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Microalgae are unicellular photosynthetic organisms that inhabit diverse ecological habitats ranging 
from freshwater and brackish water to seawater and wastewater. They are also especially equipped to 
thrive in extreme temperatures and pH conditions. Decades of research have highlighted their potential 
as sources of biofuels, foods, feeds and high-value bio-actives. However, industrial-scale cultivation of 
microalgae is still not being carried out to its full potential. This review aims to shed light on the 
potential of microalgal-derived food, feed and fuel in developing countries and to what extent 
microalgae could be applied to sustainable development efforts with a special focus on Kenya. The 
Kenyan government has set out a development policy termed ‘Kenya Vision 2030’ that aims to 
transform the nation into a newly industrialised country with a high quality of life for all its people by 
the year 2030. Here we show that, not only does Kenya lie in an optimal geographical region for 
microalgal cultivation, but that microalgae has the capability to fulfil some of the ‘Kenya Vision 2030’ 
goals. 
 
Key words: Algae, biofuels, fertilizer, nutraceuticals, feed. 

 
 
INTRODUCTION  
 
Microalgae are sunlight-driven cell factories that convert 
carbon dioxide (CO2) into potential biofuels, foods, feeds 
and high-value bio-actives (Chisti, 2007). These 
peculiarities make microalgae the most abundant 
organisms on Earth. In the early 1950s, the increase in 
the world‘s population and the possibility of an insufficient 
protein supply imminent, research for an alternative and 
unconventional protein source was carried out. Microalgal 
biomass quickly appeared  to  be  a  promising  candidate 

(Spolaore et al., 2006). Meanwhile, extensive research 
into algae for biologically active substances, particularly 
antibiotics, began (Borowitzka, 1995). Further research 
focused on environmental technologies aimed at 
improving the quality of wastewater, and with the onset of 
the energy crisis of the 1970s, microalgae were then 
suggested as a source of biomass for methane 
(Chaumont, 1993). 

The microalgal  biotechnology  field  has  developed  to  
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Figure 1. Global map of average temperatures (July 2000) (courtesy of Oak Ridge National Laboratory, U.S. Dept. of 
Energy). 

 
 
 
include an array of applications; potential biomass for 
biofuels, pharmaceuticals, nutraceuticals, nano-
technology, bioremediation industries and in aquaculture 
as feed in for example bivalve, echinoderm, crustacean 
and fish hatcheries. 

But to what extent is microalgal biotechnology 
applicable to developing countries? This review attempts 
to identify issues faced by developing countries and how 
microalgae could be utilised in sustainable development 
approaches to address these issues. Kenya is still 
considered a developing country according to the UN 
Human Development Report (UNDP, 2015), and was 
chosen as the focus of this review. 
 
 
THE CULTIVATION OF MICROALGAE 
 
There are five main parameters required for the 
successful cultivation of microalgal biomass, light, CO2, 
water and inorganic salts, and an ideal temperature of 
between 20 and 30°C.  
 
 
Light 
 
Photosynthesis converts light energy, usually sunlight, 
into chemical energy. When light is the only limiting 
factor, microalgal productivity becomes proportional to 
the light conversion efficiency (Richmond et al., 2003; 
Kumar et al., 2010). At night, or other dark conditions, 
photosynthesis cannot occur and the microalgae utilise 
stored energy for respiration. Depending on the 
temperature  and  other  conditions,  up  to  25%   of   the 

biomass produced during the day may be lost again at 
night (Chisti, 2007).  

The spectral range of light that can be utilised by 
photosynthetic organisms is between 400 and 700 nm 
known as photosynthetically active radiation (PAR), 
making up approximately 45% of the total light spectrum 
from the Sun (Thimijan and Heins, 1983). Coupled with a 
maximum efficiency of photosynthesis by microalgae at 
approximately 27%, the maximum theoretical conversion 
of light energy to chemical energy by photosynthesis is 
approximately 11% (Gao et al., 2007).  

The climatic zones with optimum growth conditions, 
based on the average global temperatures and average 
global solar radiation in Figures 1 and 2, are located 
between 40° north and 40° south latitude. Kenya lies 
perfectly on the equator and has an average horizontal 
irradiance of 2000 kWh/m

2
 (Figure 3). 

 
 
Temperature 
 
Temperature is one of the major factors that regulate 
cellular, morphological and physiological responses of 
microalgae: Higher temperatures generally accelerate the 
metabolic rates of microalgae, whereas low temperatures 
lead to inhibition of microalgal growth (Kumar et al., 
2010). Towards the North and South poles there is a 
lower light intensity and temperature, which results in 
lower biomass productivity. Therefore, the equator is 
considered an ideal location due to the temperature 
stability (Figure 1). Nonetheless, this does not necessarily 
mean the highest biomass yields as there are other 
climatic  occurrences  that   can   affect   growth   (Moody  
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Figure 2. Global map of average solar radiation (1990-2004) (reprinted with permission from SoDa Services, Copyright Mines 
ParisTech / Armines, 2006). 

 
 
 
et al., 2014).  

Ideal sites are those that do not close due to cold 
conditions and are able to operate throughout the year as 
well as producing a high annual lipid yield. High variability 
results in increased infrastructure which would create 
further operation costs. A study of the global biofuel 
potential from microalgae by Moody et al. (2014) showed 
the western Kenyan city of Kisumu to maintain an 
average annual temperature close to the optimum and 
would therefore be able to maintain high biomass yields; 
making it an ideal location for microalgae cultivation 
(Moody et al., 2014).  

 
 

Carbon dioxide (CO2) 
 
As with all photosynthetic organisms, microalgae 
predominantly use CO2 as a carbon source. No growth 
can occur in the absence of CO2 and an insufficient 
supply of CO2 is often the limiting factor in productivity. 
Natural dissolution of atmospheric CO2 into the water is 
not enough; atmospheric CO2 levels are at approximately 
0.0387%, which are not sufficient to support the high 
microalgal growth rates and productivities needed for 
large-scale biofuel production. Usual sources of CO2 for 
microalgae are atmospheric CO2, CO2 from industrial 

exhaust gases (for example flue gas and flaring gas, 
which typically contain about 4 to 15% of CO2) and CO2 
chemically fixed in the form of soluble carbonates (for 
example NaHCO3 and Na2CO3) (Kumar et al., 2010). 
Uptake of these inorganic forms of carbon also has the 
potential to increase the pH within the cultures (Hansen, 
2002). Oxygen (O2) is a product of photosynthesis and 
levels above atmospheric O2 levels (0.2247 mol O2 m

-3
) 

can inhibit photosynthesis in a number of microalgal 
species, even when the CO2 levels remain elevated 
(Aiba, 1982). Furthermore, elevated levels of O2 coupled 
with high irradiance can lead to photo-oxidation 
(Richmond, 1990; Camacho Rubio et al., 1999).  

In 2015, Kenya signed the United Nations Framework 
Convention on Climate Change (UNFCCC) Paris 
Agreement, a daughter treaty of the 1997 Kyoto Protocol, 
which aims to empower all countries to act to prevent 
average global temperatures from rising by more than 
2°C (UNFCCC, 2015). Increasing global temperatures 
can be largely attributed to elevated CO2 (Solomon et al., 
2009). Theoretically, microalgae are capable of utilising 
up to 9% of the incoming solar irradiance, producing 280 
tonnes of dry biomass ha

-1
 year

-1
 whilst sequestering 

roughly 513 tonnes of CO2 (Bilanovic et al., 2009). 
Implementing microalgal cultivation strategies in Kenya 
will allow the country  to  be  an  active  participant  in  the  
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Figure 3. Global horizontal irradiation in Kenya (1994-2010) (SolarGIS© 2016 GeoModel Solar). 
 
 
 

global efforts to reduce atmospheric CO2 levels. 
 
 

Water 
 

Drought is a prevalent natural catastrophe that affects the 
10 million mostly livestock-dependent people in the arid 
and semi-arid lands in the north and north-east of Kenya 
(Zwaagstra et al., 2010). Therefore, the use of freshwater 
is not sustainable. However,  microalgae  are  capable  of  

thriving in saline, brackish and wastewater environments.  
 
 
Seawater 
 
With a coastline stretching 1420 km, Kenya has every 
possibility to utilise this source of water for algae culture. 
Kibuyuni, in the south coast of Kenya, has found success 
in   the  cultivation    of   macroalgae   (seaweed).   Kenya  
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Coastal Development Project (KCDP) facilitated the 
construction of seaweed farms and supplied tools, 
training and seeds. The project has created new 
employment opportunities, particularly for women, and 
the income generated has allowed farmers to send their 
children to school and create better housing for them. 
The community has managed to produce 10 tonnes of 
dried seaweed since February 2015 worth 450,000 KSH 
(£3,064) by exporting to China, Ireland and Malaysia 
(KCDP, 2015). The implementation of microalgae 
cultivation farms in the coastal region of Kenya could also 
be realised. Moreover, utilising seawater would provide 
trace elements beneficial to microalgal growth. Most 
bioactive trace metals, including iron, exist at nanomolar 
(10-9 M) to picomolar (10-12 M) concentrations in our 
oceans; approximately one-millionth of the intracellular 
concentration in diatoms (Bruland et al., 1991; Morel and 
Price, 2003). 
 
 

Wastewater 
 
Nairobi is one of largest cities in Africa and with a 
growing urban population; the wastewater generated 
could be exploited for culturing microalgae. Microalgae 
grow abundantly in wastewater as it is rich in organic 
carbon as well as inorganic nitrogen and phosphorus. 
This can be attributed to the ability of algae to efficiently 
sequester nitrogen and phosphorus. Oxygen produced by 
the photosynthetic microalgae would allow treatment of 
wastewater via oxidation as well as aeration of treatment 
ponds, without the need of mechanical aeration and thus 
reducing operational costs. This type of integrated 
system allows for an economically viable method to both 
treat wastewater as well as culturing microalgae for 
biofuel (Mahapatra et al., 2013). 

Olguín et al. (2003) describe a system where 84 to 
96% of nitrogen and 72 to 87% of phosphorus was 
removed from the anaerobic effluent of piggery 
wastewater by growing algae, thereby reducing eutro-
phication in the environment. 

Nevertheless, only 30% of published work on micro-
algae used wastewater as a source of nutrients, 
regardless of its promising benefits. The vast majority of 
laboratory based experiments use chemical fertilisers as 
it is much more readily available (Lam and Lee, 2012). 
However, this becomes an issue when up-scaling as the 
production of chemical fertilisers is energy intensive and 
not sustainable; 1.2 kg of carbon dioxide is released for 
every 1 kg ammonia produced (Kim and Dale, 2005). 
 
 

Inorganic salts 
 

Apart from the essential need of a carbon source, 
microalgae require a nitrogen source. Nitrogen is an 
important constituent of both nucleic acids and proteins; 
crucial for the primary metabolism of microalgae (Becker, 
1994). Phosphorus is another important nutrient  required 

 
 
 
 
by microalgae for growth. It is indeed the ‗staff of life‘; the 
scaffolding on which all biomass is built (Karl, 2000). 

Sources of nitrogen and phosphorus include 
agricultural fertilisers, which are easily available but can 
be a significant cost factor at a large-scale cultivation 
level. More cost-effective sources of nitrogen and 
phosphorus have been explored such the use of 
wastewater mentioned previously. 
 
 

Scaling up techniques 
 
The production of microalgal biomass requires relatively 
simple photosynthetic growth conditions: light, carbon 
dioxide, water and inorganic salts (Moejes, 2016b). The 
system must also include a means of agitation or mixing 
of the culture to prevent the settling of the microalgal 
cells, the elimination of thermal stratification (temperature 
layering effect that occurs in water), distribution of carbon 
dioxide and inorganic salts, removal of the photo-
synthetically produced oxygen and the enhancement of 
light utilisation efficiency (Terry and Raymond, 1985). 
There are two main land-based cultivation methods 
implemented for the large-scale cultivation of microalgae; 
raceway ponds and photobioreactors. A comparison 
summary can be found in Table 1. 
 
 

Raceway ponds 
 

Raceway ponds are simple open-air microalgal biomass 
cultivation systems which have been used for the large-
scale cultivation of microalgae since the 1950s. They are 
typically made of a closed loop recirculation channel that 
is typically 0.3 m deep. The mixing (and circulation) is 
achieved by the implementation of a paddlewheel 
(Figures 4 and 5) which must operate continuously to 
prevent sedimentation. Broth is harvested behind the 
paddlewheel. The building materials utilized for raceway 
ponds are concrete, compact earth, and may be lined 
with white plastic (Chisti, 2007).  

As carbon dioxide is the carbon source for algae, its 
sequestration from the air into the culture limits the 
growth rate. Other major bottlenecks of raceway ponds 
are the lack of temperature control (any cooling is only 
achieved by evaporation, and any heating will add to the 
production cost) and the susceptibility to contamination 
by other organisms including other algal strains that 
might out-compete the desired species (Borowitzka, 
1999; Moejes et al., 2016a). 
 
 

Photobioreactors  
 

Photobioreactors are closed microalgal biomass 
cultivation devices that allow for the production of a 
monoseptic culture which is fully isolated from a 
potentially contaminating environment (Grima and 
Fernández,  1999).  Although   there  are   a   number   of 
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Table 1. Comparison of raceway ponds and photobioreactors (derived from Pulz, 2001). 
 

