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A kinetic model that describes microbial growth, biopolymer production and substrate consumption is
used to predict the performance of batch fermentation of Hydrogenophaga pseudoflava. H. pseudoflava
DSMZ 1034 is useful in synthesizing polyhydroxyalkanoates (PHAs).The experimental data was also
fitted with the logistic equation that can provide adequate description for PHA synthesized by H.
pseudoflava. The Lineweaver-Burk plot defined biokinetic coefficients which were described by a
simplified Monod’s rate model. The specific growth rates, y,,.x and the Monod constants, K, for various
substrates such as glucose, fructose were 0.36, 0.24, h' and 106, 80 g/l, respectively. A good agreement
was found between the experimental and the predicted values, which indicated that the model with
differential equations would describe fermentation process for the PHA formation.
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INTRODUCTION

Polyhydroxybutyrate (PHB) is a biopolymer that can be
used as a biodegradable thermoplastic material for waste
management strategies and biocompatibility in medical
devices (Gouda et al, 2001). The viability of microbial
large scale production of PHB is dependent on the develop-
ment of a low cost process that produces biodegradable
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Nomenclature: S, Substrate concentration (g/ 1); S, initial
substrate concentration (g/ 1); t, ferment time (h); X, cell
concentration (g/ 1); Xm, maximum cell concentration (g/ I"); Xo,
initial cell concentration (g /1), Ks, monod constant (g/l); Yxs,
yield factor for cells on carbon substrate (g cells/ (g substrate));
Yess, yield factor for product on carbon substrate (g
polyhydroxybutyrate /(g substrate)); pm, maximum specific
growth rate (1/h); p, specific growth rate (1/h); PHAs,
polyhydroxyalkanoates; PHB, polyhydroxybutyrate; CDW, cell
dry weight; GC, gas chromatography; FID, flame ionization
detector.

plastics with properties similar or superior to petro-
chemical plastics (Doi and Steinblchel, 2001; Sims, 2003;
Apostolis et al., 2006) .The commercial production of PHB
has been using relatively cheap substrates such as methanol,
beet molasses, ethanol, starch and whey ( Sharifzadeh et
al., 2009 a, b; Kim, 2000; Ghaly et al., 2003), cane molasses
as a sole carbon source (Gouda et al., 2001), wheat
hydrolysate and fungal extract (Apostolis et al., 2006) or
soy cake (Fabiane et al., 2007). Various nitrogen-rich
media, such as casein hydrolysate, yeast extract, typtone,
corn steep liquor and collagen hydrolysate (Khanna and
Srivastava, 2005), have been used in PHB bio-conversions
using either Hydrogenophaga pseudoflava recombinant
Esche-richia coli strains. However, unrefined carbon sources
such as corn syrup, cane molasses, beet molasses, or
malt extract, also support PHB formation, obtaining yields
of PHB comparable to, even better than the refined sugars.
Polyhydroxyalkanoates (PHA) production by wild type
bacterial strains occurs under nutrient depletion conditions.
In the PHA production phase, the cell growth is limited
owing to the depletion of essential nutrients such as nitrogen,
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phosphorus, magnesium, among others.

This depletion in the presence of excess carbon source
triggers the metabolic shift from growth to PHA production
phase. H. pseudoflava has been used for optimal pro-
duction of PHB, a homopolymer that is accumulated
under nitrogen limitation (Morinaga et al., 1978). Azoto-
bacter beijerinckii produces PHA under oxygen limitation
compared to nitrogen or from fermentation of different
carbon sources (Valappil et al., 2007; Kumar et al., 2007;
Labuzek and Radecka, 2001). PHA production is a
complex process wherein the final quality and quantity of
the product yield depends on the strain, metabolic
pathway involved, fermentation parameters, PHA production
phase (stationary, throughout growth), carbon source and
nutrient depletion condition required for PHA synthesis. In
order to optimize PHA fermentation process, the kinetics
of PHA production in H. pseudoflava has been examined
in the present work. Useful kinetic model for biopolymer
synthesis could include balances on cell mass, product
concentration, substrate utilization and a single limiting
substrate (Divyashree et al., 2009). One of the very
important practical applications of this model is the
evaluation of the product formation kinetics. Mathematical
models facilitate data analysis and provide a strategy for
solving problems encountered in fermentations. Information
on fermentation process kinetics is potentially valuable
for the improvement of batch process performance.
Finally, the product yields and substrate conversions are
criteria with the main attention toward productivity. The
Monod kinetic model used for PHAs production is
described by the following equation:
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Where, y is the specific growth rate (h'1), S is substrate
concentration (g/l) and the terms Ks and p,, are defined
as Monod constant (g/l) and maximum specific growth
rate, respectively.

