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Abstract: Batch cultures of Azohydromonas lata DSMZ 1123, Hydrogenophaga pseudoflava DSMZ 1034,
Cupriavidus necator DSMZ 545 and Azotobacter beijinckii DSMZ 1041 were investigated for producing the
intracellular bioplastic poly- -hydroxybutyrate (PHB).The effects of temperature, seed age, type of carbon
sources and the agitation rate on the production rate of PHB were investigated using four mentioned spices.
The optimized shaking rate, temperature and seed age were obtained 250 rpm, 30°C and 15 hrs for H.
pseudoflava DSMZ 1034 and A. beijerinckii DSMZ 1041 and 18 hrs and 24 hrs for A. lata DSMZ 1123 and C.
necator DSM 545, respectively.The effect of carbon sources including glucose, fructose, whey and molasses
on biopolymer production rate were studied in this investigation. The maximum productivity of PHB production
using fructose as a carbon source was obtained after 72 hrs by C.necator DSMZ 545. In this case, the maximum
cell dry weight (CDW) and produced polyhydroxybutyrate were 10.2 g.L  and 5.8 g.L , respectively.1 1

Key words: Biopolymer, Poly- -hydroxybutyrate (PHB), Biodegradable, Bioplastic, Batch fermentation,
Polyhydroxyalkanoate

INTRODUCTION thermoplastics,  such  as  polypropylene   [4].  Therefore

The search for biodegradable plastics had led to some more traditional, non biodegradable polymers.
number of partially and completely biodegradable Wider use of PHB, primarily as polymer blends, is
products. Amongst all, microbially-formed expected [5]. Such blends will greatly increase the
polyhydroxyalkanoates (PHAs)   offer   much  potential spectrum  of  possible  applications  by  expanding  the
for significant contributions as "bioplastic". range of available physical properties [6, 7]. PHB in

Poly ( -hydroxybutyrate) (PHB) is  the  most  wide combination with other biocompatible and nontoxic
spread and thoroughly characterized PHA found in polymers, would also have an enhanced scope in
bacteria. biomedical applications [8- 10]. 

Poly  ( -hydroxybutyrate)  (PHB) is an intracellular Recently, PHAs that contain 4 hydroxybutyrate (HB)
microbial  thermoplastic  that  is  widely  produced by monomer have been found to have desirable mechanical
many bacteria [1- 3]. In terms of molecular weight, properties for applications in the medical field, especially
brittleness, stiffness, melting point and glass transition in cardiovascular research. PHB has been successfully
temperature,   the   PHB   homopolymer   is  comparable to applied in the tissue engineering of tri-leaflet heart valve
some of the more common petrochemical-derived in a sheep model [11, 12].

in   certain   applications,   PHB   can   directly  replace
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Because PHB is resistant to water and ultraviolet NH Cl: 1, NaHCO : 0.5, KH PO : 2.30, Na HPO . 2H O:
radiation and it is impermeable to oxygen, it is especially
suited to use as food packaging. PHB is readily
biodegraded in soil. Moreover, it can be processed by
using the same technology that is currently used in
making polyethylene or polypropylene components [13].
PHB has been used in surgical sutures and other uses are
in developments [14]. The high price of commercial grade
PHB is about 15 folds greater than comparable synthetic
plastics and limits its use to specialist niches [15]. Wider
use of PHB requires a less expensive product, hence
improved fermentation strategies, low cost media and
easier downstream recovery methods are needed [16].

In the present study, batch cultures of A. lata DSMZ
1123, H. pseudoflava DSMZ 1034, C. nector DSMZ
545and A. beijinckii DSMZ 1041 were investigated for
producing the intracellular bioplastic poly- -
hydroxybutyrate (PHB). In other words, this research
aimed at increasing the cell density and production of the
biopolymer PHB by these spices using renewable and
inexpensive bio-resources as a substrate.

The major problem associated with the industrial
production of PHB is its high production cost [17]. In the
present study, the effect of four carbon sources including
glucose, fructose, whey and molasses on PHB production
by above mentioned four different species were
investigated and compared.