Culture system Raceway ponds Photobioreactors 

Required space High For photobioreactor itself, low 

Water loss 
Very high, may also cause salt 
precipitation 

Low 

   

CO2 loss High, depending on pond depth Low 

Oxygen concentration 
Usually low enough because of 
continuous spontaneous outgassing 

Build-up in closed system requires gas exchange devices  

(O2 must be removed to prevent inhibition of photosynthesis 
and photo oxidative damage) 

   

Temperature 
Highly variable, some control possible 
by pond depth 

Cooling often required (by spraying water on photobioreactor 
or immersing tubes in cooling baths) 

   

Shear Usually low (gentle mixing) 
Usually high ( fast and turbulent flows required for good 
mixing, pumping through gas exchange devices) 

   

Cleaning No issue 
Required (wall-growth and dirt reduce light intensity), but 
causes abrasion, limiting photobioreactor life-time 

   

Contamination risk 
High (limiting the number of species 
that can be grown) 

Medium to low 

   

Biomass quality Variable Reproducible 
   

Biomass concentration Low, between 0.1 and 0.5g/l High, generally between 0.5 and 8g/l 
   

Production flexibility 
Only a few species possible, difficult 
to switch 

High, switching possible 

   

Process control and 
reproducibility 

Limited (flow speed, mixing, 
temperature only by pond depth) 

Possible within certain tolerances 

   

Weather dependence 
High (light intensity, temperature, 
rainfall) 

Medium (light intensity, cooling required) 

   

Start-up 6 – 8 weeks 2 – 4 weeks 

Capital costs High ~ US$100000 per hectare 
Very high ~US$250000 to US$1000000 per hectare 
(photobioreactor plus supporting systems) 

   

Operating costs Low (paddlewheel, CO2 addition) 
Higher (CO2 addition, oxygen removal, cooling, cleaning, 
maintenance) 

   

Harvesting costs High, species dependent 
Lower due to high biomass concentration and better control 
over species and conditions 

 
 
 

photobioreactor configurations available, they all have the 
same basic principles and parameters. The main 
parameter that affects photobioreactor design is provision 
for light penetration; that is, high surface-to-volume ratio, 
crucial if one wants to improve the photosynthetic 
efficiency. In order to achieve a high surface-to-volume 
ratio, several designs have been developed which can be 
grouped into three basic types; tubular, flat-plate and 
fermenter-type (Carvalho et al., 2006). Tubular and flat-
plate photobioreactors are specifically designed for 
efficient sunlight harvesting as shown in Figures 6 and 7. 

 
 
MICROALGAE AS FEED 
 
Microalgae contain an abundance of properties that  have 

benefits in both animal feed and aquaculture. The 
growing production has seen a rise from 9.7 million 
tonnes in 2001 to 21 million tonnes of world aquaculture 
production of aquatic algae in 2011, with the African 
continent almost doubling its production from 0.08 million 
tonnes to 0.14 million tonnes in that time (FAO Fisheries 
and Aquaculture Department, 2013). These unicellular, 
but diverse organisms have a wide range of applications 
within the animal feed and aquaculture markets. 
 
 

Animal feed 
 

Microalgae has shown great benefits in animal feed by 
providing vitamins, minerals and essential fatty acids to 
boost immune response; even very small amounts have 
proven to positively  affect  the  animals  physiology.  This  
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Figure 4. A schematic aerial view of a raceway pond (modified from 
Chisti, 2007). 

 
 
 

 
 

Figure 5. Photograph of a 250 m2 open raceway ponds (taken November 2013; 
Application Centre for Renewable Resources (ACRRES; Wageningen University 
initiative) in Lelystad). 

 
 
 
effect also creates a shiny coat and feathers on pets 
(Pulz and Gross, 2004). Feed for poultry are rationed to 5 
to 10% and give the yellow colour seen in broiler skin and 
egg yolks (Spolaore et al., 2006). 

The yellow colour that microalgae can give comes from 
the carotenoids that they contain, of which the two most 
common are β-carotene and astaxanthin. Although most 
microalgae only contain about 1  to  2%  concentration  of  



Moejes and Moejes          295 
 
 
 

 
 

Figure 6. Photograph of a Horizontal Tubular Reactor (HTR) (taken in November 2013; AlgaePARC, Wageningen 
University). HTRs are composed of horizontal transparent glass or plastic (polyethylene) tubing. Gas transfer takes 
place in the tube connection or via a dedicated gas-exchange unit, and the angle toward sunlight is particularly 
adequate for efficient light harvesting (Carvalho et al., 2006). 

 
 
 
carotenoids; species of Dunaliella can contain up to 14% 
β-carotene, if grown under the correct conditions. For this 
reason, Dunaliella species are successfully being grown 
on an industrial scale and sold for both animal and 
human use (Milledge, 2011). 

 
 

Aquaculture 
 
Aquaculture in Africa is on the rise, with Egypt leading the 
race with 987 tonnes produced in 2011 (FAO Fisheries 
and Aquaculture Department, 2014). The global 
aquaculture industry rakes in billions of dollars; 2012 saw 
a global aquaculture production of 90.4 million tonnes 
worth $144.4 billion (FAO, 2014).  

Microalgae are a vital component in aquaculture as 
they are the primary producers of the food chain, 
predominantly acting as a food source for larvae of 
molluscs, crustaceans and fish (Pulz and Gross, 2004). 
Just as in animal feed, microalgae are also exploited for 
its colouring ability such as the carotenoid astaxanthin 
which can pigment prawns, salmon and ornamental fish 
with a reddish colour. The market for this colourant alone 
was estimated at $200 million in 2004 costing around 
$2,500/kg (Spolaore et al., 2006). Unlike β-carotene, the 
synthetic form of astaxanthin overshadows the natural 
form in the market due to its high production costs 
(Milledge, 2011). 

MICROALGAE AS FOOD 
 
For centuries people have been using microalgae as a 
food source; from China where the cyanobacteria Nostoc 
was used to combat famine, to another cyanobacteria 
Athrospira (colloquially known as Spirulina) in Chad (Kay 
and Barton, 1991). Despite this, it is only very, recently 
(the 1950‘s) that we began large-scale cultivation and 
commercial application (Spolaore et al., 2006). More than 
just nourishment, microalgae is now beginning to make 
gains in the health food sector with products like Spirulina 
being named as one of the greatest superfoods on Earth 
by the World Health Organisation (Chacón‐Lee and 

González‐Mariño, 2010). The baby food market also has 
potential for the inclusion of microalgae and finally it is 
used in therapeutic applications in HIV positive patients. 
 
 
Health supplements 
 
Spirulina contains 60 to 70% protein per weight and are a 
rich source for vitamins (particularly vitamin B12 and β-
carotene which is a vitamin A precursor), minerals 
(principally iron) and a source of dietary γ-linolenic acid 
(GLA) (Belay et al., 1993). Of the microalgal biomass 
produced annually, 75% is used for powders, tablets, 
capsules and pastilles; most of which are Chlorella and 
Spirulina.   However,    functional    foods    that    contain  
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Figure 7. Schematic diagram of a flat-plate photobioreactor. Flat-Plate Reactors (FPRs) are 
designed to make efficient use of sunlight by constructing narrow panels so as to attain high area-
to volume ratios (A). Panels can be constructed from polyethylene bags supported by a metal 
framework, or from acrylic plastic walls. CO2 is supplied via bubbling, which also provides mixing 
and the efficient removal of 02. They can either be placed outside and utilize natural sunlight or be 
placed indoors and utilize an artificial light source. (B) Picture taken in November 2013, Laboratório 
Nacional de Energia e Geologia (LNEG), Lisbon, Portugal; schematic diagram based on designs 
seen at A4F AlgaeFarm). 

 
 
 
microalgae biomass are more convenient and attractive; 
such as in pasta, biscuits, bread and soft drinks. Spirulina 
supplemented nutraceuticals as well as in pure form, 
have shown to support healthy intestinal bacteria such as 
Lactobacilli. A minimum of a 10-fold increase in growth 
rate of the bacteria was revealed, showing the beneficial 
probiotic effects of the microalgae (Pulz and Gross, 
2004).  

Chlorella is another key species that is produced by 
over 70 companies as it is a significant source for β-1,3-
glucan; an active immunostimulator, free-radical 
scavenger and can reduce blood lipids (Spolaore et al., 
2006).  

The pennate marine diatom Phaeodactylum tricornutum 
has the ability to produce the poly-unsaturated fatty acids 
(PUFA) eicosapentaenoic acid (EPA; 20:5n-3) and 
docosahexaenoic acid (DHA; 22:6n-3) in high proportions 
of the total fatty acid content (Fajardo et al., 2007; Siron 
et al., 1989; Rebolloso-Fuentes et al., 2001). Marine-
derived EPA and DHA, colloquially known as omega-3 
PUFAs, are important in human nutrition with health 
benefits such as reduced cardiovascular morbidity and 
mortality, reduced risk of premature births and improved 
cognitive and behavioural development of the foetus, as 
well as benefiting patients with atherosclerosis, 
hypertension,   and   neurological   and   neuropsychiatric  

 

A 

B 

B 



 
 
 
 
diseases (Yashodhara et al., 2009).  
 
 
Infant and young child feeding 
 
In poor areas within developing countries, baby formulas 
are often of a low nutritional value that does not provide 
sufficient protein, lipid or micronutrients to the infants. 
Babies need adequate calories for normal and healthy 
development. Algae species such as Spirulina have 
proven to be an appropriate addition to baby food; it has 
the ability to help tissue growth, vision and boost the 
immune system (Sharoba, 2014). 

More specifically, is the addition of docosahexanoic 
acid (DHA), a long-chain omega-3 fatty acid that is a 
major component in brain and visual development, 
allowing for improved cognitive skills and vision (Beelen 
et al., 2007). Higher plants and animals cannot synthesise 
polyunsaturated fatty acids (PUFAs) and must therefore 
obtain it from their food; fish and fish oils, which in turn 
uptake PUFAs from microalgae. Going straight to the 
source, microalgae bypasses the risk of accumulating 
toxins and smelly products. DHA occurs naturally in 
breast milk, but not in cow‘s milk and since 1990, DHA 
has been recommended as an addition into infant formula 
(Spolaore et al., 2006). 
 

 
HIV and microalgae 
 
Kenya has around 1.6 million people living with HIV, of 
which women account for about 57%. Although the 
country has universal testing for pregnant women, where 
90% of women who attended antenatal care received 
their results, only half of pregnant women who were 
infected received antiretroviral (ARV) treatment during 
breastfeeding to reduce transmission risks (National 
AIDS Control Council (Kenya), 2014). Breastfeeding is 
crucial for an infant‘s development and the need for 
ARVs in HIV infected mothers during this period is 
imperative to reduce mother to child transmission 
(Thomas et al., 2011). However, it is evident that 
resources and availability of ARVs could hinder this and 
place infants at risk. The addition of DHA from algae in 
infant formula could help to overcome such a barrier. 

The long term use of highly active antiretroviral therapy 
(HAART) can lead to insulin resistance, dyslipidemia as 
well as weight and fat changes (Azabji-Kenfack et al., 
2011a). Although dietary supplements have proven 
successful in the treatment of insulin resistance, the 
WHO states that the cheap and easily available Spirulina 
could be highly beneficial as it has shown to better 
glycaemic control, lower cholesterol and reduce blood 
pressure in diabetics. It was unequivocally shown in a 
study by Azabji-Kenfack et al. (2011b) that Spirulina 
drastically increased insulin sensitivity by 224.7% 
compared  to  60%  in  the  group  using  soybeans.  This  
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effect is likely due to the immune modulating effect of 
Spirulina, however, further study is still needed (Azabji-
Kenfack et al., 2011b). 

Other studies on HIV and/or severe immune deficient 
patients showed an increase in body weight when 
supplemented with Spirulina as well as increased 
haemoglobin levels, which in turn reduced anaemia 
(Azabji-Kenfack et al., 2011a).  

These HIV studies therefore also shed light on the use 
of microalgae to tackle malnutrition, particularly in 
children whose development can be stunted by it. In 
Kenya, 35% of children under the age of 5 have stunted 
growth, with 42% of these children living in Kenya‘s 
Eastern Province where they survive off a low energy 
maize based diet (Tomedi, 2012). These children would 
greatly benefit from the addition of a microalgae 
supplement in order to better their physical and 
neurological development as well as survival. 
 
 
MICROALGAE AS BIOFERTILISERS 
 
Phosphorus (P) lies at the heart of modern agriculture as 
it is a major source of nutrients for plants. However, P is 
a finite non-renewable resource and reserves for 
phosphate rock could be depleted in 50 to 100 years. In 
fact, Morocco has a near monopoly on the reserves in 
Western Sahara while China has reduced exports to 
secure their own supply. On the other hand, the US only 
has about 30 years in supplies left as Western Europe 
and India are already completely dependent on exports. 
The issue is that the P is not efficiently used as it usually 
ends up in wastewater or as runoff into our rivers and 
oceans, leading to toxic algal blooms (Cordell et al., 
2009).  

Globally, humans physically consume about 3 tonnes 
of P and since virtually 100% of consumed P is excreted, 
the same 3 tonnes finds its way out into our wastewater. 
Usually this would then be removed via waterways. 
Currently, only 10% of human excreta is intentionally or 
unintentionally recirculated, however urban sites can be 
considered P hotspots and be exploited to better recycle 
the finite resource (Cordell et al., 2009). 

Microalgae have the unique capacity for ‗luxury P 
uptake‘; essentially they can sequester high amounts of 
P. Wastewater has an excess of P that can be efficiently 
utilised in microalgal growth. This simple idea is used in 
small communities globally to treat local wastewater 
systems (Powell and Shilton, 2008), however, this can 
then be taken a step further by employing this microalgae 
as a biofertiliser. 

 
 

BIOFUELS 
 
Biofuels are generally divided into ―first-generation‖ and 
―second-generation‖    biofuels,    with    microalgal-based  
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Table 2. Comparison of some sources of biodiesel (from Chisti, 2007). 
 

Crop Oil palm (L/ha) Land area needed (M ha)
a 

Corn 172 1540 

Soybean 446 594 

canola 1190 223 

jatropha 1892 140 

coconut 2689 99 

Oil palm 5950 45 

microalgae
b 

136900 2 

Microalgae
c
 58700 4.5 

 
a 

For meeting 50% of all transport fuel needs of the United States; 
b 

70% oil (by wt) in 

biomass; 
c
 30% oil (by wt) in biomass. 

 
 
 

biofuels considered ―third-generation‖. Any biofuel 
production process which can successfully replace an 
equivalent conventional fuel needs to fulfil three basic 
requirements. First, a sufficient feedstock to produce fuel 
at a commercial scale should be produced, secondly it 
should cost less than conventional fossil fuel, and thirdly, 
it should match standard specification of fuel quality 
(Singh and Gu, 2010). 

