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ABSTRACT 
 
 Sudan as other developing countries is heterogeneous in terms of scientific capabilities, social structures, 
and economic goals.  Most of the poor live in rural areas and depend on agriculture for their livelihoods. The 
aims of this study are to identify the benefits of poultry biotechnology in relation to household’s health, income, 
environment and crop production and to explore the use of biotechnology to reduce poverty and achieve food 
security. The study is covering the irrigated farms in rural Gezira State. The conceptual model necessary for an 
assessment of biotechnology’s economic benefits are outlined by using GAMS and SPSS software program. 
The study results demonstrated that, the use of poultry biotechnology reduce the need for chemicals fertilizers, 
lower production costs, improved soil fertility, increased crops yield and enhanced sustainability. Poultry 
Biotechnology can help reduce poverty directly by raising the welfare of poor farmers who adopt the 
technological innovations and indirectly via employment creation for landless workers and the rural non-
agricultural and urban poor. Potential benefits can be through increased production for home consumption, more 
nutritious foods, higher gross revenues from sales, lower exposure to risks and improved natural resource 
management. 
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Introduction 
 
 Biotechnology, broadly defined, includes any 
technique that uses living organisms, or parts of such 
organisms, to make or modify products to improve 
plants or animals, or to develop microorganisms for 
specific use [3,15,14]. It ranges from traditional 
biotechnology to the most advanced modern 
biotechnology. During the past decade there has been 
rapid progress in the application of modern 
biotechnology in developed countries. Starvation, 
malnutrition and food insecurity continue to haunt 
Africa and poverty remains to be the script of much 
of the continent [5].  
 The livelihoods of most rural and low-income 
farmers in Sudan are to a large extent based on 
agriculture and face food insecurity. In country 
recently the agricultural production is now 
increasingly being characterized by the use of 
modern Technology. 

 Agricultural biotechnology is a collection of 
scientific techniques, including conventional 
hybridization, that are used to modify or improve 
plants, animals and micro-organisms. Agricultural 
biotechnology is a loosely-used term that includes a 
wide range of processes that change raw material 
into something edible or longer-lasting [4]. 
 Livestock is becoming increasingly important to 
economic growth in developing countries and the 
application of biotechnology is largely dictated by 
commercial considerations and socio-economic goals 
[17]. Most foods today come from plants or animals 
that farmers have genetically modified (GM) through 
centuries of conventional breeding [13]. Food 
derived from GM livestock and poultry are far from 
commercial use, it is increased egg production in 
poultry by creating two active ovaries [23]. The 
application of new poultry biotechnologies, such as 
improved egg breaking machines, better dryers, etc., 
guide to a variety of new egg products.  
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Economical Benefits of Biotechnology: 
  
 The application of modern biotechnology is 
recognized as the potential answer to the growing 
problems of food security (i.e., the ability to provide 
adequate and affordable food), poverty and 
environmental degradation, particularly in 
developing countries [21]. The benefits of 
biotechnology go further than environmental and 
farmer benefits. Consumers are benefiting with 
healthier foods as same quality and quantity of foods. 
There is ample evidence that economic advances in 
the developed and newly industrializing countries are 
results of technological and organizational 
innovations [19]. The difficulties of systematic 
genetic improvements in animal science have been 
mastered, along with the introduction of a number of 
techniques for efficient animal husbandry [20].  And 
at the same time, of course, there has been a 
generalized improvement in the knowledge level of 
farmers themselves, affecting what is referred to as 
their human capital. 
 Biotechnology has the potential to improve 
living standards in low-income countries. 
Applications of biotechnology can increase food 
output, improve nutritional quality, and raise health 
status[12]. 
 