The most active part of the cell growth curve is the
exponential (log) phase which is used for the deter-
mination of kinetic parameters. The log phase is a period
of balanced growth, in which all components of a cell
grow at the same rate (Divyashree et al., 2009). Malthus
model was also used for the cell growth behavior. The
derivatives for biomass generation with respect to time, is
related to specific growth rate which is defined as follows
(Divyashree et al., 2009):
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Where, X is the cell mass concentration (g/l) and tis time
(h). By separation of variables and integrating Equation 2
yields:

X
ILn E = ut (3)

Where, X is biomass concentration with respect to time
and X, is the initial biomass concentration.

The substrate and product inhibitory effect on cell
growth has been investigated in the literature (Najaf pour,
2007). The cell growth rate was evaluated based on
growth Kinetics. Logistic equation was a suitable kinetic
model for prediction of growth curve. The specific growth
rate is predicted by Logistic model presented by Equation
4,

Py
= m(1—-) (4)
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Where, X is the maximum cell dry weight concentration
(g/1). By substitution of Equation 4 into Equation 2 and
performing integration, the following equation for the cell
concentration was obtained (Khanna and Srivastava, 2005):

X, exp(pmt)
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The above equation was used to predict the cell growth in
batch experiments. In this research, inoculation volumes
were kept constant for batch experiments. The logistic
model was a good approximation of the growth curve.
Matlab (V 7.4) computer software was used to define
logistic growth kinetic parameters.

The purpose of the present research was to investigate
the effect of various carbon sources such as glucose,
fructose on biopolymer production. Kinetic parameters for
the cell growth were determined.

MATERIALS AND METHODS
Microorganism

The microorganism used in the present study was H. pseudoflava
DSMZ 1034 (Deutsche Sammlung von Mikroorganismen und
Zellkulturen) for culture propagation. The stock culture was stored
and maintained on Luria agar slants at 4°C. The organism was sub-
cultured every 15 days to maintain its viability.

Media

Glucose and fructose were used as standard substrates. Seed
culture and fermentation medium were the same with the following
contents: 3.57 g Na,HPOy,, 1.35 g (NH,4).SO,4 and 0.5 mL trace element
solution and 1 L distilled water. Different amounts of glucose and
fructose were used in fermentation medium but 10 g of it was used
in seed culture. Trace element solution contents were 2 g MgSQy, 1
g FeS0y4, 0.8 g MnSO4, 4 g KoSOy4, 0.2 g H3BO3 and 0.4 g CuSOq in
100 mL distilled water. The media were autoclaved at 121°C for 20
min. Fructose and glucose with specific amount in every test was
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Table 1. Kinetic parameters for the PHB production with various carbon

sources.
Carbon source Glucose Fructose
Sugar consumed (%) 56 59
Maximum biomass yield g/g) 0.53 0.69
Maximum product yield (g/g) 0.25 0.17
Monod constant Ks (g/1) 106 80
Monod pmax (h™) 0.36 0.24
Logistic pmax (h™) 0.18 0.14

autoclaved in a separate container. The mineral and sugars solutions
were mixed prior to inoculation. The media was adjusted to pH 7.0
by 1 M NaOH.

Experimental conditions

Stock culture in slants of H. pseudoflava was incubated at 30°C for
24 h. The resultant cultures were transferred into 500 ml flasks
containing 100 ml medium. The flasks were incubated at 30°C and
agitated at 250 rpm for 10, 15, 20 and 30 h, to investigate the effect
of the seed age on biopolymer production. The inoculum size was
5% of the medium. Then, the incubation temperatures were set at
the following conditions: temperature at 30°C, agitation rate of 250
rpm according to (Sharifzadeh Baei et al., 2009). For the above
experimental conditions, the cell dry weight (CDW) and PHAs
accumulation inside the cells were investigated.

Cell dry weight

The cell concentration in the cultured media was determined by the
cell optical density at wavelength of 620 nm using spectrophotometer
(UNICO2100, USA) with distilled water for suitable dilution. The cell
dry weight was also measured based on standard calibration curve
for cell optical density absorbance as a function of cell dry weight
for the pure cultured of H. pseudoflava

Carbohydrate concentration

The supernatant obtained from centrifuged solution was used for
residual nutrient analysis including total carbohydrates according to
the method developed by reduced sugar analysis using 3,5-
dinitrosalicilic acid (DNS) method (Miller, 1959).