First-generation biofuels are generally the product of 
the often edible and above-ground biomass (usually 
sugars, grains or seeds) produced by crop feedstock, and 
relatively simple processing of the biomass is required to 
produce a finished fuel (Naik et al., 2010). Second-
generation biofuels are produced from biomass in a more 
sustainable fashion, which is truly carbon neutral or even 
carbon negative in terms of its impact on CO2 
concentrations (Gomez et al., 2008). The biomass 
utilised is known as lignocellulosic (LC) biomass, and 
makes up the majority of the cheap and abundant non-
food materials available from plants, including residues of 
forest management or food crop production (such as corn 
stalks or rice husks) or whole plant biomass, such as 
grasses or trees grown specifically for biofuel purposes 
(Naik et al., 2010). 

Microalgae derived biofuels have three major 
advantages over first and second-generation biofuels; 
overcoming food-versus-fuel predicament, a higher 
potential biofuel yield per hectare and the ability to be 
harvested throughout most of the year, thus giving a 
regular supply of biomass (Table 2) (Chisti, 2007, 2008).   

However, as it stands, microalgal-derived biofuels are 
not a commercial reality simply because they are not 
economically feasible. The cost of production and thus 
the market price of algal biofuels simply cannot compete 
with the comparably low cost of fossil fuel prices (Norsker 
et al., 2011).  
 
 

The food-versus-fuel predicament 
 

In a country such as Kenya, food security remains a 
major  issue  and  therefore  using  crops  as  a source  of 

biomass for biofuel is not feasible. The ability for 
microalgae to use non-arable land is another 
characteristic that makes it so favourable as a biofuel 
source; Kenya has 45.8% non-arable land that would not 
compete with land needed for food crops (CIA, 2016). In 
2009, Bedford Biofuels, a Canadian company, began 
talks with local ranch owners in Kenya‘s Tana Delta 
District on establishing a large Jatropha plantation. 
However, they were met with resistance by local NGOs 
even though the project could have brought in 
international investment and secured jobs for the local 
community. A year after planting the first seedlings their 
operations were closed down and the company filed for 
bankruptcy in 2013. The collapse of the project was down 
to a combination of an ‗anti-BB‘ campaign by NGOs, local 
residents who were afraid of eviction or losing access to 
grazing land and the eruption of ethnic violence 
(Krijtenburg and Evers, 2014). Fortunately, microalgae 
cultivation would not face the same issues as it will not 
take up grazing or arable land therefore reducing the 
resistance from both local NGOs and residents. 
 
 

Theoretical maximum annual average lipid yields 
 

A study carried out by Moody et al. (2014) used large-
scale, validated, outdoor photobioreactor microalgae 
growth model based on 21 reactor- and species-specific 
inputs to model the growth of Nannochloropsis. The 
model accurately accounts for biological effects such as 
nutrient uptake, respiration, and temperature and uses 
hourly historical meteorological data to determine the 
current global productivity potential. Table 3 contains the 
results of the model in terms of average microalgae lipid 
yields from various regions around the world and shows 
that Kisumu, a city in the west of Kenya, would be the 
optimal location for cultivation of the microalgae 
Nannochloropsis in an outdoor bioreactor. 
 
 

CONCLUSION 
 

Geographically speaking, Kenya is  an  ideal  location  for  
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Table 3. Average microalgae lipid yields in cubic metres per hectare-1 per metre-1 (corresponding 
biomass yields in grams per metre-1 per day-1) of various regions around the world with respective high 
and low monthly lipid yields (Moody et al., 2014).  
 

Location  Maximum monthly Average monthly
 

Lowest monthly
 

Kisumu, Kenya 2.47 (15.6) 2.28 (14.8) 2.07 (13.3) 

Learmonth, Australia 2.61 (18.0) 2.16 (14.0) 1.49 (9.64) 

Trivandrum, India 2.42 (15.6) 2.08 (13.4) 1.75 (11.3) 

Cali, Columbia 2.27 (14.6) 2.04 (13.2) .1.91 (12.3) 

Hawaii, United States 2.36 (15.3) 1.97 (12.8) 1.50 (9.95) 

Yuma, AZ, United States 2.68 (17.3) 1.80 (11.7) 0.68 (5.16) 

Poltavka, Russia 2.30 (14.1) 1.06 (6.84) 0.46 (2.23) 

Bagaskar, Finland 2.19 (14.1) 0.77 (5.00) 0.55 (3.86) 

Punta Arenas, Chila 1.77 (11.9) 0.77 (5.07) 0.51 (3.25) 

 
 
 
culturing algae as it lies on the equator and therefore 
receives optimum light and temperature for high yields. 
Moreover,  the Kenyan government has also set out a 
development policy termed ‗Kenya Vision 2030‘ that aims 
to transform the nation into a newly industrialised country 
with a high quality of life for all its people by the year 
2030 (http://www.vision2030.go.ke/). Microalgae have the 
capability to fulfil some of the Kenya Vision 2030 goals. 

Native Spirulina is already being successfully cultured 
in Kisumu, Kenya by a company called Dunga Spirulina 
that sell the microalgae as a health supplement and to 
NGOs to support those with HIV 
(http://www.dungaspirulina.com/). The Kenyan 
government aims to enhance locally derived natural 
health products and the natural products industry. Using 
Dunga Spirulina as a small success, it is evident that high 
value products such as β-carotene and astaxanthin could 
be sold, and even exported, as colourants, animal feed, 
health food supplements and aquaculture in Kenya. As a 
healthy food source, microalgae could also have an 
impact in combating hunger, HIV and reducing child 
mortality; 3 of the 8 Millennium Development Goals (UN, 
2015). Infant formula supplemented with DHA from 
microalgae allows for a more nutrient rich formula, 
necessary for healthy development. Furthermore, this 
principle would aid mothers with the HIV virus who are 
unable to access ARVs to avoid breastfeeding, thus 
reducing mother to child transmission. Using this natural 
product would also serve to treat malnourishment in 
Kenya, an aspect that could in turn help individuals to 
fight off infection of other diseases prevalent in the 
region.  

The Kenya Vision 2030 also aims to make fertilisers 
more affordable and accessible to further increase their 
agriculture as low rates in sub-saharan Africa mean 75% 
of the soils are nutrient deficient; the irony is that Africa is 
the biggest phosphate rock export, but has the greatest 
food shortages. Kenya Vision 2030 also aims to reduce 
solid waste and pollution is urban areas, and by utilising 
microalgae in wastewater management,  they  can  tackle 

these goals simultaneously; recycling the finite resource, 
phosphorus, by culturing microalgae in wastewater and 
then using the biomass in fertilisers. 

For the Kenyan people, particularly those in rural 
communities, sustainable developments such as culturing 
microalgae will offer a world of opportunity. Beyond 
health and economic benefits, microalgae farms would 
offer employment, particularly for low-skilled jobs. This 
would in turn improve their quality of life as they would be 
able to improve housing and education opportunities for 
their families. However, an important aspect would be to 
promote employment for women due to persistent 
gender-based inequalities in most developing countries 
(Rossi and Lambrou, 2009), another of the Millennium 
Development Goals. These sustainable microalgae 
developments could allow for rural communities to work 
together to attain, a food source, biofertiliser, health 
supplement and the opportunity to generate income from 
jobs and high-value products. All this could be possible 
thanks to tiny, microscopic algae.  
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Mangaba (Hancornia speciosa Gomes - Apocynaceae) is a native fruit of Brazil which is of great 
importance in its areas of occurrence. This species has been subjected to habitat fragmentation that is 
mainly due to human activity, and requires conservation. The aim of the present review was to evaluate 
the biotechnological advances in the species. This paper deals with recent studies on the genetic 
diversity and bioactive compounds. 
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INTRODUCTION 
 
The mangaba tree (Hancornia speciosa Gomes), a fruitful 
species in the group of dicotyledons that belongs to the 
Apocynaceae family, is a medium-sized plant that 
reaches 5 to 10 m in height. It is a native Brazilian 
species found spontaneously in various regions, from the 
Coastal tablelands and plains in the Northeastern region 
where it is abundant, to Cerrado areas in the Midwest; it 
is also present in the Northern and Southeastern regions 
(Vieira Neto et al., 2002). 

The Hancornia genus is considered monotypic with its 
one species H. speciosa Gomes. Six botanical varieties 
are accepted according to Monachino (1945): H. 
speciosa var. speciosa Gomes or H. speciosa Gomes, H. 
speciosa var. maximiliani A. DC., H. speciosa var. 

cuyabensis Malme, H. speciosa var. lundii A. DC., H. 
speciosa var. gardneri (A. DC.) Muell. Arg., and H. 
speciosa var. pubescens (Nees. et Martius) Muell. Arg. 
Nevertheless, further studies on the origin and 
occurrence of these varieties in Brazil and their 
participation in the formation of native populations should 
be conducted. 
  The mangaba tree is milky and deciduous with 3 to 5 m 
tall pendulous branches (Figure 1). The leaves are thick 
and leathery, glabrous and bright, reddish when young, 
and 4 to 10 cm long. 

The flowers are fragrant, arranged in terminal fascicles, 
and bloom from August to November (Figure 2B). The 
fruits (Figure 2C) are yellowish berries with red spots and 
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Figure 1.  Adult tree of Hancornia speciosa var. speciosa Gomes (Source: Saulo Coelho).  

 
 
 
stains and a meaty-viscous pulp with a sweet-acidic taste 
(Figure 2D). The seeds are of the recalcitrant type and 
have a light brown color (Figure 2E). Due to the 
recalcitrance of seeds, propagation has obstacles, and in 
addition, inhibiting substance contained in the fruit pulp 
may obstruct or hinder germination. The species adapts 
well in areas with an average temperature of 25°C, 750 to 
1600 mm annual rainfall, and at altitudes of up to 1,500 
m. The species shows good tolerance to drought periods 
and displays good vegetative development in high-
temperature seasons (Ferreira and Marinho, 2007). It 
usually blooms twice a year. In the Brazilian 
Northeastern, it mainly produces fruits between October 
and December and smaller crops between May and July. 
Almost all national production occurs in the coastal 
tablelands and lowlands in the Northeastern region 
(Venturini Filho, 2010); the State of Sergipe is the largest 
producer in Brazil. In this state, mango is one of the most 
sought-after fruits in the free markets, reaching a price 
higher than  that  of  grapes  and  other  fruits  considered 

noble.  
The name "mangaba" comes from the Tupi-Guarani 

language and means "good thing to eat." The mangaba 
tree produces aromatic, delicate, tasty, and nutritious 
fruits with 1.3 to 3.0% protein, 10.02% carbohydrates, 
3.4% fibers, and 2.3% lipids. These fruits are also rich in 
components such as vitamins A, B1, B2, and C in 
addition to iron, phosphorus, and calcium among others 
(Araújo et al., 2004) (Table 1). This fruit producing tree 
has economic, social, and cultural importance where it is 
present (Silva et al., 2011). Its main product is the fruit, 
which is widely used in the manufacture of ice cream, 
pulp, juices, desserts, jams, and liqueurs (Figure 3). It is 
also used in popular medicine and latex production. In 
2011, the commercialization of mangaba generated 
values around R$ 1,000,000.00 with a production 
equivalent to 680 tons. The State of Sergipe in 
northeastern Brazil is the largest producer in the country 
(351 tons, IBGE, 2013). 

Although  the  agribusiness   importance   of   mangaba 
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Figure 2. Flower (A), fruit (B), pulp (C), and seed (D) of Hancornia speciosa Gomes (Source: 
Adrielle N.R. Soares).  

 
 
 

Table 1. Chemical composition in 100 g of mangaba 
pulp (Souza, 2005). 
 

Primary metabolites Quantity 

Carbohydrates  10.50 g 

Proteins 0.700 g 

Lipids 0.300 g 

Calcium 41.00 mg 

Phosphorus 18.00 mg 

Iron 2.800 mg 

Vitamin A 30.00 mg 

Vitamin B1 40.00 mg 

Vitamin B2 40.00 mg 

Vitamin C 33.00 mg 

Niacin 0.500 mg 

 
 
 
trees is increasing, extractive activities are still their main 
use. The increased marketing of mangaba products 
throughout the national territory is conditional to the 
establishment of commercial crops. To date, no variety of 
mangaba trees has been recorded. Inadequate 
exploitation of mangaba fruits associated with the 
fragmentation of its species’ habitat promotes the 
existence  of   populations   with   fewer   individuals   and  

 
 
 
compromises the species’ future generations through 
natural regeneration mechanisms. 
 
 

CHEMICAL ASPECTS AND NUTRITIONAL 
PROPERTIES 
 
Despite the great potential for commercialization and 
importance of mangaba trees in their areas of 
occurrence, studies that address their chemical aspects 
are scarce and increasingly necessary. 
The phytochemical study of latex provided the isolation 

of twelve substances with seven 3-β-O-acyl lupeol esters 
among them: 3-β-hexadecanoate of lupeol, 3-β-O-9-
octadecenoate lupeol, 3-β-O-octadecenoate lupeol, 3-β-
O-3’-hydroxy hexadecanoic lupeol, 3-β-O-3’-hydroxy 
hexadecanoic lupeol, 3-β-O-3’-hydroxy eicosanoic lupeol, 
3-β-O-3’- hydroxy eicosanoic lupeol, a mixture containing 
the triterpenes α-amyrin, β-amyrin, lupeol, and one 3-β-
O-3’,5’-dihydroxy eicosanoic lupeol in addition to 
peracetylated sucrose (Sampaio, 2008). 

A total of 22 substances were identified in mangaba 
tree leaves and branches through phytochemical studies: 
a mixture of the α-amyrin, β-amyrin, and lupeol 
triterpenes, a mixture of 3-β-O-acyl lupeol esters, and a 
combination of C22-C33 n-alkanes (Carvalho et al., 2001). 
Endriger et  al.  (2009)  isolated  the  L-(+)-bornesitol  and  

https://scholar.google.com/scholar?hl=en&as_sdt=1,1&q=3-%CE%B2-Hexadecanoate+of+lupeol
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Figure 3. Uses of the mangaba fruit in food (Source: Heribert Schmitz).  