Overview of Poultry Production and Biotechnology 
in Sudan: 
 
 The poultry industry shared with 4% of the total 
national product. The word poultry includes 
chickens, turkeys, ducks, geese, quails, guinea fowls 
and other domesticated birds [22]. In Sudan chickens 
are common while the other types are rear. Poultry is 
now by far the largest livestock species worldwide 
[10]. The total population of the domestic poultry in 
Sudan is estimated as 45 millions of chickens [10]. 
The total production of poultry meat is estimated as 
27 thousands tones in 2007/2008. Significant 
numbers of the modern farms is established in Sudan 
which largely concentrated in the big cites and 
communities in the urban areas. There is substantial 
private sectors participated in poultry biotechnology 
in Sudan e.g. Choral company, Arabic Company and 
etc Besides small personal farms which are widely 
distributed in the urban areas and to some extent in 
the rural areas. 
 Three types of poultry keeping are distinguished 
in Sudan: household poultry keeping, traditional 
open house poultry keeping and modern intensive 
poultry keeping. 
 The rural poultry sector managed under the 
traditional village poultry production systems.  This 
sector feed with the household wastes, insect, grass 
and vegetables. 
 The poultry production plays a significant role in 
human nutrition and as a source of income in the 
rural areas. Egg constitutes the bulk of poultry 

products produced in Sudan with highest growth rate 
of recorded for [1], reported that seven foreign firms 
and seven local firms operate in the field of poultry 
development taking into consideration the 
introduction of new technologies were provided by 
many facilities in order for this sector to become 
highly developed as well as the activation of no less 
than 26 agricultural societies in an area of 116741 
Feddans.  Poultry play important economic, 
nutritional and socio-cultural roles in the livelihoods 
of poor rural households in Sudan where hens are 
widely integrated into smallholder production 
systems and help households cope with hunger and 
poverty. 
 In Sudan the egg products are used as 
ingredients in various formulated food products, such 
as cake mixes, salad dressings, etc. some females 
using egg as cosmetic products, particularly during 
social and official ceremonies.  
 
Present Problem and Justifications: 
 
 Biotechnology is a very limited potential to 
alleviate poverty and to achieve food security in rural 
Sudan, because it does not address the main reasons 
for poverty and food insecurity. The rural farmers in 
Sudan face a multitude of problems, such as socio-
economic barriers, lack of farm management skills, 
the degradation of natural resources (e.g. drought, 
poor soil fertility), inadequate food items, poor 
infrastructure, rural norms (e.g. keeping the local 
breeds and mind with quantities) insufficient access 
to productive resources (e.g. credit), poor access to 
farm inputs (e.g., fertilizers), and unfavorable terms 
of product marketing and lack of manpower. The 
domestic laying hens are commonly did not fill gape 
of food security in the rural areas specificity for 
small kids in the households. Most Sudan poultry 
productions are under traditional systems in which 
feeding and nutrition is dictated by, producer’s 
management and consumer preferring. In most rural 
areas there are shortage of poultry products and 
dramatically increasing cost of food items. Various 
constraints on applying poultry biotechnologies have 
been enumerated in the rural Sudan e.g. the high cost 
of poultry technological inputs such as materials and 
equipments. The absent of extensions services and 
poor consciousness of the rural farmers bout the 
benefits of biotechnology.  
 
Goals of the Study: 
 
 The study aims to determine to what extent the 
rural farmer’s adoption and believe of significance 
benefits  
of the modern poultry biotechnology in the rural 
household life.  
 The study reviews the evidence in three broad 
areas: 
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1. The impact and significant of poultry 
biotechnology on food security, poverty reduction, 
household’s health, income, environment and 
consumption in the rural areas. 
2. The impact of poultry biotechnology in enhancing 
crop production in terms of applying the poultry 
manure as organic fertilizers. 
3. The consciousness of farmers and consumers 
about poultry biotechnology  
 
Methods: 
 
