water stored in different layers. Soares and Almeida [9] used a 
hydrological model to estimate water movement in five layers in the soil profile for E. grandis plantation in Brazil. Water was 
supplied from the root zone for transpiration during the wet period. In the dry period, rates of transpiration fell but water 
was supplied from soil below the root zone. At the end of the dry season this upward movement of water amounted to 1 mm 
per day and was sufficient to balance transpiration rate and maintain water potential in the trees above the critical limit for 
stomata closure. The trees growth causes an increase in the depth of the water table.  The rate of fall of the water table 
doubled with the development of the trees [10]. Ahmad et al., [11] studied the Eucalyptus plantation for intercepting canal 
seepage and controlling water table. White et al., [12] showed that transpiration and evaporation for four species of 
Eucalyptus planted in contour belts were effective at reducing groundwater recharge with minimal competition with 
adjacent crops for water. 

The high growth rate of Eucalyptus by utilizing more water makes it a water pumper in marshy lands. Eucalyptus has an 
inbuilt mechanism to utilize water luxuriously in marshy areas [13]. Among the different Eucalyptus introduced, Eucalyptus 
camaldulensis and Eucalyptus tereticornis are found to be grown extensively [14]. Depending upon the genetic makeup, 
Eucalyptus are showing good tolerance to salinity, water logging etc. Utilizing these variations, benefit capturing through 
selection of tolerant genotypes to abiotic stresses must be exploited in Eucalyptus [15]. 

2 WATER LOGGING 

Water logging is the condition of the soil in which excess water limits gas diffusion [16]. Presently about one third of the 
world’s irrigated area faces the threat of water logging and 60 Mha is already waterlogged and 20 Mha salt affected [17]. A 
soil is said to be water logged when the ground water table gets linked to soil water in the crop root zone and remains like 
this for the remaining period in a year [18]. In other words water logging is the condition when the soil becomes 100% 
saturated with water and becomes unfit for the growth of plants. In such soils, the space between the soil particles is 
occupied by water instead of air. Water logging occurs whenever water enters the soil at a faster rate than it can drain away. 
The duration and severity of the water logging event is influenced by the amount of water entering the system, the 
topography of the site, soil structure and the water absorbing capacity of the soil. The soil is made up of different sized soil 
particles with different sized spaces or pores. The smaller pores (less than 0.5 mm wide) are usually filled with water while 
the larger pores are usually filled with air. Good horticultural soils normally have between 10 to 30% of their volume 
composed of larger pores that are filled with air and 10% is considered the minimum air content for healthy root growth 
depending on plant species [19]. Rise in groundwater level followed by water logging and secondary Stalinization has become 
a serious problem in canal irrigated areas located in arid and semi-arid regions of the world [20]. 

The causes of water logging can be natural and anthropogenic. Main causes are heavy rainfall, poor water management 
system, high water table, floods, over irrigation, seepage from the canals, dams, and other construction activities like 
railways and roads. Water logging and salinity has adverse impact on crop productivity [21], [22], [23]. The principal cause of 
damage to plants grown in waterlogged soil is inadequate supply of oxygen to the submerged tissues as a result of slow 
diffusion of gases in water and rapid consumption of O2 by soil microorganisms. Oxygen deficiency in waterlogged soil occurs 
within a few hours under some conditions. In addition to the O2 deficiency, production of toxic substances such as Fe

2+
, Mn

2+
, 

and H2S by reduction of redox potential causes severe damage to plants under waterlogged conditions [24].  

Suitable water management strategies such as conjunctive use of groundwater and canal water and changes in crop 
patterns by reducing rice crop areas against of other low-water crops such as sorghum are suggested to bring the 
groundwater table down to a safe limit and prevent further rise of the groundwater table [25]. 
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2.1 CONVENTIONAL DRAINAGE TECHNIQUES 

The conventional techniques for recovery of waterlogged areas are the engineering based sub-surface horizontal drainage 
and sub-surface vertical drainage. These techniques are quite effective provided these are properly designed, installed, 
maintained and operated [17]. 

2.1.1 SURFACE DRAINAGE 

According to American Society of Agricultural Engineers surface drainage is the removal of excess water from the soil 
surface in time to prevent damage to crops and to keep water from ponding on the surface. The term surface drainage 
applies to situations where overland flow is the major component of the excess water movement to major drains or natural 
streams. The technique normally involves the excavation of open trenches/drains. It could also include the construction of 
broad-based ridges or beds, as grassed waterways, with the water being discharged through the depressions between ridges. 
Surface drainage is most commonly applied on heavier soils where infiltration is slow and excess rainfall cannot percolate 
freely through the soil profile to the water table [17]. 