Biopolymer analysis

For PHB quantification, 5 ml of culture broth was centrifuged at
3600 rpm for 20 min. A 2 ml solution of chloroform and 2 ml of
acidified methanol (3% sulfuric acid) were added to the cell pellet in
a vial with Teflon screw cap and heated at 100°C for 3.5 h. The
developed extraction method was based on experimental method
developed by Braunegg et al. (1987).

Gas chromatography (GC) was performed using a gas chromatograph
(Philips PU4400, US) equipped with flame ionization detector (FID)
and data acquisition system with computer software (Clarity 4.2,
Data Apex, Czech Republic). The GC was used for the methyl-3-
hyroxybutyrate (3 HB) analysis. The GC was equipped with
capillary column (BP20 SGE, Australia), 0.33 mm internal diameter
and 25 m length. The column temperature was initially maintained

at 80°C for 4 min, followed by the temperature programming at a
rate of 8°C/min till it reached 160°C, maintained for 3 min and then
at a rate of 30°C/min increased to 200°C. The detector and injector
temperatures were 280 and 250°C, respectively. The carrier gas
used were helium with a flow rate of 1.5 ml/min. Hydrogen and air
flow rates were 30 and 300 ml/min, respectively. The injection
volume size was 1 pl of the prepared samples.

RESULTS AND DISCUSSION

PHB production was carried out in batch fermentation by
H. pseudoflava. Glucose, fructose and molasses were
employed to provide the desire concentrations of substrate
in the fermentation media. The optimum bacterial growth
leads to optimum PHB accumulation which was dependent
on the composition of the fermentation media. Growth
kinetic data for H. pseudoflava was obtained. The kinetic
parameters for the PHB production with various carbon
sources are summarized in Table 1.

Figure 1 shows glucose consumption and PHB production
and CDW with respect to 96 h incubation time. At
optimum conditions 30°C, agitation rate of 250 rpm and
incubation period of 48 h, maximum PHB concentration of
2.65 g/l was obtained.

Fructose as a carbon source was experimented for
PHB production. At media optimum conditions and
incubation time of 96 h, maximum PHB concentration of
1.6 g/l was obtained (Figure 2). Figure 3 shows Malthus
kinetic model was well fitted with the experimental data.
The fitted line for fructose and glucose were very close to
each other. This graph corresponds to Equation 3 which
represents the variation of the logarithm of cell
concentration with respect to incubation time.

The Lineweaver-Burk plot, double reciprocal plot for
Monod kinetic model is shown in Figure 4. The model
was used based on experimental data obtained for
substrate consumption with respect to incubation time.
There was a good agreement between experimental
data. The rate data for glucose was more promising while
maximum PHB production rate (0.28 g/lh) was obtained.
The growth pattern for the microorganism was exactly
followed by Logistic model, as the fitted data are
presented in Figure 5. Maximum cell concentration was
about 18 g/l for fructose incubated at 96 h.
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Figure 1. The concentration profiles of cell growth, consumption of glucose and biopolymer (PHB) production at 30°C and

agitation rate of 250 rpm.
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Figure 2. The concentration profiles of cell growth, consumption of fructose and biopolymer (PHB) production at

30°C and agitation rate of 250 rpm.
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Figure 3. Malthus kinetic model fitted with experimental data.
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Figure 4. Lineweaver-Burk plot fitted with experimental data.
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Figure 5. Logistic kinetic model fitted with experimental data.
Conclusion Divyashree M, Rastogi N, Shamala T (2009). A simple kinetic model for

Mean experimental data of batch cultivation were used to
predict kinetic parameters. Among the models and
substrate utilized by H. pseudoflava, the best model fits
well (R? = 0.95) with glucose utilization by Logistic equation
to predict biomass growth. Besides that any inhibition
may be predicted by the same model, H. pseudoflava
showed high growth rate in fructose-based medium as
compared to the media contained glucose. In the medium
contained glucose as carbon source, the maximum
specific growth rate was projected by the Monod kinetic
model was obtained. The PHB yield was 0.23 g PHB/g of
substrate. It was concluded that the maximum biomass
yield was obtained with fructose as carbon source.
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