 Data were gathering using expensive 
questionnaire supported by approximately 200 
farmers covering the irrigated in farms in central 
Sudan (Gezira Stat). Additionally the consumers of 
poultry production were interviewed, on sample of 
20 consumers. Study was carried in 2008/2009 using 
technique of personal communication and semi-
structured interview questionnaire. Collected data are 
primary information about main social-economical 
traits of farmers (e.g. age, gender, education 
attainment, income, etc...), crops and poultry 
production issues, participation in making of 
decisions about purchasing, as well as opinions and 
attitudes of Sudanese consumer’s preferences about 
GM egg pertaining to consumption of poultry 
production. Statistical package for the social sciences 
(SPSS) and Microsoft excel were used to analyze the 
data collected for discussion. The conceptual model 
necessary for an assessment of biotechnology’s 
economic benefits is outlined by using linear 
programming (LP) technique analyzed with GAMS 
software program. 
 The conventional statement of LP model takes 
the following form: 
A. Objective functions subject to: 
n 
 
Max Z = CjXi             (1) 
j = 1 
 
Where: 
Xj = is the level of the jth farm activity such as the 
area grown with field crops or poultry farm. n: 
denotes the number of possible activities; the j = 1 to 
n. 
Cj = the objective value, in this case the forecasted 
gross margin of a unit of the jth activity (SDG 
feddan).  
B. constraints equation subject to: 
n 
 
aij Xj ≤bi , all i= 1 to m                                        (2) 
 
j=1 
and the non- negativity constraint activities is subject 
to: 
 
Xj ≥0 all j = 1 to n                                                   (3) 

 
 Where: aij = quantity of the ith resource (land, 
labour, fertilizers, poultry feed (sorghum grain 
,groundnut cake, Sesame cake, wheat bran) required 
to produce one unit of the jth activity (sorghum, 
millet, groundnut, egg, etc…). m: denote the number 
of resources; then i = I to m. bi = amount of the ith 
resource available (e.g. feddan of land or days of 
labour). The objective is to find the cropping system 
(defined by a set of activities levels Xj, j = 1 to n) 
that has the highest possible total gross margin, Z, 
but dose not violate any of the fixed resource 
constraints or involve any negative activity levels. 
The household resources constraints used in this 
study are land resources, family labour, amount 
acquired from fertilizer, seeds and poultry feed. 
 GAMS is a soft ware package to solve systems 
of equations; it stands for General Algebraic 
Modeling System and is constructed by GAMS 
Development Corporation [6]. GAMS has it’s origin 
in economics modeling. The general structure of a 
simple GAMS input file of this study are following 
elements: 
 
A. Sets: 
 
 Sets may be applied to inputs or outputs, 
contains the elements, activities or constraints. e.g. 
crops or poultry (j) or resources (i). The sets used are 
includes the following: 
 
1. Activities (j): 
 
 It is termed with (j) letter. These activities 
include: 
 Field crop production activities (cotton, wheat, 

sorghum and groundnut) and poultry. 
 
2. Resources (I): 
 
 Various types of resources or inputs are 
introduced in the model termed with the letter (I). 
The inputs used are corresponding to constraints used 
in the model which included the following: Land, 
labour, seeds, fertilizers quantities and poultry feed 
requirements.  
 
B. Parameters: 
 
 The parameter is a key word that indicates the 
beginning of the data for a vector or a scalar, e.g. the 
gross margin of crops and poultry (J) or the 
availability of resources (i) which are corresponding 
to the right-hand side value or levels of constraints. 
The parameters are denoted with CjXi (in equation 1) 
and bi in equation (2).  
T he parameters used in the study model are: 
 Gross margin of crop and poultry activities 

(CjXi in equation 1). 
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 Amount of constraints available e.g. land, labour 
and poultry feed (bi in equation 2). 

 
C. Tables: 
 
 The table introduced is related to the technical 
coefficients used which include land, seed, and 
fertilizer and feed requirements.  
 
D. Variables: 
 
 The variable used to be estimated in the model 
are the following: 
 Level of crop and poultry activities (j).  Total 

gross margins, which is represented by Z 
(objective function of the model) that generally 
maximizes gross margin. 