 
 
 
rutin chemical acids from the ethanolic extract of leaves. 

The effects of the fruits maturation stages on its volatile 
components were evaluated by Sampaio and Nogueira 
(2006). This study identified thirty-three compounds in 
unripe fruits: 1-octen-3-ol (2.8%), (Z) linalool oxide 
(9.1%), (E) linol oxide (6.3%), linalool (16.1%), 2-
phenylethanol (4.5%), α-terpineol (5.5%), geraniol 
(3.1%), hexadecanol (2.5%), and octadecanol (2.7%); 
thirty-four compounds in the intermediate phase fruits: 
ethyl of ethyl propanoate (4.1%), n-propyl acetate 
(11.1%), 3-methyl-3-buten-1-ol (6, 8%), ethyl 2-methyl-
propyl (2.5%), furfural (18.6%), (Z)-3-hexenol (3.2%), 1-
hexanol (2.4%), 3-methyl-3-buten-1-yl (5.4%), (Z)-3-
hexen-1-yl (2.9%), n-hexyl acetate (3.3%), (Z )-linalool 
oxide (3.9%), (E)- linalool oxide (2.4%), linalool (3.8%), 2-
phenylethanol (2.8%), and one terpineol (2.5%); and 
thirty-two compounds in riped fruits: as 3-hydroxy-2-
butanone (9.1%), 2,4,5-trimethyl-1,3-dioxolane (6.8%), 3-
methyl-3-buten-1-ol (12.1%), 3-methyl-1-butanol (5.2%), 
furfural (8.3%), ethyl 3-methyl-1-butanol (8.8%), and ethyl 
3-methyl-3-buten-1-yl (28.2%). 

Kubota (2007) analyzed the chemical composition of 
volatile compounds in fruits in the "pre-ripe" stage and 
identified thirty-four compounds in addition to oxygenated 
monoterpenes, aldehydes, alcohols, and carboxylic acid. 
The following compounds showed a high abundance: 
furfural (13.1 to 45.2%), linalool (10.6 to 21.9%), α-
terpineol (7.2 to 11.8%), cis-linalool oxide (furanoid) (5.8 
to 10.7%), β-(E)-damascenone (6.5 to 7.8%), trans-
linalool oxide (furanoid) (3.9 to 7.4%), hexanal (2.1 to 
8.6%), geraniol (1.9 to 6.4%), (2E, 4E)-decadienal (0.6 to 
4.1%), and nerol (0.5 to 2.8%). Thirty-two compounds 
were identified in ripe fruits through hydrodistillation. 
Esters were the most prevalent class of compounds 
represented by: ethyl 3-methyl-3-buten-1-ila (26.7 to 
44.7%), ethyl 3-methyl-2-buten-1-ila (2.6 to 4.5%), ethyl 
3-methyl-1-butanila (1.9 to 4.8%), and 1-ethyl butanila 
(1.9 to 3.6%). Furfural (20.2 to 41.5%) and hexanal (2.1 
to 5.1%) were the main compounds among aldehydes. 

Monoterpenes were also identified in ripe fruits, 
however, at lower relative percentages compared to 
those in  unripe  fruits:  linalool  (1.9 to 4.8%),  cis  linalool 
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oxide (1.2 to 2.8%), and α-terpineol (0.1 to 0.4%). 

The mangabeira fruit has high nutritional value. It is rich 
in vitamins (A, B1, B2, and C), iron, phosphorus, calcium, 
and proteins (0.7 g.100 g

-1
 of pulp). The high iron content 

in the fruit pulp makes it one of the richest in this nutrient; 
it is also a source of ascorbic acid (Soares et al., 2006). 
The association between iron and vitamin C is an 
important feature in fruit composition because this vitamin 
increases iron absorption. The fruit also has other 
nutritional components such as small lipid content (0.3 to 
1.5% S), and palmitic (29%), oleic (12%), linoleic (18%), 
and linolenic acid (8%). Despite the small amount of 
lipids, the elevated content of polyunsaturated fatty acids, 
considered essential to the human body, enhances the 
nutritional potential of the fruit (Pereira et al., 2008). 
Nascimento et al. (2014), in a study involving the 
physicochemical analysis of mangaba trees, verified that 
the average amount of citric acid present in fruits from 
different matrices was 0.98%. This result indicates that 
mangabeira fruits can be classified as having a moderate 
flavor and, thus, are well accepted for consumption as 
fresh fruits (Sacramento et al., 2007). 
 
 
ANTIOXIDANTS AND PHARMACOLOGICAL 
ACTIVITIES 
 
Antioxidant compounds are naturally present in fruits: 
ascorbic acid and phenolic compounds stand out among 
main natural antioxidants (Lima, 2011). The quantification 
of vitamin C in mangaba trees is relevant because this 
vitamin has been reported at high concentrations. Rufino 
et al. (2009) reported 431 mg.100 g

-1
 vitamin C in the 

pulp, which is higher than those reported in strawberry, 
guava, and pineapple (60, 71, and 40 mg.100 g

-1
, 

respectively) (Rocha et al., 2009; Oliveira et al., 2011; 
Sousa et al., 2011). The Germplasm Bank from the 
Embrapa Coastal Tablelands report values between 
226.63 and 244.43 mg.100 g

-1
 Fresh Mass (FM) of 

vitamin C in mangabeira fruits (Silva et al., 2015). 
Phenolic compounds such as flavonoids, phenolic 

acids, simple phenols, coumarins, tannins, lignins, and 
tocopherols are derived from plants’ secondary 
metabolism and are essential for their growth and 
reproduction. These compounds are responsible for 
color, astringency, aroma, and oxidative stability in plants 
(Angelo and George, 2007). Bastos et al. (2017) 
identified seventeen compounds described for the first 
time for the mangaba, of which the hydroxyl fatty acids 
found support for antibiotic claims and the two 
phenylpropanoids phloretin and phlorizin and the 
flavonols quercetin and kaempferol support the proposed 
antidiabetic properties. The results demonstrate the 
potential of H. speciosa as a source of valuable 
phenolics. 

Flavonoids are widely present in plants; almost all plant 
tissues can synthesize them. Almost  all  flavonoids  have  

 
 
 
 
various common biological and chemical characteristics: 
antioxidant activity, ability to sequester reactive oxygen 
species and electrophiles, ability to inhibit nitrosation, 
ability to chelate metals such as iron and copper, 
potential to produce hydrogen peroxide in the presence 
of metals, and ability to modulate the activity of certain 
cellular enzymes (Damodaran et al., 2010). The 
mangaba tree is a good source of these compounds, 
showing concentrations of about 172 mg of gallic 
acid.100 g

-1
 in the fruit (Rufino et al., 2009). Silva et al. 

(2015) reported values between 88.81 and 148.84 
mg.100 g

-1
 total polyphenols in a study with mangabeira 

entries in the Mangabeira Active Germplasm Bank 
(BagMangaba). 

The mangaba tree is also used in popular medicine. 
The cork has astringent properties, and the latex is used 
against tuberculosis, ulcers, herpes, dermatitis, and 
warts. Tea made with its leaves is used to alleviate 
menstrual cramps; the root decoct is used to treat 
dislocations and hypertension (Santos et al., 2012). 

Steroids, triterpenes, and tannins extracted from leaves 
are used to control blood pressure. In mice, it has been 
demonstrated that these substances are 10 times more 
efficient than captopril, a common drug used to control 
blood pressure (Silva et al., 2011). The antihypertensive 
effect provided by these substances found in the 
mangaba tree may be related to the activity of the 
angiotensin-converting enzyme (ACE). Angiotensin 
converting enzyme is stimulated by renin secreted by the 
kidneys in response to decreased blood perfusion. When 
it is released into the circulation, renin cleaves 
angiotensinogen, forming angiotensin I. ACE is an 
enzyme that acts on the conversion of angiotensin I to 
angiotensin II, which is a vasoconstrictor (Tamura et al., 
1995). The inhibitory, vasodilating, antihypertensive, and 
antioxidant activities of the ACE enzyme have been 
demonstrated in leaf extracts (Endriger et al., 2010). In 
addition to inhibiting the production of substances that 
cause hypertension, leaf tea has vasodilating activity 
through the production of nitric oxide (NO) (Ferreira et al., 
2007). The nitric oxide produced by endothelial cells 
plays an essential role in the relaxation process of the 
blood vessel. Vascular tonus is normally maintained by a 
constant release of minute amounts of NO, resulting in a 
mild vasodilation (Wennmalm, 1994). 

Mangabeira cork also has a potential pharmacological 
use. It is possible to extract different types of flavonoids, 
anthocyanins, and tannins from the tree cork, compounds 
popularly used in the treatment of stomach disorders, 
liver and spleen obstruction, jaundice, hepatic diseases, 
and chronic and skin diseases (Vieira-Neto, 1997). The 
anti-bacterial action against Gram-positive bacterium 
(Staphylococcus aureus and Staphylococcus 
epidermidis), Gram-negative (Pseudomas aeruginosa 
and Salmonella enteritidis) and antifungal (Aspergillus 
flavus, Candida guilliermondii, Rhodotorula rubra, 
Cephalosporium   species   and   Trichosporon    species)  



 
 
 
 
(Costa et al., 2008) and gastroprotective effect of the cork 
extract have been effective in combating and healing 
gastric ulcers because of its ability to stimulate the 
synthesis of mucus and produce an antisecretory effect 
(Moraes et al., 2008). 

The in vitro evaluation of the chemopreventive effect of 
the ethanolic extract from mangabeira leaves identified L-
(+)- borneol, quinic acid, and rutin, which act as NF-Kb 
inhibitors (antioxidant response elements) and suggests 
the presence of cyclitols and myoinositol as substances 
that may be potentially useful as chemopreventive agents 
(Endringer et al., 2009). The chemopreventives should 
act by neutralizing the carcinogenic cells, preventing 
initiation by means of mechanisms such as induction of 
detoxification enzymes, inhibition of initiation 
carcinogenicity, inhibition of arachidonic acid metabolism, 
induction of cell differentiation, inhibition of ornithine 
carboxylase, among others (Sporn and Suh, 2000). 

The species was one of the most cited plants used for 
the control of hyperlipidemia and obesity in 
ethnobotanical research studies (Silva et al., 2010). 
Therefore, it is believed that this capability can also 
contribute to the mitigation of cardiovascular disorders. 
 
 
MANGABA LATEX: TECHNOLOGICAL AND 
PHARMACOLOGICAL PROPERTIES  
 
Latex was widely used during World War II in the 
production of rubber. Currently, the mangabeira latex is 
used in home medicine for the treatment of various 
diseases. All plant parts, including the roots, produce 
latex. Despite this, because it is a relatively little studied 
species, there is no production on a commercial scale, 
with the use and production of latex restricted only to the 
handmade form. The mangaba tree has a laticifer system 
with inarticulate vessels. On average, each incision in the 
trunk can exhaust a very limited area of 13 cm above and 
5 cm below the incision. Because the vessel system is 
restricted, the restoration of latex takes time before the 
next bleeding (Pinheiro et al., 2001). Adult mangaba 
trees (six years) can produce 1 L of latex per bleeding in 
1 or 2 h of draining; however, they can only be bled up to 
three times a year to allow time for latex production 
recovery (Bekkedahl and Saffioti, 1998). 

In a study in mice, the use of latex was associated with 
the inhibition of nitric acid and PGE2 formation and 
cytokinin production, indicating an anti-inflammatory 
activity (Marinho et al., 2011). The antimicrobial potential 
of mangabeira latex against different microorganisms, 
such as bacterium and fungi, has been demonstrated in 
studies with rabbits (Santos et al., 2007). Another 
therapeutic property of latex was described by Sampaio 
(2008), who carried out biochemical tests in mice and 
determined that mangabeira latex demonstrated 
antioxidant activity and a significant hepatoprotective 
effect. 
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Silva et al. (2011) demonstrated that the mangabeira 

latex also presents antimicrobial activity through a 
significant effect against Candida albicans. The latex 
showed efficiency in the induction of angiogenesis by 
promoting a healing process without genotoxic and 
cytotoxic activities (Almeida et al., 2014). 

Due to an increased search for alternative sources of 
natural rubber with properties similar to that of Hevea 
brasiliensis, other sources, including the mangaba tree, 
have been studied. The technological properties of the 
mangabeira latex are quite similar to those of H. 
brasiliensis (Malmonge et al., 2008). Mangabeira latex 
has a lower protein content than Hevea, a fact that 
suggests its latex may have important application in 
situations requiring the use of anti-allergenic rubber 
(Medeiros et al., 2010). 

Researches involving H. speciosa latex were carried 
out, and twelve chemicals mentioned earlier were 
identified. In studies conducted by Uzabakiliho et al. 
(1987), it was possible to verify that the latex of H. 
brasiliensis has a more complex composition when 
compared with that of H. speciosa. The latex of H. 
brasiliensis is composed of a complex mixture of different 
components, including macromolecules. One of the major 
components of the latex is cis and/or trans polyisoprene. 
Constituents present in latex are rubber, proteins, 
carbohydrates, neutral lipids, polar lipids, inorganic 
components, amino acids, amines and water. Besides 
these, other constituents present in latex and reported in 
phytochemical studies are: polysaccharides, flavonoids, 
lipids, phospholipids and proteins; alkanes, triterpene 
ketones, triterpenoids, sugars and fatty acids were also 
confirmed (Table 2). 
 
 
CONSERVATION OF GENETIC RESOURCES 
 
The improper exploitation of mangaba fruits associated 
with the fragmentation of the species’ habitat promotes 
the existence of populations with fewer individuals and 
compromised future generations through natural 
regeneration mechanisms. Over time, this condition can 
lead to less vigorous individuals and reduced genetic 
variability in natural populations with the possible loss of 
economically important traits. Thus, the definition of ex-
situ strategies is essential for the conservation of the 
existing genetic variability in natural populations. 