2.1.2 HORIZONTAL SUBSURFACE DRAINAGE  

Horizontal subsurface drainage involves the removal of water from below the surface. The field drains can either be open 
ditches, or more commonly a network of pipes installed horizontally below the ground surface. These pipes used to be 
manufactured of clay tiles, with the water entering the pipes through the leaky joints [17]. 

Horizontal subsurface drainage has been found to be an effective technique. It controls the rise of groundwater tables 
and enables productive agriculture. However it is relatively expensive to install, operate and maintain. Also the disposal of 
drainage water that can contain high concentrations of pollutants (nutrients and/or toxic elements such as boron) can create 
problems [17]. 

2.1.3 VERTICAL SUBSURFACE DRAINAGE  

Vertical subsurface drainage involves the removal of groundwater through pumped boreholes or tube wells, either in 
single or multiple well configurations. The common problem with this technique is that deeper, often more saline water can 
be mobilized which can cause disposal problems. Also, as the water is commonly used for irrigation rather than disposal, salt 
is recycled through the soil profile and inevitably groundwater salinities will increase over time. 

Conventional physical drainage works require expensive capital investment, operation and maintenance. Physical 
drainage measures also generate drainage effluent.  Bio-drainage is the use of vegetation to manage water fluxes in the 
landscape, is one such technique that has recently attracted interest in drainage and environmental management circles [17]. 

2.2 BIO-DRAINAGE 

Bio-drainage is the pumping of excess soil water by deep rooted plants using their bio-energy [26].  Bio-drainage is the 
use of vegetation to manage water fluxes through evapotranspiration [27]. The Bio-drainage system consists of fast growing 
tree species, which absorb water from the capillary fringe located above the ground water table. It is an alternative 
technique that has recently attracted interest in drainage and environmental management. The absorbed water is 
transported to different parts of plants and finally more than 98% of the absorbed water is transpired into the atmosphere 
by stomata. This combined process of absorption, translocation and transpiration of excess ground water into the 
atmosphere by the deep rooted vegetation conceptualizes Bio-drainage. 

Fast growing Eucalyptus species are known for luxurious water consumption under excess soil moisture conditions is 
suitable for Bio-drainage. These species can be planted in blocks in the form of farm forestry or along the field boundary in 
the form of agroforestry [28]. Bio-drainage can be a feasible option for controlling water logging and salinity in irrigated lands 
[29]. So far Eucalyptus species has a higher Bio-drainage potential as compared to relatively slow bio-drainers like T. aphylla 
and P. pinnata [30]. The growth behavior, biomass accumulation by the plants and physiological parameters suggests that 
Eucalyptus has high potential to be used as an efficient Bio-drainage species [31]. Eucalyptus tereticornis and Eucalyptus 
hybrid are fast bio-drainers primarily due to their ability to display large leaf area [32]. Cloned Eucalyptus tereticornis (Mysure 
gum) is fast growing, goes straight and thus has low shading effect and has luxurious water consumption where excess soil 
moisture conditions exist. It grows well under a wide range of climatic conditions. In waterlogged areas, it can be successfully 
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grown by ridge planting. The world’s Eucalyptus plantation area has increased to 19 Mha because of its fast growth rate, 
good wood properties, carbon sequestration, and thus seems to be a good option for Bio-drainage [33].  In a study conducted 
by Ram et al., [34] the annual rate of transpiration by Eucalyptus plantations was 268 mm against the mean annual rainfall of 
212 mm. These plantations generated 46.6 tons ha

–1
 fresh biomass with benefit cost ratio of 3:5 and also sequestered 15.5 

tons carbon ha
–1

. Lowering of water table and associated soil improvement by Eucalyptus plantations increased the wheat 
grain yield by 3.4 times and resulted in reclamation of waterlogged areas. 

3 HEAVY METALS 

The  problem of  heavy  metals  getting worse  in  the  environment  from  year  to  year [35]. Therefore heavy metal 
problem must be handled to ensure maintenance of environmental and ecological restoration. Conventional methods are 
generally considered as destructive, expensive, labor intensive and causing secondary problems [36]. Phytoremediation is a 
new, economical, efficient, environmentally friendly remediation strategy with social acceptance [37], [38], [39]. 

