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Figure 4: Exponential degradation type ((A); e.g. C. necator) and stationary
degradation type ((B); e.g. C. parapsilosis).

3.2 Product building experiments

Products generated in bio-fermentative processes can be generally classified
according to their extracellular or intracellular origin. Selected organisms have
been screened for known extra- or intracellular products. In the case of
B. licheniformis a wide variety of enzymes is produced in industrial processes
like proteases or amylases [17]. An extracellular a-amylase from
B. licheniformis, PHB from C. necator as well as biomass of C. parapsilosis
have been targeted as possible bio fermentation products. Extracellular proteins
out of fermented supernatants were analysed regarding 2.3.4.

A comparison of the molecular weight of a commercially available a-amylase
and the unidentified isolated protein from B. licheniformis was negative. In the
next step the enzyme assay has been initiated but first analysis indicates a
negative result (data not shown).

In the case of C. necator, PHB was detected (Figure 5). In a fed-batch process
using 500 mg/l of phenol as substrate, it was possible to produce 2 g/l of PHB
with phenol.

Figure 5: Isolated PHB from C. necator.
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The fermentation of C. parapsilosis using NH4OH and glucose as feeding
substrate in complete medium and maximally dissolved O,-concentration
reached a biomass dry weight of 22.7 g/l (data not shown) [18]. Further
experiments will clarify the influences of phenol and medium components.

4 Discussion and conclusion

Overall aim of the growing experiments was the bio-fermentation of organisms
in complete medium and different phenol concentrations as a substrate to
accelerate degradation process by co-metabolism and increase probability of
generating a product.

Selected bacteria and fungi were chosen considering their phenol degradation
ability and known bio-fermentation products according to literature. P. putida
strains are metabolically versatile, well characterized, candidates for biocatalysis
and bioremediation. The DNA genome sequence of the strain P. putida F1 was
fully identified and a lot of information on enzyme mechanisms and metabolic
performance of various substrates is known [19]. The effect of adaptation of
P. putida to the biodegradation of aliphatic components was well clarified and
reported by Abuhamed et al. [20]. To assist the amplification of molecular
mechanisms of phenol degradation a genetic adaption phase was chosen by using
complete medium and minimum phenol concentration (2.2.).

Under the predefined conditions seven of nine selected strains were able to
degrade phenol in complete medium up to 500 mg/l of phenol. The reported
degradation rate of P. putida considerably varies in literature depending on the
experimental setup; a maximum phenol concentration of 1200 mg/L was
reported. A. awamori and B. licheniformis were unable to degrade any phenol.
Further experiments will answer the questions whether medium stress or
immobilisation of these cells respectively could influence the partially expected
biodegrading capacity. For different Bacillus genus (B. brevis and B. ceris)
biodegration of phenol has been specified [7, 21, 22]. The degradation capacity
and rate of R. erythropolis was the highest of selected organisms (Table 1). The
yeast C. parapsilosis showed the highest optical density (data not shown) during
the growth experiments. Therefore C. parapsilosis is suited for model organism
to produce biomass from phenol.

Degradation for five out of six strains occurs during exponential growth
phase. Only C. necator degraded phenol during exponential growth phase
(Figure 2). The detection of how the strains metabolize phenol has a drastic
influence on the process parameter. Type-I degradation is optimally combined
with a fed-batch process whereas type-Il cells are suitable for steady state
condition and/or immobilization of the cells respectively. Degradation rate of
type II is directly linked to the maximally achieved biomass concentration
whereas the degradation rate for type I is independent of that.

At higher phenol concentrations (= 500 mg/l) the degradation was affected
considerably which were evident from the distinct /ag phases observed during
the degradation. However lag phase might be reduced through increasing
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inoculum volume (data not shown). These observations could be due to the toxic
effect of phenol at high concentrations inhibiting phenol degradation as a result
of culture death (Banerjee et al. [23]).

Products generated in a bio-fermentative process can be generally classified
according to their extracellular or intracellular origin. Expected problems during
the process development due to isolation, extraction and purification of the
proteins entail reduced protein activity and stability.

In the present study we are able to produce two of three expected products via
bio fermentation using phenol as a metabolized source (3.2.). The functionality
of the biorefining concept using bio-fermentative processes as a converter of
intermediates to products was proven. The main problem in using that
technology concept is nevertheless the cost effectiveness. 2 g/l of PHB using
500 mg/l of phenol as substrate was extracted after 24-h fermentation. Having
calculated the yield-space-coefficient of this fermentation it would be obvious
that the process so far could not compete with other commercial processes [24].
These selected growth conditions of the present experiments are considered to be
ideal for the selected cells whereas modified conditions could result in a reduced
yield-space ratio.

Further experiments will answer questions about the influence of the
biodegradation rate using genetically modified cells, submerse or immobilized
cells and/or medium composition respectively. First experiments using mineral
medium as a substrate show that the growth rate in the exponential phase is
comparable whereas the maximally achievable optical density is less (data not
shown). These observations are beneficial for all of the type-I degradation type
cells.

The cost effectiveness of the presented concept is closely related to the
selected product, the output substrate and to the entire refinery process.
Nevertheless, biopolymers, cell biomass in general or other components
produced in a bio-fermentative process have a great potential of serving as a
precursor in further industrial processes in the field of food and resource
technology.
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Abstract

Food security can be defined in terms of availability, access, and use of food.
The study assesses whether the measures taken by Addax Bioenergy in the
Makeni community in Sierra Leone are effective and sufficient to ensure food
security locally as well as regionally. Land and water availability, agricultural
intensification and infrastructure, self-sufficiency/market dependency and
alternative income options have been identified as the main factors affecting
food security in the project area. The main measures employed by Addax involve
the use of an ‘environmental, social and health impact assessment’ (ESHIA) to
identify and propose measures to mitigate any impacts that would adversely
affect the food security of the region. The results show that the proposed
measures for mitigating negative impacts on food security are in some instances
inappropriate and inadequate, leaving the affected communities exposed to risks
and shocks of food insecurity. It is also found that the insufficiency of mitigation
measures is a result of weak governance and lack of oversight that may leave the
community at the mercy of Addax Bioenergy.

Keywords:  food security, impact assessment, Sierra Leone, Addax biofuel
project, local community, land sufficiency, agriculture.

1 Introduction

Surging oil prices and concerns about climate change have led to the search for
alternative and more sustainable energy options. Among these options is biomass
based energy, so called biofuels. This has led to an increased demand for feed
crops for production of ethanol and biodiesel. In turn, eyes have turned to areas
that have large amounts of cheap available land for agriculture with suitable
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