 Positive variable of activities (j), xcrop (j), 
,xfeed (j) Xhens (j), This means that all optimal 
levels of activities should be positive values. 

x letter denotes the name of activity. 
 
E. Equations: 
 
 The main written equations to be estimated in 
the model are: 
 
1. Objective function of crops and poultry 
production: 
 
 This equation is typically of the form: 
 

Max jCj Xj. 
  
The resultant GAMS statement is : 
 
OBJFN.. Z =E= SUM (J, C(J) * XACTIVITIES(J)); 
 
Where: 
Objectivef = Z = objective function (optimal solution 
of objective value). 
E = denotes the equal sign, Sum = total summation 
of gross margins, j = level of activities, C (j) = gross 
margin of crops and poultry (j) and XACTIVITIES = 
level of activities (j). 
 
2. Resources constraint equations: 
 
 In this study the equations deal with resources 
constraints used (land, labour, and poultry feed). The 
equation estimates the technical coefficients of inputs 
(available amounts of land, labour, seed, 
fertilizer…etc). This equation is illustrated as 
follows: 
 
CONSTRNT (I) .. SUM (J, IN(I,J)* 
XACTIVITIES(J)) =L= B(I); 
 
Where: 
B (i) = parameters of available amount of land, 
labour, seed, fertilizers and feed requirements. 
In (i, j) = represented the coefficient of the resources 
used by the crops or poultry.  

 
Table 1: Rank Matrix Correlation Analysis of Socioeconomic Factors and Egg Biotechnology. 

Variables  Sex Education  Home  
consumption 

Income  Health  Eggs biotechnology 

Sex 
Pearson correlation 
Sig. (2-tailed) 

 
1 
- 

     

Education 
Pearson correlation 
Sig. (2-tailed) 

 
0.136 
0.122 

 
1 
- 

    

Home consumption 
Pearson correlation 
Sig. (2-tailed) 

 
0.106 
0.264 

 
0.712** 
0.00 

 
1 
- 

   

Income   
Pearson correlation 
Sig. (2-tailed) 

 
0. 667* 
0.004 

 
0.865** 
0.00 

 
0.638** 
0.00 

 
1 
- 

  

Health 
Pearson correlation 
Sig. (2-tailed) 

 
0.155 
0.310 

 
0.057* 
0.012 

 
-0.021 
0.825 

 
0.566* 
0.211 

 
1 
- 

 

Egg biotechnology 
Pearson correlation 
Sig. (2-tailed) 

 
0.256* 
0.100 

 
0.822** 
0.000 

 
0.312* 
0.045 

 
0.291* 
0.024 

 
0.566* 
0.012 

 
0.331** 
0.00 

Source: author’s calculation 
** Correlation is significant at the 0.01 level (2- tailed). 
* Correlation is significant at the 0.05 level (2- tailed). 

 
Results:  
 
 Generally indigenous chickens are commonly 
kept for both eggs and meats productions.  
Indigenous chicken varieties are well adapted to local 
environments, but local birds tend to grow slowly 
and produce fewer and smaller eggs than commercial 

varieties. Sudanese native fowl with its various types 
is called Baladi. Desai  reported three types of Baladi 
poultry: Large Baladi, Bare Neck and Betwil. 
 The average hens kept by the farmers are 200 
laying hens. Majority of the producers (89%) were 
financed their poultry farms from banks. 