3.1 HEAVY METALS REMEDIATION BY EUCALYPTUS 

Woody vegetations are advantageous for phytoremediation as they produce large amounts of biomass, which can be 
used an energy source [40]. Eucalyptus has a huge shoot system which should be able to bioaccumulate large concentrations 
of heavy metals from the soil [41]. Eucalyptus species are effective accumulators of both organic and inorganic compounds, 
which may be due to the leaf geometry and to the possession of epidermal features that include the excretion of sticky 
secondary compounds, thus promoting the adsorption of particulates [42]. Although Eucalyptus accumulates lower levels of 
heavy metals compared to hyper accumulating but using Eucalyptus as bioaccumulator for heavy metals is the low risk of 
entering the food chain because this plant is not consumed by humans and hardly ever used by mammals [43]. For the 
phytostabilisation of arsenic (As) contaminated land and mine tailings E. cladocalyx is an effective species [43]. Eucalyptus 
species are effective in the bioaccumulation of Pb, Zn and Cr in its tissues. However the bioaccumulation can be improved by 
the addition of biodegradable chelating agents such as methylglycine diacetate (MGDA), ethylene succinic acid (EDTS), L-
glutamic acid diacetate (GLDA), L-aspartic acid diacetate (ASDA) [44]. The efficiency of phytoremediation can also be 
enhanced by rhizospheric bacteria [45] and saprophytic fungi [46]. Arriagada et al., [47] reported that Glomus deserticola 
enhances the amount of Pb absorbed by Eucalyptus plants. 

3.2 SORPTION OF HEAVY METALS BY EUCALYPTUS BARK 

On the other hand Eucalyptus bark has the ability to remove Hg [48], Cu and Pb [49] and Cr [50] from contaminated 
water. Eucalyptus bark is an economic sorbent for removal of cadmium ions from aqueous solution [51]. The bark of 
Eucalyptus tereticornis can remove about 96% of Fe, 75% of Zn, 92% of Cu and 41% of sulphate from the acid mine water 
[52]. Kongsuwan et al., [53] demonstrated the use of Eucalyptus bark in the binary component sorption for Cu and Pb. The 
maximum sorption capacities for Cu and Pb were 0.45 and 0.53 mmol/g. 

4 EUCALYPTUS OIL 

Apart from the direct services provided by Eucalyptus specie like biomass production and sink for atmospheric carbon 
dioxide [54], it also has indirect services through their essential oil used as insect/pest repellent and as a pesticidal agent [55]. 
Widespread oil yielding Eucalyptus species are E. citriodora, E. globulus, E. polybractea, E. camaldulensis and E. grandis, E. 
citriodora. Eucalyptus species are among the world’s top traded oils and oil extracted from E. citriodora is one of the world’s 
major oil in terms of trade volume [56]. Under Food and Drug Authority of USA Eucalyptus oil is GRAS (Generally Regarded as 
Safe) category by and classified as non-toxic [57]. Council of Europe has also approved the use of Eucalyptus oil as a flavoring 
agent in foods (≤5 mg/kg) and candies and confectionery items (≤15 mg/kg) [58]. Eucalyptus essential oils and their major 
constituents possess toxicity against a wide range of microbes including bacteria and fungi, both soil borne and post harvest 
pathogens.  
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Table 1.  Eucalyptus oil used as pesticide 

Eucalyptus Species Extracted 
constituent 

Reference 

E. citriodora Citronellal Ramezani et al., [65]  

E. globules 1,8-Cineole Yang et al., [61] 

E. urophylla 
E. camaldulensis, E. grandis 

γ-Terpinene, 1,8-
Cineole 

Su et al., [62] 

E. grandis α-Pinene, 
1,8-cineole 

Lucia et al.,[66] 

E. grandis,  
E. urophylla 

Alloocimene, 
α-pinene 

Liu et al., [67] 

Eucalyptus oleosa 1,8-cineole Naceur et al., [68] 

Eucalyptus camaldulensis, Eucalyptus 
astringens, Eucalyptus leucoxylon, Eucalyptus 
lehmannii and Eucalyptus rudis 

1,8-cineole, 
α-pinene, and α-
terpineol 

Mediouni et al., [69] 

Eucalyptus camaldulensis 1,8-Cineole Cruz-galvez et al., [70] 

 

They have been found to reduce mycelial growth and inhibit spore production and germination [59], [60]. E. globules and 
its major monoterpene 1,8-cineole showed toxicity against human head lice, Pediculus humanus capitis [61]. The essential oil 
from E. Citriodora could be an excellent choice as a wood preservative and preservation of leather goods and wood artifacts 
[62]. Eucalyptus oil is toxic for weeds and has a great potential for weed management [63], [64].  