Genetic materials or germplasms are living physical 
units with reproductive potential which contain the genetic 
makeup of a particular organism. Thus, depending on the 
species, germplasm can be collected, worked, and stored 
in the form of seeds, seedlings, cuttings, pollen, or even 
in tissue culture (Balick, 1989). The establishment of 
germplasm banks is essential to preserve species, genes, 
and alleles in order to guarantee future characteristics of 
economic, environmental, and social interest, among 
others (Mazzocato et al., 2014). 
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Table 2. Plant parts and popular medicinal use of the mangaba tree. 
 

Plant part Popular medical uses References 

Fruits 
Tuberculosis, ulcers, skin diseases, warts, bruises, 

various inflammations, diarrhea and herpes. 
Sampaio (2008) 

   

Latex 
Tuberculosis, ulcers, warts, bruises, various inflammations, 
diarrhea, herpes, dislocation, diabetes, obesity, bone regeneration, 
bactericide 

Sampaio (2008), Santos et al. (2007), 
and Pott and Pott (1994) 

   

Cork 
Hypertension, gastric ulcers, stomach disorders, processes, 
inflammatory lung diseases, cramps and dislocations 

Almeida et al. (1998) and Silva Júnior 
(2005) 

   

Eaves 
Dysmenorrhea, diabetes, obesity, warts, menstrual cramps, 
hypertension, rheumatism 

Almeida et al. (1998), Silva Júnior (2005), 
and Hirschmann and Arias (1990) 

   

Roots Hypertension and rheumatism Hirschmann and Arias (1990) 

 
 
 

Prior to 2006, there were only two germplasm 
collections in Brazil: one belonging to the Pernambuco 
State Company of Agricultural Research (IPA), initiated in 
1970 and containing 125 entries; and another in the 
Paraíba State Company of Agricultural Research - 
EMEPA-PB, implemented in 1991 and currently 
containing 220 entries (Souza et al., 2007).  

The mangaba tree is on the list of species at risk of 
extinction because large areas where these trees 
naturally occur are being devastated. Therefore, in 2006, 
the Embrapa Coastal Tablelands installed the 
Mangabeira Active Germplasm Bank (BAGMangaba) 
(Figure 4) in the State of Sergipe as an alternative 
mechanism for maintaining the genetic diversity of this 
important tree. Collecting expeditions have been 
conducted since 2006 in various regions where the 
species occur (Silva et al., 2011).   

BAG represents a collection of genes and a reservoir of 
natural genetic variability, which are essential for the 
species’ breeding programs (Costa et al., 2011).  The 
characterization of available entries preserves genetic 
diversity (Coimbra et al., 2012) and is fundamental to an 
understanding of their potential, thereby identifying the 
variability between and among populations (Lima et al., 
2012).  

Characterization of existing samples in a germplasm 
bank enables the gathering and preservation of maximum 
genetic variability with minimum duplications in addition 
to promoting and providing genetic material for breeding 
programs. The evaluation of genetic diversity between 
different entries at BAG affords information about 
potential parents for use in breeding programs and 
enables the identification of duplicates and exchange of 
germplasm among researchers. It is a way to reconcile 
agrobiodiversity conservation efforts with sustainable 
development. Characterization of existing samples in a 
germplasm bank allows the gathering and preservation of 

maximum genetic variability with minimum duplications, 
in addition to promoting and providing genetic material for 
breeding programs (Manfio et al., 2012). 

In addition to the Germplasm Bank, the in situ 
conservation of species is also ongoing. In the state of 
Sergipe, the work of Mangaba pickers, already described 
in the literature (Silva Júnior, 2003; Mota and Silva 
Júnior, 2005; Mota and Santos, 2005), has allowed the 
association between conservation of biodiversity and 
traditional knowledge with low impact on the environment. 
 
 
GENETIC DIVERSITY 
 
Genetic diversity is one of the most important parameters 
evaluated by plant breeders in the early stages of a 
breeding program. Many methods are available to assess 
it in plant populations and differ in their ability to detect 
differences between genotypes (Morales et al., 2011). 
Such quantification of genetic diversity can be achieved 
by means of agronomic, molecular, and morphological 
characters among others (Amorim et al., 2007). 

Genetic variability is the multiplicity of allelic 
frequencies present in a group of individuals that, along 
with the environment, provides a range of phenotypes, 
which represents the fundamental basis of genetic 
improvement programs. Exploiting the diversity of 
cultivated species of economic importance is a 
fundamental task in all agricultural research programs 
(Cardona, 2010). 

In plant breeding programs, information related to 
diversity is of fundamental importance because it allows 
the identification of hybrid combinations that can produce 
high heterosis effects in addition to providing increased 
genetic variability in segregating generations (Bahia et 
al., 2008; Gonçalves et al., 2009; Rocha et al., 2009). 

Furthermore, it enables the  identification  of  duplicates  
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Figure 4. Mangabeira Active Germplasm Bank of the Embrapa Coastal Tablelands, Itaporanga d'Ajuda, Sergipe, Brazil. (Source: Ana 
Veruska Cruz da Silva). 

 
 
 

and, thus, considerably reduces expenses in the 
maintenance of germplasm banks (Rodrigues et al., 
2002). 
Knowledge of the degree of genetic variability through 
divergence studies is essential in the process of 
identifying new sources of genes of interest (Falconer 
and Mackay, 1996). Molecular markers, identifiable DNA 
sequences found at specific genome locations that are 
transmitted by the common laws of inheritance from one 
generation to another (Rodrigues, 2013), emerged as an 
important tool in plant genome analysis because they 
provide information on genetic variability and identify 
polymorphisms in any stage of development (Bicalho, 
2006), thereby contributing significantly to the basic 
knowledge of crop. 

Molecular characterization stands out as a way to 
evaluate genetic diversity, allowing inference of the 
degree  of  diversity  among  individuals  and  populations 

based on molecular markers, markers, which are 
independent of environmental effects. In general, 
molecular markers are based on the amplification of DNA 
fragments by polymerase chain reaction (PCR) and have 
been widely used in plant breeding programs. For 
example, they are used in the study of population genetic 
diversity in the evaluation of the potential of available 
genetic resources and their associations with agronomic 
characteristics (Benko-Iseppon et al., 2003). 

The establishment of cultivated varieties requires 
enough genetic diversity to allow the selection of 
individuals that can be used in breeding programs. 
Therefore, the study of the components of species 
variability is critical, especially in native species that are 
not well studied and whose magnitude of diversity is not 
fully understood (Costa et al., 2011).  

The RAPD (Costa et al., 2011; Silva et al., 2011), ISSR 
(Soares  et  al.,  2016;  Amorim  et  al.,  2013)  and   SSR 
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(Amorim et al., 2015) molecular markers have been 
reported as showing genetic diversity in mangaba trees. 
The studies using SSR markers in natural populations 
and in BagMangaba entries use primers developed by 
Rodrigues et al. (2015). 

Although the mangaba tree is economically important, 
studies on this species are recent, and a better 
understanding of the genetic structure and diversity of 
this species’ natural populations and existing collections 
is needed in order to assist the conservation of these 
genetic resources. 
 
 
CONCLUSION 
 
Due to the economic, pharmacological, and nutritional 
importance of the mangaba tree, an increased 
understanding of its production system is necessary. One 
of the main goals of fruit producers in Northeastern Brazil 
is to add value to regional fruit trees because they are 
usually exploited through extractivism. Therefore, it is 
believed that the biotechnological knowledge involving 
chemistry, biochemistry, and molecular biology can add 
information to assist in the use of the various parts of 
mangaba trees as inputs for the food and pharmaceutical. 
These actions could lead to improved income for 
producers and the heating of regional economies. 
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A study was conducted to investigate genetic diversity and population structure among populations of 
Nile tilapia Oreochromis niloticus (Cichlidae) in the Volta Lake of Ghana using microsatellite markers. 
Four hundred (400) fish specimens were obtained from nine naturally occurring subpopulations and 
one selectively bred strain, ‘Akosombo strain’. These were characterized using 15 microsatellite loci. 
Twelve of the loci were multi-allelic, producing 2 to 11 alleles per locus while the effective number of 
expected alleles (Ne) ranged from 2.030 to 2.855. The observed heterozygosity (Ho) and expected 
heterozygosity (He) were high ranging between 0.488 - 0.594 and 0.424 – 0.502, respectively. The 
Kpando-Toko populations had the highest variability (He = 0.502) whilst the Buipe population had the 
least variability (He = 0.424). Gene diversity based on locus ranged between 0.1638 and 0.8673 whilst 
the genetic differentiation between populations (FST) was 0.074 indicating moderate differentiation 
between the populations. However, there was very high genetic variation (93%) within individuals. Nei’s 
distance between the populations ranged between 0.011.and 0.133, whilst estimated overall gene flow 
(Nm) and Shannon Information Index were 8.265 and 0.822 respectively. The 10 populations studied 
formed two main clusters with the longest pairwise Nei’s genetic distance of 0.133 between the 
Dzemeni and Kete-Krachi populations. 
 
Key words: Oreochromis niloticus, microsatellite, Akosombo strain, gene diversity. 

 
 
INTRODUCTION 
 
Oreochromis niloticus (Nile tilapia) is an economically 
and nutritionally important fish found in the Volta  Lake  of 

Ghana (Ofori-Danson, 2000; FAO, 2005). It is the most 
farmed species in the country, contributing  to  more  than  
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80% of the total yield (Ghana Fisheries Commission, 
2011). Globally, this species is the second most 
extensively farmed fish in freshwater aquaculture (FAO, 
2014). Due to its excellent culture features, Nile tilapia 
has been introduced to other freshwater bodies where it 
has increased landings. Given its unique culture 
characteristics, it is predicted that the global production of 
the species would exceed carp production in the future 
(Fitzsimmons, 2013). 

Nile tilapia has a number of important characteristics 
which makes it a key species for aquaculture. It has a 
relatively short generation time (approximately 8 months) 
relative to other species such as carp and trout, which 
ensures that the production cycle is completed within a 
single year. The species is also both planktivorous and 
omnivorous, making it an excellent fit for low-cost 
aquaculture (Abdelghany, 1993; Getabu, 1994). They 
also survive in water conditions that normally would not 
support the most of the other aquaculture species 
(Fitzsimmons, 2000). The ability of the species to adapt 
to various environmental conditions has led to its 
widespread production. 

With the success story of the Genetic Improvement of 
Farmed Tilapia (GIFT) programme, there has been 
production of different strains of tilapia. The Akosombo 
strain, produced by reciprocal crosses of four populations 
viz Nawuni, Yeji, Kpando and a farmed stock from 
Nsawam, is a  product resulting from the application of 
selective breeding to tilapia in Ghana. These fish genetic 
resources have economic, ecological and social value 
and need to be characterized. The proper identification of 
breeding stock has potential benefits regarding the 
characterization, conservation and sustainable use of 
resources (Carvalho and Pitcher, 1994). Characterization 
of species and strains in culture therefore continues to be 
an important aspect for the efficiency and success of any 
breeding programme, especially given that most aquatic 
genetic resources are poorly documented. 

Traditional methods using both morphometric and 
meristic characters have not yielded concrete results 
(Pante et al., 1988). However, with the advent of the PCR 
machine, further enhanced molecular studies involving 
new approaches to genetic marker acquisition have been 
achieved. These include the use of random amplified 
polymorphic DNA (RAPD), amplified fragment length 
polymorphisms (AFLPs) and microsatellites (Bardakci 
and Skibinski, 1999; Hassanien and Gilbey, 2005; 
Bezault et al., 2011; Chi et al., 2014). Falk and Abban 
(2004) used RAPD to assess the genetic diversity of O. 
niloticus in the Volta Lake and tributaries of the Volta 
system. However, RAPDs are dominant markers and 
hence difficult to differentiate between homozygotes and 
heterozygotes. This calls for further studies and use of 
co-dominant markers which gives further insight on the 
genetic diversity of the species. 

 With the current surge in floating cages in the Volta 
Lake,   escapes   are   inevitable   from   this    technology  
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(McCrary et al., 2001). As a result, the characterization of 
the available fish populations of the Nile tilapia in the 
country is necessary so as to ascertain the nature and 
structure of available genetic diversity of the wild stocks. 
Characterization of individual populations will help to 
determine which ones will be selected so as to be 
included in a strain comparison trial, genetic improvement 
programs as well as providing baseline information for 
the management of the species within the Volta Lake 
system. 

Knowledge of genetic variation within and between 
populations is essential for the establishment of effective 
and efficient conservation practices for indigenous 
species. In addition, such information is significant in 
breeding for heterosis and proper management of fish 
stocks (Lee and Kocher, 1998; Bo-Young et al., 2005). 
This research therefore sought to assess genetic 
diversity of wild populations of Nile tilapia in the Volta 
Lake, Ghana as well as the newly developed Akosombo 
strain of tilapia using microsatellite markers. Information 
resulting from this study will provide a database essential 
for devising strategy on monitoring, planning future 
genetic improvement programs and conserving genetic 
diversity. 
 
 
MATERIALS AND METHODS 
 

Study area 
 

Ghana lies north of equator with latitudes between 4.5°N and 
11.5°N, and longitudes between 3.5°W and 1.3°E. The Volta Lake, 
is the most important inland water body in the country with a 
surface area of 8480 km² and 5200 km of shoreline (Figure 1). The 
lake contributes approximately 90% (90 000 mt) of the total inland 
fishery production in Ghana (Abban, 1999). 
 