The optimum temperature, shaker speed and seed age
were obtained and the amount of produced biopolymer
was modeled using RSM algorithm and the mean square
error values were calculated for the four species. The
kinetics of the produced PHB polymer was modeled using
Leudeking -Piret model together with a combined novel
Logestic-Maltus for the growth kinetics where the
maximum PHB was produced by C. necator DSMZ 545
using fructose as the carbon source. 

MATERIALS AND METHODS

Microorganisms and Culture Conditions: The used
microorganisms H. pseudoflava DSMZ 1034, A. lata
DSMZ 1123, C. necator DSMZ 545, A. beijinckii DSMZ
1041 were obtained from DSMZ Company, Germany.
They were stored and maintained on Luria Agar slants at
4°C. The organisms were subcultured every 15 days to
maintain their viability. This subculturing was carried out
for having fresh media for getting maximum productivity
from growth cell. 

All of mentioned four spices were grown on the
medium having the following composition (all
concentrations are in g.L  ) : 1

4  3 2 4 2 4 2

2.90, MgSO .7H O: 0.5, CaCl . 2H O: 0.01, Fe (NH )citrate:4 2 2 2 4

0.05, trace elements solution: 5 mL of the solution
contained ( g.L ): ZnSO 7 H O: 0.08, MnCl . 4 H O: 0.03,1

4. 2 2 2

H BO : 0.3, CoCl . 6 H O: 0.2, CuCl .2 H O: 0.01, NiCl .63 3 2 2 2 2 2

H O: 0.02, Na MoO . 2 H O: 0.03, Fructose, glucose, whey2 2 4 2

and molasses as the carbon sources were added distilled
water up to 1000 mL. The mineral salts including: CaCl .2

2H O, MgSO . 7H O and NH Cl were autoclaved together2 4 2 4

at 121°C for 20 min and the other components were
autoclaved separately. After cooling of the media, the
autoclaved ingredients were mixed in sterile condition and
the inoculums of the microorganisms from the stock
culture in slant form were carried out [3]. The media was
incubated at 30°C for 24 hrs. A 1000 mL flask containing
200 mL of culture was used and 10 ml of the seed culture
was added and mixed at 180 rpm using a shaker incubator
at 30°C for 5 days [18, 19]. 

The Cell Dry Weight (CDW) Measurement: the Rate of
absorbance of CDW was measured by the cell optical
density at the wavelength of 620 nm using
spectrophotometer (UNICO2100, USA) after decimal
dilution with distilled water [20]. Then the CDW was
determined based on standard calibration curve of
absorbance as the function of CDW for the pure culture
of the each four microorganisms.

Determination of Reduced Sugar Concentration: 5 mL of
culture broth was centrifuged at 5000 rpm and then the
supernatant was used for residual nutrient analysis
including total sugar.

The method is based on the total reducing sugar
using dinitrosalycilic acid (DNS) reagent [21]. The rate of
absorbance of solution including 1 ml of supernatant and
1 ml of DNS was measured by the cell optical density at
wavelength of 540 nm using spectrophotometer
(UNICO2100, USA) after decimal dilution of supernatant
with distilled water. The concentration of carbohydrate
was determined based on the standard calibration curve
of the used carbohydrate source.

The Biopolymer Extraction: The extraction of the
biopolymer was conducted according to the method
developed by Braunegg [22]. In order to determine the
amount of the polyester, 5 mL of culture broth was
centrifuged at 5000 rpm for 20 min. A solution of 2 mL of
chloroform and 2 mL of acidified methanol (3% sulfuric
acid) were added to the cell pellet in vial with teflon screw
cap and heated at 100 °C for 3.5 hrs. After heating, the cell
pellet was left for one hrs in the room temperature and
then the three phased solution is observed.
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The last phase is removed for biopolymer analysis. 1 DSMZ  1123  and  C.  necator  DSM  545,  respectively.
mL of the bottom phase is transferred to the cell pellet in The decreasing of PHB concentration and cell growth was
a vial with teflon screw cap and was used for GC analysis observed by further increasing of seed age.
[14].