Table 2. Eucalyptus oil used as insecticide 

Eucalyptus Species Used for Reference 

Eucalyptus 
camaldulensis 

Tribolium confusum and Ephestia 
kuehniella 

Tunc et al., [71] 

Eucalyptus spp. Sitophilus oryzae Lee et al., [72] 

Eucalyptus spp. Thaumetopoea pityocampa Kanat and Alma [73] 

E. globules Pediculus humanus capitis Yang et al., [61] 

E. globules Musca domestica Abdel Halim and Morsy [74] 

Eucalyptus spp. Lycoriella mali Choi et al., [75] 

E. tereticornis Anopheles stephensi Nathan, [76] 

Eucalyptus spp. Tribolium castaneum, Rhyzopertha 
dominica, Sitophilus oryzae and 
Sitophilus zeamais, Corcyra 
cephalonica and Sitotroga cerealella 

Rajendran and Sriranjini [77] 

Eucalyptus 
leucoxylon 

C. maculates, S. oryzae and T. 
castaneum. 

Kambouzia et al.,[78] 

Eucalyptus 
globulus 

Trogoderma granarium Tayoub et al., [79] 

E. camaldulensis Ectomyelois ceratoniae Mediouni et al., [69] 

5 BIO-ENERGY FROM EUCALYPTUS 

Eucalyptus is among the fastest growing hardwood plantation genus in the world. In addition, Eucalyptus has been used 
for bio-energy production in many countries. Eucalyptus species have potential for high biomass production and they 
tolerate a wide range of soils and climatic conditions. High productivity can provide substantial yields of biomass reduce 
greenhouse gas emissions from fossil fuel consumption and can also reduce operational fossil fuel use by replacement of 
more energy intensive forms of land use [80]. Annual stem growth rate vary with soil, climate, biotic influences and genetic 
factors. Eucalyptus yields 18m

3
ha

-1
 year

-1
 over a 12 year rotation with single species clones [81] and up to 35m

3
 ha

-1
 year

-1
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with hybrid clones [82]. Cold tolerant species like E. gunnii have yielded annual stem growth rate of 25m
3
 ha

-1
 year

-1
 at 11 

years old [83]. Faster growing species such as E. nitens may yield mean annual increments of over 25m
3
ha

-1
 year

-1
 [84]. 

6 CONCLUSION 

This was concluded that Eucalyptus species are effective in combating water logging, heavy metals remediation and as 
natural pest control. Eucalyptus can provide substantial yields of biomass can reduce greenhouse gas emissions from fossil 
fuel consumption. Eucalyptus in remediated water logging, pest control and heavy metal pollution is economically feasible, 
socially acceptable and ecologically viable as compared to conventional techniques. Bio-drainage is a viable alternative of 
conventional engineering-based techniques could be bio-drainage by high water uptake trees like Eucalyptus species. Bio-
drainage is economical because it requires only initial investment for planting the vegetation, and when established, the 
system provides economic returns by means of fodder, wood or fiber harvested and additionally sequesters carbon in the 
timber. However the salts extraction ability of Eucalyptus needs to be improved to make these species more effective for 
water logging. 
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ABSTRACT: The ferrofluid Fe3O4/water had been prepared by chemical precipitation method and stabilized by the addition of 

long chain of polybutadien polymer. A Microwave technique (transmitter- receiver) has been used to measure the void 
fraction in two-phase ferrofluid flow. The system of the Microwave technique consists of transmitter of microwave 
generated by Gunns diode. New theoretical equations were derived. In this radio-absorption technique, because the relative 
difference of absorption of microwave energies between air and ferrofluid the idea is valid in somehow. 

KEYWORDS: Magnetic two-phase fluid; Void fraction; Bubbly flow; Bubble column. 

