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Abstract-Biodegradation data for the growth of Stock purel amixed cultures of Pseudomonas aeruginosa
and Pseudomonas fluorescens on diesel oil have dresgized using the concept of true energetic yaeld
maintenance energy based on re-parameterized Ptslel. The true biomass energetic yietgax was
estimated as 0.230, 0.380 and 0.190 for P. aerggin®. fluorescens and their mixed culture, respelst
Also, the maintenance requirements, (day*) obtained were 0.588, 0.634 and 0.551 for P. aiersg, P.
fluorescens and their mixed culture, respectivéiig result of this work showed that relatively lgh
percentage degradation result from organism witlvdo true biomass yield and maintenance requirement
and also reflected the possibility of a synergyMaein the two organisms since the mixed culture tpaver
values of biomass yield and maintenance requirenveen compared with the values obtained for the pur

cultures.
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Introduction

The application of a biotechnological process
involving microorganisms (biodegradation) has begom
gradually increasing area of study in biochemical
engineering, because of its increasing potentiasal¥ing
the problems of hydrocarbon pollutants in the esrvinent.
This process of remediating and restoring the cointated
environments is known as Bioremediation. Bioremiaiia
has become an accepted technology for restoration o
hydrocarbon contaminated sités! because of its cost-
effectiveness and eco-friendly natlife As a result of this,
hydrocarbon utilizing microorganisms play importasie in
the remediation or restoration of hydrocarbon comated
environments and in hydrocarbon transformationsthe
petrochemical industry. A large number of microlsipécies
(bacteria, cyanobacteria, fungi, algae, protozohichv are
capable of utilizing hydrocarbon as source of carlbad
energy have been identified and isolatté¥ ®.The most
important species of oil degraders belonged togreera of
[gaf:teria among which are Acetobacter and Pseud@nona

Pseudomonas has been widely studied because of
their amazing metabolic diversity within the gerarsd is
widely distributed in nature. Previous research ksoon
degradation of organic compounds probably contagrem
citation on Pseudomonas strainB. (@eruginosaand P.
fluoresceny than any other bacteria genus. However,
literature is sparse concerning the abilitie$?oferuginosa
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and P. fluorescendo degrade hydrocarbons. Most of the
experiments have been carried out on the activités
microbes at the biological level such as measurérén
respiration, enzymic activities, and microbial ctsyiut not
much information regarding the material and energy
balances such as substrate utilization product dtom,
growth and energetic yields and maintenance energy
(21119201 These parameters are the underlying phenomenon
in converting organic compounds to various products

Moreover, the capability of microorganisms to
degrade hydrocarbon can be measured through aaiitiyr
substrate utilization, and product formation. Theiet
biomass yield (a growth yield) and maintenance irequent
are equally important parameters used to charaetdhe
growth of a microbe on any mediun®®. From
bioenergetics point of view, the better microorgamifor
biodegradation should have higher true biomassgetier
yields and less energy for maintenance followechigher
rate of substrate utilizatidh*>%"!

There have been several reports on diesel oilsspill
in the environment, and the process of their biediation
has not been fully developed due to high contenpaly-
nuclear molecules in the diesel oil, which have ensidvery
refractory to microbial attack!. The objective of this study
is to evaluate the true biomass yield and maintemamergy
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of P. aeruginosaandP. fluorescen®n diesel oil using pure

Overview of Method of Estimation of True Yield and
Maintenance Coefficient

When the products formed are viewed as essential
for the generation of Adenosine triphosphate, (ATP)
necessary for the growth and maintenance of the
microorganisms, then the electrons which are teared
from the substrate to the products are viewed asgbe
?4>]<pended to provide energy for growth and maintea&f

Pirt (1965) has identified a model which relatesvgh
yields and the specific growth rate, and this mddelthe
growth process which is based dhe Monod kinetic
equation is dependent on the substrate uptake.Maisd’
model is that makes more biological as well as eratitical
sense (Solomoet al.,1994) as shown
max
qs :qs—S 1
(k,+3)
Based on the assumption that for a given amouhbtavhass
the maintenance energy is constant and indeperdehe
growth rate(Pirt, 1982),the rate of energy consumption is
given by

qS: /Jax+MS 2
%

The equation can be re-parameterized in energetiost
using the concept of available electron balancéobews
(5101829 Erom this equation, estimates of true biomasis yie
and maintenance energy can be made.

ﬁ: l;lnax+MS 3
non

Material and Methods

This section discussed the basic materials and also
the method used in carrying out the experiment.ciSto
culture of P. aeruginosaand P. fluorescens which are
coded National Collection of Industrial Bacteriago8and,
NCIB950 and 3756 respectively were obtained from
Department of Microbiology, Obafemi Awolowo
University, lle-Ife, Nigeria. Diesel oil was obteid from
African Petroleum Filling Station in lle- Ife Niger
Equipment used include New Brunswick Environment
Controlled Incubator shaker, Astell Heavson Moded 94
SBV autoclave, Gallenkamp Centrifuge of 5 x> 1®m
capacity and M2QOI Visible Spectrophotometer Camspec
Cambridge.