The Biopolymer Analysis: The biopolymer analysis was Rate of the Four Spices: The PHB concentration was
performed using a gas chromatograph (Philips PU4400, measured using glucose, fructose, whey and molasses as
USA) equipped with flame ionization detector (FID) and carbon sources, respectively. To investigate the effect of
data  acquisition  system  with  computer  software different carbon sources on growth and PHB production,
(Clarity 4.2, Data Apex, Czech Republic) used for the the same culture composition mentioned previously was
methyl-3-hyroxybutyrate (3HB) analysis. The capillary used containing glucose, fructose, whey and molasses,
column (BP20 SGE, Australia) with 0.33 mm internal respectively.
diameter and 25 m length was used. The column
temperature was initially maintained at 80°C for 4 min The Effect of Glucose as the Carbon Source on the
followed by a temperature program at a rate of 8°C.min Amount  of  PHB  Production  by  the  Four  Spices:1

up to reaching to 160°C maintained for 3 min and then at Figures 4.a, 4.b, 4.c and 4.d show the effect of using
a rate of 30 °C.min  and then the temperature is increased glucose as the carbon source for mentioned four1

to 200 °C. The detector and injector temperatures were investigated spices, respectively. Glucose enhances the
280°C and 250°C, respectively. The gases used were production  of  hydroxybutyrate  monomer  in  media.
helium as the carrier gas at a flow rate of 1.5 mL.min , After 48 and 72 hrs, the concentration of  glucose  was  231

hydrogen at 30 mL.min  and air at 300 mL.min  flow g.L and 30 g.L  and the concentration of consumed1 1

rates. The injection volume size was 1 ìL of the prepared glucose was 17 and 20 g.L for H. pseudoflava DSMZ
sample [23]. 1034 and C. necator DSMZ 545, respectively. The

RESULTS g.L  and the maximum concentration of biopolymer was

The Effect of Temperature on the Growth Rate of the C. necator DSMZ 545, respectively.
Four Spices and Phb Production: Figures 1.a, 1.b, 1.c and After 36 hrs and 72 hrs the accumulated amount of
1.d show the effects of different culture temperatures on glucose were 36 g.L  and 20 g.L , while the consumed
growth and PHB production rate. The results was glucose were 4 g.L  and 20 g.L  and the maximum rate
indicated that at 30°C the maximum produced biopolymer of biomass was 17.3 g.L  and 10.5 g.L  and the maximum
concentration ( 4.5 g.L ) was observed. concentration of biopolymer was 2.9 g.L  and 4.1 g.L1

The effect of the agitation rate on the four species growth respectively.
rates and PHB production: The effect of the agitation rate
on the growth rates of the four species and PHB The Effect of Fructose as the Carbon Source on Phb
production are shown in Figure 2.a, 2.b, 2.c and 2.d. Both Concentration by the Four Species: Figures 5.a, 5.b, 5.c
cell growth and PHB production was increased up to 250 and 5.d show the using of fructose as the carbon source
rpm of shaking rate for four investigated spices. At higher for each of the four  spices.  The  maximum  CDW  was
shaking rate, cell lyses was occurred and accumulation of 18.2 g.L , 4.2 g.L , 14.1 g.L  and 10.2 g.L  and
PHB was started to decrease. produced polyhydroxybutyrate was 1.6 g.L , 4 g.L , 7

The Effect of Seed Age on Cell Dry Wieght of the Four 1034, A. beijerinckii DSMZ 1041, A. lata DSMZ 1123 and
Spices: The effect of seed age on the CDW and PHB C. necator DSM 545, respectively. The available fructose
production by the four spices are shown in Figures 3.a, in the media was 40 g.L , so that 22 g.L  and  14 g.L ,
3.b, 3.c and 3.d. It can be seen that the growth and PHB 20 g.L  of this mentioned amount has been consumed by
accumulation is increased by increasing the seed age up H. pseudoflava DSMZ 1034, A. beijerinckii DSMZ 1041
to 15 hrs for H. pseudoflava DSMZ 1034 and A. and A. lata DSMZ 1123, C. necator DSM 545,
beijerinckii DSMZ 1041 and 18 hrs and 24 hrs for A. lata respectively.