 

Collection of fish samples and extraction of DNA 
 

The geographical locations and sample sizes of the examined O. 
niloticus populations are presented in Table 1. Forty (40) fish of 
similar size ranges were sampled from each of the eight strata of 
the Volta Lake from December 2014–February 2015. In addition, an 
improved strain of the same species, Akosombo strain, was also 
included in the sample. A piece of caudal fin (about 50 mg) was 
obtained from each individual, kept in 95% ethyl alcohol and sent to 
the laboratories of the Department of Molecular Biology and 
Biotechnology, University of Cape Coast. Extraction of genomic 
DNA was undertaken by using the Bioneer Genomic Extraction 
KitTM after which the DNA samples were stored in TE buffer at -
20°C. The DNA concentration as well as purity was estimated by 
determining the ratio of absorbance at 260 and 280 nm respectively 
using a Jenway Genova Life Science Nano Micro-Volume 
spectrophotometer. DNA quality was then checked by gel 
electrophoresis on 0.8% agarose gel. The brightness and integrity 
of the band produced was used as a basis to estimate the quality of 
DNA produced. 
 
 

Microsatellite primer selection and polymerase chain reaction 
conditions 
 

A single locus  PCR  for  each  of  15  primers  (Table  2)  based  on  
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Figure 1. The Volta Lake indicating its sampling sites management strata. I = 
(Kotoso    ); II = (Akosombo-Marine       and Dzemeni     ); III = Kpando-Toko    ; IV 
= (Tapa Abotoase    ); V = (Dambai     ); VI = lower Volta riverine body (Kete-
Krachi      ); VII = (Yeji    ); and VIII = (Buipe     ).  

 
 
 

Table 1. Sampling sites and sample size of Oreochromis niloticus population. 
 

Population Code Latitude (y) Longitude (x) 

Kwahu-Kotoso KOT 6°45'06.91"N 0°38'31.77"W 

Akosombo Strain AKO 6°16'08.1"N 0°03'2.5"E 

Akosombo-Marine AKM 6°18'30.40"N 0°03'29.62"E 

Dzemeni DZE 6°35'19.12"N 0°12'43.50"E 

Kpando-Toko KPA 6°59'46.8"N 0°17'28.5"E 

Tapa-Abotoase ATB 7°29'05.21"N 0°17'20.83"E 

Dambai DAM 8°04'0.4"N 0°10'28.5"E 

Kete-Krachi KET 7°47'42.5"N 0°03'29.62"E 

Yeji YEJ 8°13'21.8"N 0°39'36.7"W 

Buipe BUI 8°45'18.2"N 1°27'12.3"W 
 
 
 

previous studies (Rutten et al., 2004; Sukmanomon et al., 2012; 
Trọng, 2013) was undertaken. Each reaction mixture of 15 µl 
contained 1 µl of 10 pmol of forward and 1 µl of 1 pmol of reverse 
primers of the microsatellite, as well as Bioneer master mix 
(Bioneer Corporation, South Korea), 2 µl sterile molecular biology 
grade water and 2 µl of 100 ng/µl DNA. PCR was performed using 
a Techne TC-512 thermal cycler (Bibby Scientific, UK). This 
involved  35  cycles  of  initial  denaturation  at  94°C  for   30 s,   an 

elongation at 48°C for 30 s (depending on annealing temperature of 
primer), an extension at 72°C 1min  and held at 10°C after 
completion. 

Amplified products were electrophoretically separated on 2.0% 
agarose gels buffered with 0.5X TBE. A DNA ladder was included 
as a size marker (100 to 2000 bp). After staining with ethidium 
bromide for 30 min, DNA fragments were identified by viewing the 
gel under  a  UV  trans-illuminator.  Digital  images  of  the  products  
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Table 2. List of primers used in the polymerase chain reaction. 
 

Locus ID Forward Primer Reverse Primer 

UNH106 CCTTCAGCATCCGTATAT GTCTCTTTCTCTCTGTCACAAG 

UNH123 CATCATCACAGACAGATTAGA GATTGAGATTTCATTCAAG 

UNH132 ATATAAGAAACTGAGTCGGTGAG TGGAAATAGAGGGTGGGTGAG 

UNH136 TGTGAGAATTCACATATCACTA TACTCCAGTGACTCCTGA 

UNH138 T TCAGCTTCATCTCTTG CCATTTTAACCTCTCCATCT 

UNH140 GAGAGCTCTTTAGTCTGTGAG TCCAGCAGTGTAGTCATC 

UNH142 CTTTACGTTGACGCAGT GTGACATGCAGCAGATA 

UNH146 CCACTCTGCCTGCCCTCTAT AGCTGCGTCAAACTCTCAAAAG 

UNH153 TCTGCTTTGCTTTTTCTCATTCT TACGGCACACTCCCTCCAT 

UNH159 TTGTTTTAGGAGCTTCTTTTGTC ATATTCATCTGGATTTGGCTCTAA 

UNH211 GGGAGGTGCTAGTCATA CAAGGAAAACAATGGTGATA 

UNH222 CTCTAGCACACGTGCAT TAACAGGTGGGAACTCA 

GM211 GCAAGTTGAGAGGCTACTGT AAACAACCCACAACCTTAGTT 

GM531 AAAGCCAACGGTCTGAATTG AGCAGAGGACACCCCTCAT 

GM538 CAGCATGTTGTCTGGATCTTG TTTGTTGCTGTGGTCTGTTCTT 

 
 
 
were taken and the bands were later scored. 
 
 

Analysis of microsatellite data 
 
Genetic polymorphism for each population was estimated as mean 
number of alleles per locus (Na), number of effective alleles (Ne), 
observed heterozygosity (Ho), expected heterozygosity (He) and 
percentage of polymorphic bands (PPBs) using POPGENE Version 
1.31 freeware (Yeh et al., 1999) and GenAlEx 6.502 software 
(Peakall and Smouse, 2012). The polymorphism information 
content (PIC) for each primer was analyzed based on allelic 
frequencies using the PowerMarker Software v 3.6 (Lui and Muse, 
2005). The Genepop on the web (Raymond and Rousset, 1995) 
was then used to estimate Wright’s F-statistics (FIS, FIT and FST). 
The pairwise FST values were used to generate a matrix on the 
number of migrants exchanged per generation (Nm). 

A test for conformation to the Hardy-Weinberg equilibrium (HWE) 
by a Markov chain approximation of the exact test (Guo and 
Thompson, 1992) was undertaken by the Genepop on the web 
(Raymond and Rousset, 1995). The test for linkage disequilibrium 
based on the chi-square test was performed, wherein the 
disequilibrium coefficient was provided. To assess genetic 
differentiation among populations, the GenAlEx 6.502 software was 
used to determine molecular variance (AMOVA) and Shannon’s 
information index (I). The proportion of private alleles in each 
subpopulation was also used to assess inter-population variability. 

Genetic differentiation indices such as Nei’s genetic distance (𝐷) 
and Nei’s genetic identity were was also calculated using the 
GenAlEx 6.502 software. A standardized version of Mantel test 
(Mantel, 1967) was then performed to assess the correlation 
between the genetic distance and the geographic distance using 
999 permutations. Nei’s genetic distance (D) matrix was exported to 
Mega 4 (Tamura et al., 2007) from which a phenetic tree was 
constructed using the Unweighted Pair Group Method with 
Arithmetic Mean (UPGMA). 

 
 
RESULTS 
 
In the present study, 15 microsatellite markers were used 

to characterize the O. niloticus populations in the Volta 
Lake of Ghana (Table 3). Twelve (12) of these markers 
showed variable level of polymorphism whilst three 
(UNH132, UNH136 and UNH153) were monomorphic. 
 
 
Intra-population diversity 
 
The number of alleles ranged from 2 to 11 per locus 
whereas the mean number of different alleles (Na) and 
the effective number of alleles (Ne) per locus was 3.275 
and 2.254, respectively (Table 4). Further analysis of 
alleles revealed that the Akosombo strain, Kotoso and 
Kpando-Toko populations had 33.3, 8.3 and 16.7% 
private alleles respectively. The mean expected 
heterozygosity within populations (He) was 0.459 whilst 
the mean observed heterozygosity (Ho) was 0.526 (Table 
4). Among the 10 populations that were assessed, the 
Kpando-Toko population had the highest expected 
heterozygosity of 0.502 whilst the Buipe population had 
the least expected heterozygosity (0.424). Kete-Krachi 
population had the highest observed heterozygosity of 
0.594 whilst the Dzemeni population recorded the least 
observed heterozygosity (0.488). The Akosombo strain 
(AKO) had the highest Shannon diversity index (I) of 
0.973 whilst BUI had the least diversity (0.731). Fixation 
index (FIS) ranged between -0.207 and 0.144 with a mean 
of -0.060. With the exception of the Kpando-Toko and 
Abotoase populations, all the other sub-populations had 
negative FIS values indicating excess of heterozygosity. 
 
 

Locus variability 
 
Of the 12 polymorphic loci that were assessed, locus 
UNH211    produced     the     highest     total     observed  
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Table 3. Annealing temperature (TA) and size range of SSR. 
 

Serial number Primer TA/°C Size range/bp 

1 UNH106 40.6 135-160 

2 UNH123 37.45 160-290 

3 UNH132 46.95 550 

4 UNH136 37.58 175 

5 UNH138 38.25 175-190 

6 UNH140 38.30 150 -175 

7 UNH142 36.80 150 - 175 

8 UNH146 50.30 120 -150 

9 UNH153 49.45 200 

10 UNH159 47.20 240 -270 

11 UNH211 39.25 140 - 410 

12 UNH222 37.85 190 - 210 

13 GM211 43.90 150 - 390 

14 GM531 48.45 220 - 350 

15 GM538 48.20 160 - 240 

 
 
 
Table 4. Some genetic parameters of the ten populations. 
 

Population Statistical parameters N Na Ne Np I Ho He FIS 

AKO 
Mean 40.000 4.083 2.855 0.333 0.973 0.567 0.501 -0.074 

SE 0.000 0.783 0.600 0.256 0.180 0.101 0.075 0.080 
          

KOT 
Mean 40.000 3.333 2.142 0.083 0.806 0.508 0.447 -0.065 

SE 0.000 0.414 0.267 0.083 0.131 0.103 0.066 0.108 
          

AKM 
Mean 40.000 3.000 2.158 0.000 0.768 0.490 0.439 -0.011 

SE 0.000 0.426 0.335 0.000 0.129 0.104 0.063 0.128 
          

DZE 
Mean 40.000 3.250 2.064 0.000 0.777 0.488 0.438 -0.020 

SE 0.000 0.392 0.273 0.000 0.117 0.102 0.058 0.131 
          

KPA 
Mean 40.000 3.667 2.446 0.167 0.925 0.488 0.502 0.079 

SE 0.000 0.595 0.383 0.112 0.139 0.090 0.056 0.108 
          

ABO 
Mean 40.000 3.083 2.154 0.000 0.830 0.504 0.479 0.020 

SE 0.000 0.336 0.242 0.000 0.102 0.105 0.048 0.144 
          

DAM 
Mean 40.000 3.333 2.281 0.000 0.828 0.504 0.461 -0.003 

SE 0.000 0.620 0.344 0.000 0.151 0.112 0.069 0.139 
          

KET 
Mean 40.000 3.083 2.290 0.000 0.814 0.594 0.461 -0.207 

SE 0.000 0.468 0.304 0.000 0.147 0.113 0.075 0.126 
          

YEJ 
Mean 40.000 3.000 2.116 0.000 0.766 0.558 0.441 -0.146 

SE 0.000 0.461 0.269 0.000 0.132 0.116 0.067 0.165 
          

BUI 
Mean 40.000 2.917 2.030 0.000 0.731 0.558 0.424 -0.196 

SE 0.000 0.358 0.237 0.000 0.126 0.118 0.069 0.155 
          

Total 
Mean 40.000 3.275 2.254  0.822 0.526 0.459 -0.060 

SE 0.000 0.156 0.106  0.042 0.033 0.020 0.040 
 

Na = number of different alleles; Ne = number of effective alleles; Np = number of private alleles; I = Shannon’s Information Index; He = expected 
heterozygosity or gene diversity; Ho = observed heterozygosity; FIS = fixation index (FIS). 
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Table 5. The total heterozygosity, gene diversity, polymorphism information content, and Hardy–Weinberg genetic 
deviation probabilities. 
 

Locus Gene diversity Ht (obs) Ht (ave) PIC Allele No. Exact p-value 

UNH106 0.1638 0.0700 0.1546 0.1504 2.00 0.0000 

UNH123 0.8246 0.8325 0.7543 0.8016 10.00 0.0000 

UNH138 0.3361 0.4075 0.3258 0.2796 2.00 0.0000 

UNH140 0.3617 0.4150 0.3332 0.3163 3.00 0.0004 

UNH142 0.4128 0.3075 0.4443 0.3336 3.00 0.0000 

UNH146 0.2119 0.1250 0.1942 0.2009 3.00 0.0000 

UNH159 0.3347 0.1900 0.2597 0.3096 3.00 0.0000 

UNH211 0.8673 0.9825 0.7264 0.8531 11.00 0.0000 

UNH222 0.4747 0.4800 0.4567 0.3620 2.00 0.9265 

GM211 0.7196 0.5725 0.5964 0.6775 8.00 0.0000 

GM531 0.6053 0.9900 0.5992 0.5244 4.00 0.0000 

GM538 0.7268 0.9025 0.6397 0.6789 5.00 0.0000 

Means 0.503 0.523 0.4570 0.457 4.667  

 
 
 

Table 6. F-Statistics and estimates of Nm over all pops for 
each locus. 
 

Locus FIS FIT FST Nm 

UNH106 0.518 0.545 0.058 4.074 

UNH123 -0.108 -0.009 0.089 2.552 

UNH138 -0.249 -0.210 0.031 7.815 

UNH140 -0.174 -0.122 0.044 5.426 

UNH142 0.183 0.220 0.045 5.323 

UNH146 0.400 0.451 0.084 2.731 

UNH159 0.253 0.392 0.186 1.097 

UNH211 -0.333 -0.183 0.113 1.971 

UNH222 -0.057 -0.013 0.042 5.722 

GM211 0.041 0.205 0.171 1.209 

GM531 -0.663 -0.655 0.005 51.042 

GM538 -0.411 -0.377 0.024 10.219 

Mean -0.050 0.020 0.074 8.265 

SE 0.100 0.103 0.016 3.968 

 
 
 
heterozygosity with a value of 0.9825 and a 
polymorphism information content of 0.8531, whilst 
UNH106 had the least observed heterozygosity (0.070) 
(Table 5). With respect to the mean expected 
heterozygosity, UNH123 had the highest value of 0.754 
whilst UNH106 had the least value of 0.155. With the 
exception of UNH222, all the other loci deviated 
significantly from the HWE (P<0.05) as shown in Table 5. 
 