1 INTRODUCTION 

The magnetic fluid is a suspension of fine solid magnetic particles like Fe3O4 in a host liquid such as water. The suspension 
behaves as a fluid with magnetization effects in a magnetic field. Some of the applications of magnetic fluids are the 
following: production of zero-leakage rotary shaft steels for use in computer disk drives, vacuum feed through for 
semiconductor manufacturing, pressure seals for compressors, magnetic fluid dampers and actuators, etc. An energy 
conversion system using magnetic fluids was proposed by Resler and Rosenwieg [1]. It was based on the principle that the 
magnetization of magnetic fluids changes with temperature. However, no significant results were obtained due to the 
difficulty of the preparation of temperature-sensitive magnetic fluids. In order to overcome this limitation, Kamiyama et al. 
[2] contrived a new energy conversion system using magnetic two-phase flow then a larger driving force than in conventional 
system can be expected to induce the magnetic fluid flow because the properties of magnetization changed not only by 
temperature but also by gas inclusion (that is, void fraction). Void fraction in magnetic two-phase flow is defined as the ratio 
of the volume of gas to the total volume of gas-magnetic fluid mixture in a finite length of the pipeline. This ratio is useful for 
the determination of the average density, pressure drop, flow pattern, changes of magnetic susceptibility, etc. Kamiyama et 
al. [2] stressed the need for the development of a measuring technique for void fraction in two-phase magnetic fluid flow. 
The aim of the present work is to satisfy this need. 

2 THEORY 

The measurement of void fraction in the colloidal magnetic fluid (ferrofluid) is based upon the fact that the radio 
absorption of the magnetic liquid is different from that of the gases. So the use of surface density of power Pd is useful and 
represented by [3]: 

 

�� =
�

����	
          (1) 

 
where R represents thew distance between transmitter and receiver, P is the power emitted from the transmitter and if 

the surface area of the receiver is AR then the power intered the receiver is: 
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����
         (2) 

 
In this case any change in the surface area in front of the receiver will change the received power of the receiver and then 

the current recorded.   

The ferrofluid is an excellent absorber of microwave energy so it might be considered as a shield despite its thickness in 
front of the receiver.Any change in the height of the ferrofluid in the bubble column as a result of gas inclusion means 
changing in the shielding surface area and finally in the power and current recorded as illustrated in figure (1). So equation 
(2) will be rewritten in the form of: 

�� = ���� =
�����

����
        (3) 

 
�ℎ���	�� represents the width of the surface of the receiver and �� represents the height of the face of the receiver and it 

will be changed under the action of gas inclusion where the rise of ferrofluid in the bubble column as a result of gas inclusion 
means decreasing of �� and then in power received where the received power as a function of ∆h (rise of ferrofluid). 

The power received as a function of height of ferrofluid in the bubble column is given by: 

  ��(�) = ���� =
���(��	�∆�)

����
      (4) 

An empirical relation has been used to express the effect of void fraction to the current registered in the receiver 
technique  

�� = �����        (5) 

And  

��(�) = ���         (6) 

 
Dividing eq (4) by (3) and eq (6) by (5) leads to: 
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and 
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=
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= 1 −

∆�

��
= 1 − �      (8) 

3 MATERIALS, APPARATUS AND EXPERIMENTAL PROCEDURE. 

The colloidal magnetic fluids (ferrofuid) were prepared by the chemical precipitation method [4] in the laboratory. X-ray 
line broadening indicates that the mixture contains fine particles of magnetite with an average particle size of d =120.5 A°. 
This was obtained by using Scherer's equation [5] as follows: 

� =
��

�	���	�
          (4) 

where λ is the X-ray wavelength (1.5406 A°), K is the shape factor (0.89) for magnetic particles [5]. β is the line broadening 
measured at the half-height of the peak and expressed in units of 2θ (β=  0.800°), θ is the Bragg angle in degree (θ=35.395). β 
must be expressed in units of radians in Scherer's equation. Particles diameter measurements were done by (Philips 
Analytical-PC 286 DIFFRACTOMETER of Germany). Magnetite particles were stabilized by the addition of the Polymer 
(Polybutadiene) to the mixture. This polymer normally forms a thin layer around the particles. This polymer was chosen in 
the laboratory on the basis that it has long molecular chains and adsorbs easily in water solutions around the magnetite 
particles. Fig. 1 shows the experimental apparatus of the microwave technique for void fraction measurements. This 
apparatus consists of a transmitter and receiver for microwave pulses generated by gunn s diode penetrating the rectangular 
column of thin walled glass container filled partially with ferrofluid in a shape describing a fluid height changed according to 
its value of gas included in any mechanism feasible and easy to measure  so any change in height reflects a change in volume 
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of the mixture of gas and ferrofluid so the perpendicular face area in front of the transmitter and receiver will be changed 
and as a result the received energy of microwave pulses. 