The Effect of the Type of Carbon Sources on the Growth

1 1

1

maximum concentration of biomass was 15.2 g.L  and 21

1

2.6 g.L  and 3.2 g.L for H. pseudoflava DSMZ 1034 and1 1

1 1

1 1

1 1

1 1

for A. beijerinckii DSMZ 1041 and A. lata DSMZ 1123,

1 1 1 1

1 1

g.L , 1.9 g.L  and 5.8 g.L  for H. pseudoflava DSMZ1 1 1

1 1 1

1
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(a) (b)

(c) (d)

Fig. 1: a. The temperature profile of culture media and PHB concentration versus CDW for C. necature DSMZ 545
b. The temperature profile of culture media and PHB concentration versus CDW for H. pseudoflava DSMZ 1034
c. The temperature profile of culture media and PHB concentration versus CDW for A. lata DSMZ 1123
d. The temperature profile of culture media and PHB concentration versus CDW for A. beijerinckii DSMZ 1041

(a) (b)

(c) (d)

Fig. 2: a. Agitation rate and PHB concentration versus CDW for C. necature DSMZ545
b. Agitation rate and PHB concentration versus CDW for H. pseudoflava DSMZ 1034
c. Agitation rate and PHB concentration versus CDW for A. lata DSMZ 1123
d. Agitation rate and PHB concentration versus CDW for A. beijerinckii DSMZ 1041



World Appl. Sci. J., 20 (12): 1713-1724, 2012

1717

(a) (b)

(c) (d)

Fig. 3: a. CDW and PHB concentration versus seed age for H. pseudoflava DSMZ 1034
b. CDW and PHB concentration versus seed age for C. necature DSMZ 545
c. CDW and PHB concentration versus seed age for A. beijerinckii DSMZ 1041
d. CDW and PHB concentration versus seed age for A. lata DSMZ 1123

(a) (b)

(c) (d)

Fig. 4: a. The produced PHB concentration,glucose consumption concentration and CDW profiles as a function of
time for H. pseudoflava DSMZ 1034 

b. The produced PHB concentration, glucose consumption concentration and CDW profiles as a function of
time for C. necature DSMZ 545 

c. he produced PHB concentration,glucose consumption concentration and CDW profiles as a function of time
for A. beijerinckii DSMZ 1041 

d. The produced PHB concentration,glucose consumption concentration and CDW profiles as a function of
time for A. lata DSMZ 1123
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(a) (b)

(c) (d)

Fig. 5: a. The produced PHB concentration, fructose consumption concentration and CDW profiles as a function of
time for H. pseudoflava DSMZ 1034 

b. The produced PHB concentration, fructose consumption concentration and CDW profiles as a function of
time for C. necator DSM 545 

c. The produced PHB concentration, fructose consumption concentration and CDW profiles as a function of
time for A. beijerinckii DSMZ 1041 

d. The produced PHB concentration, fructose consumption concentration and CDW profiles as a function of
time for A. lata DSMZ 1123

(a) (b)

(c)

Fig. 6: a. The produced PHB concentration, whey consumption concentration and CDW profiles as a function of time
for H. pseudoflava DSMZ 1034

b. The produced PHB concentration, whey consumption concentration and CDW profiles as a function of time
for A. lata DSMZ 1123

c. The produced PHB concentration, whey consumption concentration and CDW profiles as a function of time
for A. beijerinckii DSMZ 1041 
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(a) (b)

Fig. 7: a. The produced PHB concentration, molasses consumption concentration and CDW profiles as a function of
time for C. necator DSMZ 545 

b. The produced PHB concentration, molasses together with sodium acetate consumption concentration and
CDW profiles as a function of time for C. necator DSMZ 545 

Table 1: The Comparison of produced PHB concentration production by various microorganisms and substrates 
Carbon Culture DCW PHB PVH

Ph B Producing Strain Substrate time (h) ( g.L ) Concentrate ( g.L ) Concentrate ( g.L )1 1 1