 
Inter-population diversity 
 
The mean FIS ranged between -0.0.663 (GM531) and 
0.518 (UNH106) with an average of -0.050 (Table 6). The 
FIT values ranged between -0.655 (GM531) and 0.545 

(UNH106) with a mean of 0.222 whilst the FST values 
ranged between 0.058 and 0.186 (UNH159) with a mean 
of 0.074. The mean number of migrants per generation 
was 8.265 whilst the least genetic distance of 0.011 was 
found between the YEJ and BUI populations as shown in 
Table 7. The furthest distance of 0.133 as found between 
DZE and KET populations. Nei’s genetic identity matrix 
produced values ranging from 0.876 (DZE vrs KET) and 
0.989 (YEJ vrs BUI) (Table 7). 

Generally, genetic differentiation between 
subpopulation in the Volta Lake was moderate. The 
pairwise FST indicates the relative closeness between the 
BUI and YEJ population. The AKO strain also shows 
more closeness to the KPA rather than to the KET 
subpopulation. The inter-population differentiation (Gst) 
was 0.068 indicating that about 6.8% of the variance 
existed among populations whilst within population 
variance was about 93.2%. This result was similar to 
those from the analysis of molecular variance which 
indicates that 93% of the observed variance was as a 
result of variation within individuals, whilst 7% of the 
variation was shared between subpopulations. 
 
 
Population clustering 
 
The UPGMA tree for the ten populations generated from 
Nei genetic distance clearly shows two main clusters 
(Figure 2). The first main cluster includes: AKM, DZE, 
YEJ, BUI, KPA, ATB, AKO, DMB and KET population. In 
the second main cluster in the lower portion of the 
dendrogram contained the KOT population. Among the 
populations in the first cluster, KET and DAM formed a 
different cluster whilst AKO strain also formed a different 
cluster. The results from the Mantel test showed a weak 
correlation between the genetic distance (Nei) and the 
geographic distance (r = 0.014; p= 0.200)  indicating  that  
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Table 7. A matrix of pairwise Nei genetic distance (below diagonal) and Nei genetic identity (above diagonal) among the 
ten populations of Orechromis niloticus. 
 

Matrix AKO KOT AKM DZE KPA ABO DAM KET YEJ BUI 

AKO ** 0.906 0.909 0.913 0.924 0.921 0.924 0.888 0.905 0.912 

KOT 0.099 ** 0.897 0.912 0.913 0.915 0.911 0.885 0.898 0.890 

AKM 0.095 0.108 ** 0.948 0.914 0.928 0.934 0.878 0.925 0.931 

DZE 0.091 0.092 0.054 ** 0.937 0.942 0.936 0.876 0.942 0.955 

KPA 0.079 0.091 0.089 0.065 ** 0.978 0.919 0.906 0.931 0.928 

ABO 0.082 0.089 0.074 0.059 0.023 ** 0.942 0.917 0.921 0.922 

DAM 0.079 0.093 0.068 0.066 0.084 0.059 ** 0.938 0.918 0.915 

KET 0.118 0.122 0.130 0.133 0.099 0.087 0.064 ** 0.908 0.891 

YEJ 0.100 0.107 0.078 0.060 0.071 0.082 0.085 0.096 ** 0.989 

BUI 0.093 0.116 0.072 0.046 0.074 0.082 0.088 0.115 0.011 ** 

 
 
 

 
 

Figure 2. UPGMA trees of the ten populations of Oreochromis niloticus from the Volta Lake 
constructed using Nei’s genetic distance matrix (values attached are branch length). 

 
 
 
the population structure is not a result of isolation due to 
geographic distances. 
 
 
DISCUSSION 
 
Genetic variation within populations 
 
Genetic variation is one of the fundamental subjects of 
investigation in population genetics. Characterizing the 
genetic structure of populations is of major importance in 
studies such as evolutionary biology. It describes 

naturally occurring genetic differences among individuals 
of the same species. Generally, natural populations are 
subdivided into a number of subpopulations or demes, 
which are characterized by significant genetic 
differentiation (Bezault et al., 2011). High Shannon 
diversity and heterozygosity of the Akosombo strain 
(AKO) population suggests proper genetic management 
of the strain. Although this strain has undergone selection 
for more than nine generations, selection pressure for 
characters such as growth has not affected the gene pool 
of the strain. The strain has not lost alleles through 
random  genetic  drift.  Breeding  pattern  in  this  artificial  
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population is non-random; selection for specific trait is 
evident and hence most of the assumptions underlining 
the HWE are violated. This is also reflected in the 
negative FIS value (-0.074) which indicates excess of 
heterozygotes in that population. In contrast to what is 
expected in a production system where intensive 
selection for growth traits lead to increased 
homozygosity, the results of the present study for the 
Akosombo strain showed an opposite trend. This 
indicates that the effective population size (Ne) used for 
the breeding was high enough and led to the increase in 
heterozygosity of the improved strain. This is similar to 
results obtained from the GIFT strain (Rutten et al., 
2004). 

Deviations from Hardy-Weinberg equilibrium in the total 
population (FIT) and averaged deviation from Hardy-
Weinberg within subdivisions (FIS) have been used in 
population genetics to assess the levels of 
heterozygosities in natural population (Çiftci and Okumu, 
2002). Crow and Kimura (1970) noted that there is an 
excess of heterozygosity especially when there are 
alleles with low frequencies. The negative values 
obtained in the current research indicate presence of 
excess heterozygotes in the population due to 
outcrossing and the presence of different genotypes 
which occurred in very low proportions. This suggests 
that sexual selection, mutation or migration, the allele 
frequencies and the genotype frequencies are not 
constant from generation to generation as expected 
under Hardy-Weinberg equilibrium (HWE). This feature is 
very common in natural populations which do not always 
comply with Wright’s (1951) island model (Briñez et al., 
2011). However, it is noteworthy that the result of 
Mantel’s test indicates that structuring within the 
population is not due to isolation by geographic 
distances. 

The high genetic variation within populations suggests 
a very high genetic diversity within populations. This 
characteristic feature is key in selecting individual for any 
breeding programme. The current results confirm those 
of Falk and Abban (2004) who noted the presence of an 
essential genetic structure within the Ghana population of 
O. niloticus. The high diversity could be due to 
abundance of niches, mating system and lifespan of the 
species. Conversely, results from the analysis of 
molecular variance indicated a moderate genetic 
differentiation (FST = 0.074) among subpopulations which 
could be due to effective gene exchange between 
individuals of the species. Gene flow has been noted to 
be effective in changing the spatial distributions of genes 
(Slatkin, 1985). This phenomenon homogenizes gene 
frequencies and also reduces local adaptation by 
preventing divergence resulting in the formation of a 
weak population structure (Barton and Hewitt, 1985; 
Balloux and Lugon-Moulin, 2002; Cristescu et al., 2012). 

Population genetic structure of living organisms is 
largely shaped by both historical and contemporary  gene  
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flow in the species range (Holsinger and Weir, 2009). The  
interplay of these factors characterizes the structure of 
populations. The high genetic variation within individual in 
the population (92.8%) indicates high genetic diversity. 
These values were high compared with 54.12% obtained 
from six populations of red hybrid tilapia (Briñez et al., 
2011). Low levels of differentiation (Fst < 0.05) have been 
reported in some improved strains of Nile tilapia 
(Sukmanomon et al., 2012). However, the high 
differentiation of the Ghanaian population provides a 
basis for further improvement of the already available 
Akosombo strain. The presence of private alleles among 
three of the populations did not affect the FST. Jost (2008) 
showed that as heterozygosity becomes large, FST will 
naturally approach 0 - indicating low differentiation - even 
if all alleles at a locus are private. 
 
 
Genetic differentiation between populations 
 
Assessment of genetic diversity and population structure 
is an important feature in population and quantitative 
genetics. The total heterozygosity of the alleles was 
0.523 while the mean observed and expected 
heterozygosity were 0.526 and 0.459, respectively, 
indicating that the gene pool of the species was 
effectively maintained leading to a high genetic variability. 
The high diversity of the population was further 
confirmed, since gene diversity and Shannon information 
index were significantly greater than zero (P>0.05). 
Bezault et al. (2011) reported similar ranges of 
heterozygosity for the species obtained in the Kpando 
and Nyinuto portions of the Volta Lake. This is consistent 
with the known fact that large naturally outbreeding 
species have high genetic diversity (Nei and Kumar, 
2000). 

The genetic differentiation among populations is 
affected by mutation, migration, drift and selection (Gall, 
1987; Holsinger and Weir, 2009; Whitlock, 2011). Other 
extrinsic factors (for example habitat heterogeneity), and 
intrinsic factors (e.g. dispersal capability, mating system 
and habitat preference) have an impact on gene pool 
composition at intra-population level (Bezault et al., 
2011). Given the vast nature of the lake, the possibility of 
different niches cannot be underestimated. Habitat 
preference and high gene flow per generation are two 
important factors resulting in the high gene diversity. 
Generally, population subdivision results in the loss of 
genetic variation within subpopulations due to their small 
size and genetic drift acting within each one of them. 
High genetic variation theoretically promotes better 
adaptability of the populations to changing environmental 
conditions (Allendorf and Phelps, 1980). 

The very low genetic differentiation in the Buipe and 
Yeji subpopulations could be the result of great mixing of 
genetic materials between these two populations. This is 
further supported  by  the  very  high  number  of  migrant  
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(51.7) shared by the two population per generation and 
the phylogenetic tree which clustered BUI and YEJ 
subpopulations together indicating that these two 
populations were the most genetically relevant. Falk and 
Abban (2004) who used RAPDs to the characterize Nile 
tilapia populations in Ghana noted that the norther portion 
of the Volta system had the least variability while the 
central portions (lacustrine regions) had high diversity. 
High levels of migration and gene flow between 
populations increases their similarity (Neigel, 1997). 

The clustering of the Akosombo strain (AKO) with the 
other subpopulations also confirms the presence of 
alleles from these subpopulations in the development of 
the strain (Attipoe, 2006; Attipoe et al., 2013). The 
separate cluster formed by KOT, KET and DAM 
subpopulation confirms that these were not used as 
parent material in the production of the strain. Generally, 
there was a reduction in the number of migrant 
downstream possibly due to a reduction in the effective 
number of migrants (Nm) from the riverine to the 
lacustrine portion. This observation could be due to the 
availability of more niches and presence of different 
microhabitats. The riverine portions of the lake are 
generally narrow while the lacustrine portions are 
broader. Hence the lacustrine section of the lake 
exhibited more variation in allele frequency (genetic 
differentiation) than the riverine portion. 
 
 
Conclusion 
 
The Nile tilapia population in the Volta exhibits high within 
population variability and low among population 
variability. There is high gene flow within most of the 
populations which suggests the Ghanaian population are 
evolving toward homogeneity. However, due to the high 
within population variation, management of each of the 
examined populations is necessary for selection of 
population for breeding purposes. The Akosombo strain 
and the Kpando-Toko population exhibited the highest 
diversity. 
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The present study was carried out to ascertain the genetic status of soybean and maize crops 
introduced in Algeria and to test local and imported products containing maize and soybean for the 
presence of genetically modified organisms (GMO into the food and feed chain). Samples from crops 
and processed food products were selected, randomly sampled and screened by polymerase chain 
reaction (PCR) for the presence of the 35S cauliflower mosaic virus promoter (P35S CaMV) and the 
Agrobacterium tumefaciens nopaline synthase (nos) terminator, commonly found in transgene 
cassettes. Results showed that GMOs were absent in all crop samples, but present in 29 food and feed 
samples. These analyses are discussed for the efficiency of the Algerian regulation and the absence of 
labelling and traceability mechanisms within the country. 
 
Key words: Genetically modified organisms (GMOs), detection, maize, soybean, seeds, food and feed 
products. 

 
 

INTRODUCTION 
 
In Algeria, the discussion around genetically modified 
organisms (GMO) regulation and other related issues 
appeared with the adoption of the Cartagena Protocol on 
biosafety, although the country had only little experience 
in modern biotechnology and biosafety regulation 
(Louanchi, 2009). Agricultural development in the 
country, a fossil fuel producer, has not been prioritized for 
several years. For that reason, most basic food and feed, 
such as cereals (wheat, maize) and oil-yielding plants 

(canola, soy) are imported as unprocessed or 
transformed products. The concern of becoming a 
passive consumer is even greater in light of recent 
studies on animal health (Séralini et al., 2014). 

Moreover, introduction of the first hybrids in the 1990s 
failed increasing yields and provoked a genetic erosion of 
landraces and during the last decade, the agricultural 
sector showed an important development mainly based 
on massive importation of agricultural inputs like seeds
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Table 1. Presentation of maize and soy products analysed for GMO PCR detection. 
 

Species Product Number Origins 

Maize 

Food grain 18 USA, Argentina and unknown 

Canned 21 Spain, France, Italy, Brazil, Thailand, Syria, China and unknown 

Flour 5 Algeria, Tunisia 

Pop corn 12 Argentina 

   

Ear 43 
Algiers, Tipaza, Boumerdes, Ain Defla, Béjaia, Blida, TiziOuzou, Jijel, Mostaganem, Ain 
Temouchent, Oran 

   

Seeds 7 Centre National de Certification et de contrôle 

    

Soybean 

Flour 11 Spain, Argentina, USA and unknown 

Food grain 2 Italy and unknown 

Seeds 1 Italy 

 
 
 
with no specific control or regulation system. The country 
has ratified the Cartagena Protocol and promulgated a 
regulation prohibiting importation, production, distribution, 
marketing and use of genetically modified plant material 
(Ministerial Order No. 910 of December, 2000). However, 
there is no specific regulation to control the presence or 
use of GMOs in food crops and feed, as well as no 
regulation for food labelling. This situation prevents us 
from getting insights on the presence or absence of 
GMOs in agriculture, food and feed chains. 