4 RESULTS AND DISCUSSION 

The results of X-ray analysis were shown in Fig. 2 reflect that the results of chemical precipitation method was successes 
in making magnetite particles with particle size d≤120 A° which are suitable to maintain the suspension and the particles 
remain buoyant in the host of water but this results are no longer enough to make the suspension remain stable and does 
not segregate under the influence of magnetic field, so the addition of polybutadien polymer as a surfactant agent is feasible 
to enhance the mechanical stabilities of magnetic liquid. The associated component in magnetic fluid as a results of chemical 
method is the salt which is harmful and must be removed from the liquid. After a multy stage of washing of ferrofluid the 
agglomeration of ferrofluid particles is decreased as illustrated in Figs. 4 and 5 before and after washing respectively. This 
figures are of the laser particle size analyzer and the values of particle size is in the range of micrometer which give us a proof 
that the particles are coated with the molecules of polybutadien polymer and reflect the laser beam. Results about void 
fraction are clear and reliable as illustrated in Fig. 2 and the relation as expected from equation (8) is linear and the 
registered dimensionless current is decreased with the increased of void fraction.  

5 CONCLUSIONS 

1. The microwave was a new method suggested to measure the void fraction in colloidal two-phase magnetic fluid. 
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Fig. 1. Bubble column filled with ferrofluid and a fraction of gas in bubble phase. 

 
2.  The ferrofluid is opaque medium; therefore optical methods could not be used for the measurement of void fraction. 
3.  Steel walled test section cannot be used in this technique, because all the microwave flux lines will concentrate in the 

steal wall. 
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Fig. 2: Relative dimensionless current registered vs void fraction 
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Fig. (3) X- ray analysis for ferrofluid dry sample 
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Fig. 4: LASER particle size analyser for ferrofluid wet sample before washing and removing salt. 
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Fig. 5: LASER particle size analyzer for ferrofluid wet sample after washing and removing salt 
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ABSTRACT: Efficient drying of cereals, pulses and pellets in rural India has always been hindered in rainy seasons and during 

cloudy days. This can lead to wastage of agricultural products during storage in both farms and individual homes. We present 
the method of designing a Fluidized Bed Dryer for drying purposes. This simple and efficient system based on the fluidization 
process has been designed in SolidWorks software. The design has been thermally analyzed using Ansys. Stress analysis and 
flow simulation has also been carried out using Ansys. Our studies showed that the design can withstand the working 
conditions and hence a compact working model of the design was fabricated. Further tests and experiments can be 
conducted on the fabricated model for other uses including polishing and smoothening of rough particles for industry.  We 
conclude that the design can effectively be used in for drying purpose both at domestic and industrial scale. 

KEYWORDS: Fluidization, Ansys, SolidWorks, Drying, Fabrication 

1 INTRODUCTION 

Fluidized bed technology has been used in industrial dryers for the drying of wet solid particles [1]. Industrial drying 
operations require a high rate of heat and mass transfer and a high rate of solid transport to or from the dryer. The main 
advantages of fluidized bed technology in drying application are large contact surface area between solids and gas, high 
thermal inertia of solids, good degree of solids mixing, and rapid transfer of heat and moisture between solids and gas that 
shortens drying time considerably without damaging heat sensitive materials. In addition, fluidized solid particles can be 
easily transported into and out of the dryer by gravity (much like a liquid) and transported elsewhere by pneumatic 
conveying with less mechanical equipment. Fluidized-bed drying has found many applications in chemical, metallurgical and 
pharmaceutical industries [1, 2]. 

In a country like India where grains like cereals are harvested seasonally and consumed continuously; need to be stored 
properly from insects, pests, mold, and fungus formation [3]. The situation can worsen during rainy seasons and high humid 
conditions. Cooling the grain by ambient air aeration (even in tropical climates) solar cooling’ or refrigerated aeration offers 
many benefits including slowing insect population growth rates, reducing pesticide usage and preserving grain quality. Drying 
grams, such as paddy rice, to a moisture content of 14% is essential to prevent destructive mold growth and to maintain 
germination and milling qualities [4-9] 