H. Pseudoflava DSMZ 1034 Glucose 48 15.2 2.62 1.1
Fructose 84 18.2 1.6 3.8
Whey 60 16 1.8 2.9

A. lata DSMZ 1123 Glucose 72  10.5  4.1  1
Fructose 60 14.1 1.9 2.2
Whey 72 26 3.6 -

A. beijerinckii DSMZ 1041 Glucose 36 17.3 2.9 0.6
Whey 72 2 3.2 -
Fructose 84 4.2 4.7 3.8

C. necator DSM 545 Glucose 72 2 3.2 -
Fructose 72 10.2 5.8 4.1
Molasses 48 2.7 1.4 -
Molasses +acetate 72 22 2.8 -

The maximum concentration of the produced Molasses  and  molasses together with sodium
biopolymer is obtained after 72, 60and 84 hrs for C. acetate were used as the carbon source for production of
necator DSM 545, A. lata DSMZ 1123 and H. PHB by C. necator DSMZ 545, respectively. The maximum
pseudoflava. DSMZ 1034, A. beijerinckii DSMZ 1041, CDW was 2.7  g.L   and produced polyhydroxybutyrate
respectively. was 1.4 g.L with  using  molasses  as the carbon

The Effect of Whey as the Carbon Source on Phb in the media that is 8 g.L  of the total amount of molasses
Production Rate by the Four Species: Figure 6.a, 6.b and has been consumed by C. necator DSMZ 545. The
6.c show the effect of whey as the carbon source on cell maximum amount of  the  produced  biopolymer are
concentration and biopolymer production. obtained after 48 hrs with  using  molasses  as   the

The maximum CDW was obtained 16 g.L , 26 g.L carbon   sources  by C. necator DSMZ 545 as shown in1 1

and 20 g.L  and the amount of produced Figure 7.a.1

polyhydroxybutyrate was 1.8 g.L , 3.6 g.L  and 2.9 g.L Molasses together with sodium acetate was used as1 1 1

and produced polyhydroxyvalerate was 3 g.L  and 1.4 the combined carbon sources by C. necator DSMZ 545.1

g.L for H. pseeudoflava DSMZ 1034, A. lata DSMZ 1123 The maximum CDW was 22 g.L  and produced amount of1

and A. beijerinckii DSMZ 1041, respectively. The polyhydroxybutyrate was 2.8 g.L . The residual sugar
remaining amount of whey was 30 g.L , 12 g.L  and 15 amount was 30 g.L  in the media that 20 g.L  of this1 1

g.L in the media that is 10 g.L , 28 g.L  and 25 g.L  of mentioned amount has been consumed by C. necator1 1 1 1

the total amount has been consumed by of H. DSMZ 545 (Figure 7.b). Meanwhile, the maximum amount
pseudoflava DSMZ 1034, A. lataDSMZ 1123 and A. of the produced biopolymer are obtained after 72 hrs
beijerinckii DSMZ 1041, respectively. using C. necator DSMZ 545. 

The effect of molasses and molasses together with Table 1 summarizes the effect of the carbon source on
sodium acetate as the carbon sources on PHB production PHB and PHV production by the four different species
concentration by C. necator DSMZ 545 and  the  corresponding culture their and obtained CDW,

1

1

sources. The remaining amount of molasses was 42 g.L 1

1

1

1

1 1
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(a) (b)

(c) (d)

Fig. 8: a. he response surface plot of produced PHB concentration by A. lata DSMZ 1123 as a function of CDW and
glucose as carbon source 

b. The response surface plot of produced PHB concentration by C. necator DSMZ 545 as a function of CDW
and fructose as carbon source 

c. The response surface plot of produced PHB concentration by A. beijerinckii DSMZ 1041 as a function of
CDW and fructose as carbon source 

d. The response surface plot of produced PHB concentration by H. pseudoflava DSMZ 1034 as a function of
CDW and fructose as carbon source 

where the maximum PHB production ( 5.8 g.L  ) was version 7.10 software was used for least square  of  errors1

observed when C. necator DSMZ 545 and fructose was and RSM calculation. Also, the amount of calculated
used. constant factors of equation ( 1 ) including of a, b, c, d, e