Earlier studies on GMOs identification have been 
carried out by using serological and polymerase chain 
reaction (PCR) detection methods and the results 
confirmed the presence of GMOs in several analyzed 
samples (Ghazi, 2007; Louanchi et al., 2008). Screening 
methods for qualitative detection (that is, presence or 
absence of a transgenic event) allow rapid detection of a 
great number of GMOs. It is a simple and fast method 
based on differential amplification of specific sequences 
commonly found in many transgenic events (Wolf et al., 
2000), but does not allow differentiation of the involved 
GMO. In general, the screening of the 35S promoter from 
Cauliflower Mosaic Virus (P35S CaMV) and terminator of 
the Agrobacterium tumefaciens nopaline synthase gene 
(T-Nos) allows the detection of most of the authorized 
GMOs (Hemmer, 1997). 

The aim of this study is (i) to ensure that soybean and 
maize seeds introduced in Algeria are not genetically 
modified and (ii) to test local and imported maize and 
soybean for the presence of GMOs in the food and feed 
chain in Algeria. 
 
 
MATERIALS AND METHODS 
 
Sampling 
 
One hundred and twenty (120) samples with known or unknown 
origins were randomly collected from markets, harbours or 

institutions from several regions in Algeria during the years 2014 
and 2015 (Table 1). The samples comprised 106 types of maize-
grain food (18), canned maize (21), flour (5), popcorn (12), ears 
(43), seeds (7)- and 14 types of soybean-grain food (2), flour (11), 
and seed (1). 
 
 
DNA extraction and purification 
 
All the procedures were carried out under sterile conditions. 
Soybean and maize samples were ground with an electric grinder. 
40 mg of the resulting flour were used for the extraction of the 
genomic DNA according to the method described in the Wizard® 
Genomic DNA Purification Kit (Promega, Madison, WI, USA). The 
extracted DNA pellet was air dried and dissolved in 50 μl of sterile 
distilled water. The concentration and purity of the extracted DNA 
were measured by absorbance under UV at 260 and 280 nm, using 
a spectrophotometer (NanoDrop 2000® Thermoscientific). The DNA 
concentration was adjusted to 25 ng/μl prior to PCR by diluting into 
sterile distilled water. 
 
 
Oligonucleotides primers used 
 
Primers were used to amplify DNA sequences of specific genes 
from maize (Studer et al., 1998), soybean (Meyer et al., 1996), the 
promoter 35S of Cauliflower Mosaic Virus (CaMV) (Wurz and 
Willmund, 1997), and were used to detect Roundup Ready GM 
crops (Elsanhoty, 2013) and also several Bt Maize, and the 
Terminator Nopaline Synthase (T-Nos) (Lipp et al., 2001) mostly 
observed on transgenic events (Table 2). All primers were 
synthesized by DIAG-GENE (Angers Technopole, France). Before 
their use, lyophilized primers were diluted in purified water to obtain 
a final concentration of 20 pmol/μl. 
 
 

DNA amplification and PCR conditions 
 
PCR amplification was performed on a C1000 Thermal Cycler 
(BIORAD). Amplification conditions for each set of target 
sequences, as described by Querci et al. (2006), are presented in 
Table 3. Each PCR reaction mix (25 μl total volume) contained 2.5 
μl PCR buffer (10x concentrate, Promega), 2 μl MgCl2 solution (25 
mM MgCl2), 1 μl dNTP solution 0.2 mM of each of dATP, dCTP, 
dGTP and dTTP, 0.5 μl of each primer, 1 Unit AmpliTaq Gold
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Table 2. DNA primers used and corresponding target DNA sequence. 
 

Primers Sequence (5´ to 3´) Target DNA sequence Sequence length 

GMO3 GCCCTCTACTCCACCCCCATCC 
Lectin gene 118 bp 

GMO4 GCCCATCTGCAAGCCTTTTTGTG 

    

ZEIN3 AGTGCGACCCATATTCCAG 
Zein gene 277 bp 

ZEIN4 GACATTGTGGCATCATCATTT 

    

p35s-f2 TGATGTGATATCTCCACTGACG 
P35 S CaMV 172 bp 

petu-r1 TGT ATCCCTTGAGCCATGTTGT 

    

HA-nos 118-f GCATGACGTTATTTATGAGATGGG 
NOS-terminator 118 bp 

HA-nos 118-r GACACCGCGCGCGATAATTTATCC 

 
 
 

Table 3. PCR conditions for all target DNA sequences. 
 

Process GM03/GM04 ZEIN3/ZEIN4 P35s-f2/Petu-r1 HA-nos 118f/HA-nos 118r 

Initial denaturation 3 min; 95°C 3 min; 95°C 10 min; 95°C 3 min; 95°C 

Denaturation 30 s; 95°C 1 min; 96°C 30 s; 95°C 25 s; 95°C 

Annealing 30 s; 63°C 1 min; 60°C 30 s; 62°C 30 s; 62°C 

Extension 30 s; 72°C 3 min; 72°C 25 s; 72°C 45 s; 72°C 

Cycles 40 40 35 50 

Final elongation 3 min; 72°C 3 min; 72°C 10 min; 72°C 7 min; 72°C 

 
 
 
polymerase (Promega), 5 μl of template DNA and completed to 25 
μl with purified water. Negative control presented the same PCR 
reaction mix with water instead of extracted DNA. All amplified 
products were stored at 4°C until the gel electrophoresis. 

DNA amplicons were separated on 2% w/v agarose gels 
(Promega) using TBE buffer solution at pH 8.0 (0.89 M Tris, pH 8.0; 
0.89 M Boric acid; 2 mM Na

2
EDTA) and 0.5 µg.ml-1 of ethidium 

bromide at 150 v for 45 min. In addition, amplified target fragments 
of transgenic P35S CaMV and T-Nos sequences (DIAG-GENE, 
Angers Technopole, France) used as positive controls, were loaded 
on the gel. Target DNA sequences were observed with UV 
transilluminator Gel Doc Molecular Imager (BIORAD). 
 
 
RESULTS AND DISCUSSION 
 
Amplification of extracted DNA 
 
In order to assess the presence of transgenic elements, 
DNA extraction using Wizard® Genomic DNA Purification 
Kit (Promega, Madison, WI, USA) allows us to obtain a 
DNA of a good quality to perform PCR amplifications. 
PCR quality control, as recommended by the EU 
procedures for GMO detection (Querci et al., 2006), was 
performed with the specific primers for maize and 
soybean DNA. The primer pair GM 03/GM 04 is specific 
for the single copy lectin gene LE1 and yields a PCR 
product of 118 bp size (Meyer et al., 1996) detectable in 

transgenic as well as in conventional soybean. The 
primer pair ZEIN3/ZEIN4 is specific for the zein gene and 
yields a PCR product of 277 bp size (Studer et al., 1998) 
detectable in transgenic, as well as in conventional 
maize. Soybean and maize specific primer pairs served 
as a control for the amplification of the isolated DNA and 
PCR procedure (PCR quality control). All the tested 
samples gave positive results for the amplification of the 
control primer pairs. These results confirmed that the 
samples from processed food, like flour or meal, are 
based on maize or soybean. 
 
 

DNA target sequences detection 
 

Primers p35s-f2 and petu-r1, specific for the detection of 
the 35S promoter of CaMV, amplified a 172 bp fragment. 
These fragments are only detected in GMO samples. A 
specific band was amplified for the 35S promoter in 29 
out of the 120 samples tested (20 from maize and 9 from 
soybean) suggesting that these samples contain GMO 
(Figure 1). Similarly, primers HA-nos118-f and HA-nos 
118-r, specific for the detection of terminator nos, amplify 
a 118 bp fragment, detected only in transgenic samples. 
Here also, a specific band was amplified for the nos 
terminator in the same 29 samples, therefore 
corroborating the presence of a transgenic event (Figure
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Figure 1. Detection in maize and soybean samples of the expected DNA fragment of the Promotor 35S CaMV using primer pair P35S-
f2/petu-r1. M: 1 Kb ladder marker DNA; 1-20: DNA samples of maize; 21-29: DNA samples of soybean (loaded according to Table 4). 

 
 
 

 
 

Figure 2. Detection in maize and soybean samples of the expected DNA fragment of the Terminator T-Nos using primer pair HA-nos 118-
f/HA-nos 118-r. M: 1 Kb ladder marker DNA; 1-20: DNA samples of maize; 21-29: DNA samples of soybean (loaded according to table 4); 
C+: positive control; C-: negative control. 

 
 
 
2).  
 
 
Investigated transgenic samples 
 
During this experiment, 120 samples of maize and soy 
were analysed for the presence/absence of GMOs. For 
crops, samples were represented by ears (43) of maize 
originating from several fields in eleven different 
localities, maize seeds (7 varieties), and one seed variety 
of soybean. For food products collected from markets 
and harbours, samples were represented by maize as 
food grain (18), soy as food grain (2), canned maize (21), 
corn flour (5), popcorn (12) and soybean flour (11). 
Twenty nine samples (20 from Maize and 9 from 
Soybean) showed the specific DNA fragment either for 
P35S CaMV fragment or T-Nos fragment. 

Results show that transgenic elements are not present 
in the agricultural products (ears and seeds) investigated. 
This reveals that the Ministerial Decree of 2000 
prohibiting the imports of GMO containing material for 
agricultural uses is effective. Although these crops are 
not widespread in Algeria, their use as animal feed and 
processed food goods is wide spread, therefore, we 
believe that it is important to strengthen this decree by 
setting up laboratories of control and validation of 
standard methods for detection as it is done in several 

countries, especially for UE legislation (Trapmann et al., 
2001, 2002). 

Indeed, it was found that four samples from grain food 
(3 of maize and 1 of soybean), which are close to seeds 
in terms of propagation, were detected positive for GMOs 
in our studies. Although, they are designated for food 
transformation, these grain feed had more than 90% of 
germination rate (laboratory data). This result highlights a 
crucial issue concerning the denomination of GMO or 
LMO (living modified organisms) and suggests that the 
latter should be included in the risk assessment, because 
of their possible dissemination. 

Over 50% of the GMO positive samples (16 out of 29) 
were imported from Latin America (mainly from 
Argentina) as food grain, popcorn or canned food (Table 
4). Six samples were imported from Asia (Thailand and 
China) as canned maize. Two were from USA as food 
grain, while five were of unknown origin. 
 
 
DISCUSSION 
 
The present studies reveal that GMOs are not present in 
seeds in Algeria. This result is important regarding the 
Algerian regulation restricting the use of GM material. 
However, the regulatory system should evolve towards a 
strengthening of the control mechanisms, including a
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Table 4. Presentation of GMO samples detected and their origin. 
 

Species Samples Nature Origin 

Maize 

1 Canned (Royal Umbrella) Thailand 

2 Canned (Boonsith) Thailand 

3 Canned (Del Monte) Thailand 

4 Canned (Mon Jardin) China 

5 Canned (Safari Food) China 

6 Canned (Keema) Thailand 

7 Popcorn (Primore) Argentina 

8 Popcorn (Ploopie) Argentina 

9 Popcorn (Premium) Latino America 

10 Popcorn (Snack Crops) Argentina 

11 Popcorn (Three Stars) Argentina 

12 Popcorn (Three Stars) Argentina 

13 Popcorn (Three Stars) Argentina 

14 Popcorn (Primore) Argentina 

15 Popcorn (Boom Magic) Argentina 

16 Popcorn (Circus) Argentina 

17 Popcorn (Allicoupe) Argentina 

18 Food grain  Unknown 

19 Food grain  Argentina 

20 Food grain  USA 

    

Soybean 

21 Flour Unknown 

22 Flour Argentina 

23 Flour Argentina 

24 Flour Unknown 

25 Flour Unknown 

26 Flour USA 

27 Flour Argentina 

28 Flour Unknown 

29 Food grain Unknown 

 
 
 
better regulation on GM related administrative 
procedures, risk assessment guidelines, implementation 
of efficient laboratories for GM control using more 
sensitive methods such as semi-quantitative detection 
(Tozzini et al., 2000), and real-time quantitative PCR 
detection (Poitras and Houde, 2002; Yang et al., 2007) 
with validated and standardized methodologies. 

Our results showed that several food products which 
contained GMOs are mostly imported from Argentina, 
Thailand and China and this situation raises the problem 
of labelling and traceability (Miraglia et al., 2004). Indeed, 
the lack of labelling regulation is a concern for numerous 
countries, which could be restrictive countries like Saudi 
Arabia (Abdel-Mawgood et al., 2010) or Tunisia 
(Chaouachi et al., 2013) or permissive countries 
regarding GMOs content like South Africa (Viljoen et al., 
2006) and Egypt (Tony et al., 2003). 

This work is the first contribution in Algeria on the 
presence of GMO in crops and food products. Results 

show the absence of GMO in crops and seeds but their 
presence in 29 samples of foodstuffs. Further studies are 
needed to quantify the amount of GMOs that are present 
in the food products throughout the Algerian market. For 
that purpose, genetically modified products in food 
commodities should be checked and controlled to comply 
with the EU and international regulations that enforce 
labelling of food when GMO presence is higher than 
0.9%. Although some countries might be tolerant with 
GMOs presence in food, the precaution principle is 
thought to be applied for as long the risk for human 
health on the long run is not known. 

Our results suggest that, to comply as well with the 
national regulation, genetically modified material 
detection and monitoring plans are necessary to control 
the distribution of unlabelled GM- containing foods and 
feed in the Algerian market. 

For an effective management of the genetically 
modified  organisms  and  in  order  to  set  up  a  national 



 
 
 
 
policy which can face the transnational movement of both 
agricultural and food product, Algeria must set up a 
regulation which include labelling and traceability and a 
detection methodology with homogenized protocols and 
adapted techniques used in routine. 
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