3349 
Adv. Environ. Biol., 5(10): 3345-3351, 2011 

 

 From table 1 the egg biotechnology was 
positively correlated with the headed-household 
education. It was directly affected the household 
income, consumption and health, while it negatively 
correlated with the gender factor.  
 The result reveals that the eggs produced are 
used for home consumption (50%). About 20% of 
eggs are traded to execute household’s expenses 
(food, school, etc...) and crops inputs (30%). Birds 
and eggs are sale in the local market in the village or 
urban areas.  The results reveal that the poultry 
biotechnology adopted was the egg (13%) and no 
broiler productions practiced in the area and this 
related to financial problems and food habits of the 
people in the market areas. 
 The rural farmers are not the only beneficiaries 
of poultry biotechnology, the local communities and 
consumers are benefit economically, and sustainable 
poultry food supply is achieved. Most of the 
consumers (76%) prefer to buy indigenous chicken 
products, since they are considered to be tasty and 
healthy specifically for children and commonly their 
price was lower than the cross hens. Numerous 
researches have shown that consumers find that 
animal welfare in poultry production is compromised 
more than in other livestock sectors [18,16]. About 
13% of the consumers are willing to pay a 
substantially higher price premium for poultry 
products if they are able to distinguish GM egg from 
GM free egg (labeling). Those consumers had 
received higher education and employed in the 
governmental offices.  
 
7.1 Impact of Poultry Biotechnology on the Poverty 
Reduction, Food Security and Farmer Welfare:  
 
 Food security as food is available at all times 
[9]. Ali et al. reported that food security can be 

broadly divided into three components, food 
availability, food accessibility and absorption of 
food[2]. The application of modern biotechnology is 
recognized as the potential answer to the growing 
problems of food security, poverty and 
environmental degradation, particularly in 
developing countries[21].  
 Majority of the egg producers (90%) reported 
that their income has increased dramatically when 
the poultry biotechnology is adopted. The egg GM 
contributed about 32.4% of the total farmer income 
(Table 2). 
 Most of egg producers (90%) reported that their 
returns gained from egg production are covering the 
family expenses e.g. school fees, health costs etc.... 
The Functional distribution of income from egg 
production is 89% for capital and 56% for male 
labour, 44% of female labour. Women tend to own 
and manage chickens, usually native chicken 
varieties, which provide them with their only 
independent source of cash income. 
The poultry biotechnology created the employment 
for landless farm workers, rural non- agricultural and 
urban labour. The results reported 89% of the labours 
are landless and 98% are urban labour (sales the eggs 
or meat in the city). 
 The farmers adopted poultry biotechnology get 
out of poverty circle and food insecurity. Poultry 
biotechnology reduces poverty directly by raising the 
welfare of poor farmers who adopt the technological 
innovation. The home consumption of egg is 
increased by 67%, further more the nutritious food is 
increased i.e. the kilocalories of the food items of the 
person is increased by 30 calories and the per-capita 
income are increased by 2.5 SDG. About 80% of the 
egg producers reported that the poor management of 
poultry has a negative impact on the average yields 
of egg and birds numbers.  

 
Table 2: Contribution of the Egg GM on the Farmer Income, 2008/2009. 

Source of income           Income in SDG          Shared in % 
1. Crop  production 285 31.8 
2. Livestock production 70 7.8 
3. Egg GM free (domestic hens)  120.2 13.4 
5. Egg GM 290.2 32.4 
6. Sales of natives hen 40.23 4.5 
7. Others sources  90.5 10.1 
Total  896.13 100 

Source: Authors calculations, 2008/2009. 
 
Table 3: Comparison Analysis Gross Margin of Farmers in SDG, 2008/2009. 

 Item  Farmers adopted poultry biotechnology  Farmers non-adopted poultry biotechnology 
 C S GN V C S GN V 
Total variable cost 
(TVC) 

138.68 140.41 132.26 302.93 145.68 130.41 144.26 322.93 

Gross Returns (GR) 800.00 153.51 243.00 1432.00 700.00 67.512 243.00 1232.00 
Gross margin (GR-
TVC)  661.32 13.098 110.74 1129.07 554.32 15.098 98.74 909.07 

Source:  Field survey and authors calculations, 2008/2009. Note: C= cotton, S= sorghum, GN= groundnut and V= vegetables. 