Response  Surface   Methodology:   Independent microorganism separately.
variables  are  cell  dry  weight  (CDW),  the  type of
carbon  source  and  its  concentration.  The (1)
concentration  of  produced  PHB  is  the  dependent
variable.  The  optimum  PHB  concentration  was Table 3 shows the rate of correlation coefficient (R ),
obtained  using  response  surface  methodology  (RSM) R  adjusted (R a) and Mean Square Error( MSE) for four
and the  RSM   investigated  PHB  concentration  values investigated microorganisms.
are compared to the experimental results (Fig 8.a, 8.b, 8.c
and 8.d). Specific PHB Production Rate and the PHB Yield from

A second order polynomial model was obtained for Substrate: The PHB yield with respect to all  substrates
PHB concentration predication using the least square of (y ) and specific PHB production rate (Q ), in the
errors algorithm (equation 1) where in the equation1, accumulation phase, are defined as follows:
CDW and sugar concentration as the carbon source are
independent variables(x  and x , respectively) and PHB (2)1 2

concentration (Y) is the dependent variable. Matlab 2010a

and f are shown on Table 2 for four investigated

2

2 2

p/s p



P
PQ
t

∆
=
∆

dP dx x
dt dt

= +

(1 )m
m

dx x x
dt x

= −

.dx x
dt

=

0

0

exp( . )( )
[1 ( )(1 exp( . ))]

m
m

m
m

x tx t t tx t
x
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Table 2: The values of constant factors including of a,b,c,d,e and f parameters in Eq. (1) for four investigated microorganisms

Microorganism a b c d e f

C.nector DSMZ 545 16.849 -2.105 -1.136 0.101 1.67*10-2 7.8*10-2

H.pseudoflava DSMZ 1034 -9.919 0.828 0.442 -1.24*10-2 -5.02*10-3 -1.34*10-2

A.lata DSMZ 1123 9.804 -0.602 -5.71*10-3 4.10*10-3 8.18*10-3 2.48*10-2

A.beijinckii DSMZ 1041 -6.996 0.375 0.335 -4. 56*10-3 -4.02*10-3 -3.51*10-3

Table 3: The value of correlation coefficient (R ) and R  adjusted (R a) and mean square error (MSE) for four investigated microorganisms2 2 2

PH B producing strain Carbon Culture YP/S Culture Qp

Substrate time (h)  (g.g ) time (h) (g.L .h )1 1 1

H. Pseudoflava DSMZ 1034 Glucose 36 0.237 72 0.0805

Fructose 36 0.125 60  0.0183

Whey 48 0.057 72  0.0166

A. lata DSMZ 1123 Glucose 24 0.2 36   0.0352

Fructose 60 0.172  60 0.0316

Whey 48 0.057 72  0.0166

A. beijerinckii DSMZ 1041 Glucose  36 0.725 36                 0.08

Whey  24 0.316 60  0.0433

Fructose  84 0.213 84  0.055

C. necator DSM 545 Glucose  60 0.2 60  0.044

Fructose  60 0.354 72 0.0805

Molasses 48 0.1  48 0.0 183

Molasses +acetate 84 0.875 72  0.038

(3)

Where P and S is the difference between PHB and
substrate(carbon source) concentration at the end and
beginning of  the   fermentation  process, respectively.
The maximum calculated y  and Q  values are shown onp/s p

Table 4 for four investigated microorganisms.

The Kinetic Modeling of PHB Production: Based on the
obtained results (Table 3) concerning the maximum
produced PHB by four investigated microorganisms, the
maximum produced PHB belongs to C.nector DSMZ 545
by using fructose as the carbon source.

The Leudeking -Piret model (Eq. 4) is used for kinetic (5)
analysis of PHB production.

(4)

Where  and  are the associated and non associated
growth factor respectively. x and p show the
concentration of cell dry weight (CDW) and produced
polymer (PHB) concentration, as well.