Heating grains to 55°C for 15 min is lethal to all stages of insect, fungus development; while at 65°C death is almost 
instantaneous [10]. Adequate management of insects and molds that attack and destroy harvested grain has always received 
less attention [11]. We present a model (design) for domestic heating of grains, cereals to prevent the mold and fungus 
formation in humid and wet conditions. Fluidized Bed technology has been used to achieve the same.   
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2 DESIGN OF FLUIDIZED BED DRYER [FBD] 

The design has been made keeping in mind various parameters including mobility, compactness, efficiency of heat 
transfer and volume. The model was made in SolidWorks 2012 software and has been analyzed in Ansys 14. The whole 
structure is supported by tripod stand. It consists of the following parts as shown in the figures,    

   

Fig. 1. Upper chamber (Pellet Inlet) Fig. 2. Borosilicate Glass chamber Fig. 3. Middle Chamber 

   

Fig. 4. Lower Plenum  Fig. 5. Air inlet tube with flange Fig. 6. Teflon Distributer Plate 

     

Other necessary parts include the Tubular Heater (Heat source), Asbestos and Rubber gaskets (to prevent the outflow of 
hot air to the atmosphere), Dimmer stat (to vary the current to the tubular heater), stainless steel mesh (to hold the sand 
pellet mixture), Valves (for inlet and outlet) and Air Blower (provide the inlet air).  

 

Fig. 7. Final model assembly. 
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3 OPERATION/WORKING 

Cleansed and clear fine sand (0.05 mm to 1 mm) is used to produce the effect of fluidization. The pellets (like cereals, 
grains) are mixed along with the sand and are poured into the chamber through the pellet inlet.  Tubular heater fixed inside 
the air inlet tube provides the required amount of heating (by varying the current) and the hot air is made to flow into the 
chamber with the help of an air blower. Hot air is then distributed evenly before entering the chamber by Teflon distributor 
plate. This evenly distributed hot air mixes with the mixture of sand and pellet to cause the fluidization. A suspended state of 
solid fluid mixture is formed and effectively dries the pellets. Sand has a high heat retaining capacity which augments the 
process of drying effectively. The pellet sand mixture is then removed from the outlet and can be separated out using a 
simple sieve.  

4 ANALYSIS IN ANSYS 

A temperature close to 383K (above boiling point of water) has to be reached to remove the moisture content and 
effectively aid the drying process. Temperature analysis with different flow velocity was done to find out the optimal flow 
velocity to reach close to 373K in the chamber.  

 

             

 

Figure 8: Temperature variation at velocity = 2 m/sec                  Figure 9: Temperature variation at velocity = 8 m/sec 

 

           

 

Figure 10: Temperature variation at velocity = 15 m/sec              Figure 11: Temperature variation at velocity = 20 m/sec 

                    

We can see from Figure 8 that the heat is not effectively transferred from the inlet to the chamber region. Temperature 
of only 305K is reached as against 383K which is the target temperature. Keeping the current constant, the flow velocity is 
slowly increased to 8 m/sec, 15 m/sec, 20 m/sec and it can be observed that the target temperature of 388K. It can be 
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concluded from the temperature analysis that a flow velocity of 20 m/sec is required to attain the target temperature of 
388K for effective drying of pellets and remove the moisture content completely.  

 

 

Figure 12: stresses induced in the glass structure                               Figure 13: Flow happening in the Fluidised Bed Dryer 

 

Force of 101.27N due to weight of the upper chamber acts on the glass structure and the stresses induced in it are shown 
in Figure 12. The maximum stress induced is 39 KPa on the borosilicate glass structure which is in the accepted limits and safe 
design criteria. It can be clearly seen from Figure 13 that flow is streamlined till the start of plenum from the air inlet and 
then it turns turbulent as the flow whirls in the plenum section due to mesh plate (acts as obstruction) to the flow with holes 
of diameter 2.5mm which allows only the air to pass through the mesh plate. 

5 REMARKS AND CONCLUSION 

The design satisfied the purpose of drying pellets effectively and an optimum temperature of 388K was reached at a flow 
velocity of 20 m/sec. The flow can be provided by either by an air blower or air compressor. The hardware model of the 
fluidised bed dryer was made for testing and analysing the effectiveness of drying and was found successful meeting the 
needs.  

 

Figure 14: Hardware Model 

The hardware model (Figure 14) is now been tested for its other uses including polishing and smoothening of particles for 
small scale industry usage. Further development to the design includes the attachment of sensors and control systems for 
exact measurement of various parameters of temperature, pressure and velocity which will help in conducting more tests 
and experiments.  
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