 
7.2 Impact of Poultry Biotechnology on the Crop 
Production: 
 

 Majority of the farmers (76%) adopted the 
poultry biotechnology they utilized the hens organic 
manure as the fertilizers, particularly in the private 
farms. The small farmers (owned less than one 
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feddans) are hampered by the expensive cost of 
inputs, hence poultry biotechnology decreased the 
crops production costs by 4%, contributing to an 
increase in net profits of farmers by 8% (Table 3).  
 From Table 3 it noted that the farmers adopted 
poultry biotechnology their variable cost is less than 
those farmers not adopted biotechnology and hence 
their gross margins are higher. Those farmers are 
exposure to low risks and can improved natural 
resource management. 
 
7.3 Cropping Pattern and Optimal Returns: 
 
 Sorghum, cotton and groundnut crops did not 
appeared in the optimal farm plan (Table 4). The 

optimal crop plan is vegetables crop (it’s area 
dropped from 3.6 feddans in the actual solution to 2 
feddans in the optimal solution) this results agreed 
with [8], who confirmed that the vegetables crops 
were more profitable than other crops in the irrigated 
farms. Additionally the area of expected poultry 
production was increased from one feddan to 2 
faddans.  
 The optimal returns of the crops production and 
poultry are SDG 4975.59 which was greater than the 
actual returns by 21%. No changes regarding the 
total laying hens in optimal plan solution, the number 
of hens still unchanged (200 laying hens) while the 
all resources use were dropped in the optimal plan 
(Table 4). 

 
Table 4:  Integration of Poultry Biotechnology in the Farm. 

Item  Actual Optimal  Units 
A. Cropping pattern with poultry biotechnology:    
1. Cotton 4 - feddan 
2. Sorghum 3.8 - Feddan 
3. Groundnut 3.6 - Feddan 
4. vegetables 3.6 2 Feddan 
5. laying hens 100 2 Feddan 
B. Resource use    
1. Land  20 10.015 Feddan 
2. Family  labour  214 52.978 Mandays 
3. Hired labour 241 52.751 Mandays 
4. Fertilizer 614 140 Kg 
5. Seeds 107 22.263 Kg 
6. Sorghum grain  200 120 Kg 
7.Groundnut cake 300 60 Kg 
8. Sesame cake  100 20 Kg 
9. Wheat bran 234 30 Kg 
9. laying hens 200 200 Hen 
Returns: Objective function value 3245.228 4975.59 SDG 

Source: Models results, 2008/2009.  *Note: - = No value and SDG = Sudanese pound. 

 
Conclusions: 
 
 Farmers who adopted or practiced poultry 

biotechnology, particularly egg production earn 
higher incomes, when farmers benefit, their 
communities benefit as well. Poultry 
Biotechnology adoption is seen as a major 
element in the promotion of the Sudanese 
agricultural development 

 The poultry biotechnology will increase 
smallholder agricultural productivity. It is 
increase food supplies, increase smallholders’ 
incomes, reduce malnutrition, and improve the 
livelihoods of the poor. Poultry biotechnology, 
in particular egg biotechnology is achieving food 
security and influential instrument in the fight 
against poverty. Further more the eggs and hens 
can easily be converted into cash and thus acts 
as cushion against expected fees. 

 Egg biotechnology insured employment for 
labour and hence reduced the incidence of rural 
and urban poverty.  

 
Recommendations and Policy Implication: 
 

 For guaranteeing that poultry biotechnology will 
contribute to reducing poverty and improving food 
security in Sudan the following recommended issues 
will be consider: 
 Concentrate on the problems of small farmers in 

the irrigated areas where most of the poor live. 
This will be achieved by focus on financial and 
economical problems of those farmers.  

 Strengthen the extension services in such areas 
to aware the farmers about economical and 
social benefits of poultry biotechnology. 

 The government (banking systems) must issue 
clear policies for privates’ investments, partiality 
the small farmers by facilitating and providing 
adequate budget and credit. 
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