Table 4: The specific PHB production rate and the PHB yield from different
substrate for four investigated microorganisms

Microorganism name  R (Correlation factor) R a MSE2 2

C. nector DSMZ 545 0.9948 0.9863 0.762
H. pseudoflava DSMZ 1034 0.9417 0.8447 0.497
A.lata DSMZ 1123 0.9817 0.9513 2.49*10-2

A. beijinckii DSMZ 1041 0.9759 0.9358 6.1*10-2

The combined logestic and Maltous equations was
used to show the microbial growth kinetics. The logestic
equation was used for showing the exponential growth
phase kinetics while Maltus kinetics was used to express
the death phase kinetics (Eqs 5 and 6 )

(6)

Integration equation (5) and (6), will yield equations (7)
and ( 8 ) 

(7)



0
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(8)

Where x ,x  and µ  are the initial CDW or biomass0 m m

concentration, maximum biomass concentration and
maximum specific growth rate of the microorganism,
respectively. Also, t  is the required time (seed age) form

maximum produced PHB concentration by the
microorganism.

According to Eq. (7), in order to estimate the value of

the µ , a plot of against t will yield a straight linem

with the slope value corresponding to µ  and the interceptm

equal to 

(9)

Substituting Eq. (5) and (7) into Eq. (4) and integrating it,
will yield Eq. (10).

(10)

Eq. (10) can be rewritten as Eq. (11)

(11)

The value of  is equal to zero and x = x  in them

stationary phase. Using Eq. (4) and (11), one can obtain:

(12)

The value of x  can be obtained from the experimentalm

growth kinetic data and the value of parameter  was
obtained from the slope of the linear plot of P(t)-P - B0

against A(t).
Eq. (10) and (13) show the kinetic model of PHB

production in the exponential growth phase and death
phase, respectively.

(13)

Table 5: The values of the parameters used in the kinetic modeling of PHB
by C.nector DSMZ 545 using fructose as the carbon source

parameter Logestic model Maltus model
µm 0.042 -0.0067

0.5802 9.8173
0.0016863 0.0016863

Table 5 shows the values of the parameters used in
the kinetic modeling of PHB production by C.necator
DSMZ 545 using fructose as the carbon source.

CONCLUSION

The effect of different carbon sources including
glucose, fructose, molasses and whey on PHB biopolymer
production were investigated, respectively.

Each of four species including H. pseduflava DSMZ
1034, A. lata DSMZ 1123, C.necator DSMZ 545 and A.
beijinckii DSMAZ 1041 used and the amount of the
produced PHB was measured while the carbon source
concentration was 40 g.L  in each experiment. The1

maximum biopolymer (3PHB) concentration was obtained
5.8 g.L  corresponding to 10.2 g.L  biomass1 1

concentration using C. necator DSMZ 545 and fructose
after 72 hrs.

The calculated product yield, y  (g.g ) and thep/s
1

maximum specific PHB production rate, Q  (g.L .h )p
1 1

were obtained for each species, while, the maximum
(y )and (Q ) were 0.875 (g.g ) and 0.0805 (g.L .h )p/s p

1 1 1

using C. necator DSMZ 545 specie and molasses and
fructose as the carbon sources respectively. The
calculated amounts are obtained 84 hrs and 72 hrs after
the start of the growth respectively.

Leudeking -piret model was used to analyze the
product release kinetics and the values of the model
parameter shows that PHB production obeys the growth
associated kinetics.

The optimum shaking rate and temperature were
obtained for four species as 250 rpm, 30°C. The maximum
accumulation of PHB was observed 15 hrs after the start
of the growth for H. pseduflava DSMZ 1034 and A.
beijinckii DSMZ 1041 while it was 25 hrs for C. necator
DSMZ 545 and A. lata DSMZ 1123, respectively.

The results obtained from response surface analysis
of the produce PHB concentration as a function of the cell
dry weight and sugar concentration show that the
maximum and minimum correlation coefficient, Ra , values2

are 0.9863 and 0.8447 respectively.
The RSM analysis results confirms the obtained

correlation ( Eq. 1) between the PHB concentration, Y and
the cell dry weight, x  and sugar concentration, x1 2.
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