The culture media was composed according to
Zhanget al. (2005). The compositions of this mineral salt
medium were (gf) NaHPO, 12H,0 (3.0), KHPO, (3.0),
MgSQ, (0.2), FeSQ 7H,O (0.001), CaGI2H,0O (0.1), NaCl
(1.0), KCI (1.0), NaN@ (4.0) and 2.0 ml of trace element
solution of whose composition (Bl was HBO; (0.15),
ZnSQ, 7H,O (0.75), NaMoQ2H,O (0.05), MnSQ H,O
(0.75), CuSQ@5H,O (0.075), FeGbH,O (0.08) and
CoCb.6H,0 (0.08).

From the stock culture obtained, a loop of cells
was transferred to 100 ml conical flask containb@ ml
mineral salt medium and 1%(v/v) of diesel oil akestarbon
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and mixed cultures.

source. This was done separately for each orgaaisth
incubated in rotary shaker (200 rpm) for 32 hour3CiC to
obtain primary cultures. The secondary -culture were
prepared by transferring 25 ml of the cultures%and fresh
medium and incubated in 100 ml conical flasks m ibtary
shaker (200 rpm) for 14 hours at°80 Inoculums for the
experimental runs were taken from the secondarjuiasd,
with the view that exponential growth phase is yfull
established. The biodegrading abilities of these
pseudomonas species on diesel oil, in pure and dnixe
cultures were tested in 250 ml mineral salts medium
containing 3-5% (v/v) diesel oil, and 50 ml of inbems.
The set ups, which were in duplicate, were incubade
28°C on a New Brunswick Gyratory Shaker at 200 rpm for
14 days. Samples were withdrawn at two days intdora
analysis to obtain the dry biomass concentratiom an
concentration of the diesel oil. The average vakmecific
growth rate and biomass energetic yield of the detee
tended kinetic models to obtain the parameters sagh
required for this study.

Results and Discussion

Microbial Growth and Biodegradation of Diesel Oil

From the experimental report it was observed thattivo
microbes, P. aeruginosaand P. fluorescensgrew and
degraded the diesel oil within the condition of the
experiment. Moreover, it is, also observed fromgpecific
growth rate and the specific rate of substrate wapion
which were calculated for each of the organisms tiedt
mixed culture that the specific growth rate, generally
decreases as the specific rate of substrate comigummp,
decreases. This is shown in Figure 1-3. This igmdication
that the growth rates of the organisms were direct
consequence of substrate consumption. This is airesq
condition®?718%g tend the data obtained to the models
for the analysis of the true biomass growth yieldd a
maintenance energy.

Biomass True Yield and Maintenance Requirement of
the Organisms

The estimation of the true yield and maintenanargnare
obtained using equation (3). The regression ofptlo¢s of
inverse of biomass energetic yieldsagainst the inverse of
the specific growth ratej yielded the true biomass
energetic yield, and maintenance energies. Thétfesuhe
analysis is presented in Table 1.

It was observed from Table 1 that the higher the
value of the biomass energetic yield, the highee th
maintenance energy requirement. This was so shecgield
factor is strongly influenced by the substrate nesquent for
cell maintenance as explained by Abbot and Claréii3).
The Nmax IS independent of the growth rate. Both thg
and M. depend on the species being considé&fédt could
be explained therefore, that there are more availab
electrons which are not transferred to oxygen lssumed
incorporated into biomass yield i fluorescenghan inP.
aeruginosaand their mixed culturé®. This resulted in
higher value ofnn.for P. fluorescenghanP. aeruginosa
and their mixed culture. But more available eleasr@re
transferred to oxygen rather than biomass in thgedi
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culture of P. aeruginosaand P. fluorescensresulting in a
lower value off,o for the mixed culture.

The synergetic metabolism, usually obtained from
mixed culturing, has induced a non-stressful mdisimoof
the substrate (diesel oil). This was indicatedhie smaller
value of maintenance energy requirement obtainedhfe
mixed culture oP. aeruginosaandP. fluorescensn diesel
oil 1. However, as obtained in this resit,fluorescenfias
more stressful metabolism (larger value of) Mhan P.
aeruginosan the biodegradation of diesel oil.

Conclusion

The growth rates of the organisms on the diesel oil
are observed in the setups to be as a direct coeseq of
substrate consumption. The results obtained duthmey
analysis of the yield factor and the maintenancergyn
showed that thoughP. aeruginosa had less stressed
degradation of the diesel oil when compared Ro
fluorescensbut their mixed culture outperformed the pure
cultures. The mixed culture gave the lowest valfighe
maintenance energy which could be an indicatiorthef
least stressful metabolism in the degradation ef dresel
oil.
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Table 1: Estimates of True Biomass Yield and M aintenance Coefficient for the Growth of P. aeruginosa, P. fluorescens and
their mixed culture.

Parameters P. aeruginosa P. fluorescens Mixed culture
True biomass ener getic yield, n™ 0.230 0.380 0.190
M aintenance Energy, M. (day™) 0.588 0.634 0.551
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Figure 1: Plot of Specific Biomass Growth rate and Substrate Consumption rate of P. aeruginosa on Diesel Oil
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Figure 2: Plot of Specific Biomass Growth rate and Substrate Consumption Rate of P. fluor escens on Diesel Oil
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Figure 3: Plot of Specific Growth and Substrate Consumption Rate of Mixed culture of P. aeruginosa and P. fluorescens
on Diesdl Qil
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