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Azotobacter chroococcum 9 was isolated from corn field in Agricultural College in Abu Ghrab, The effect 
of different conditions included medium composition , incubation period , pH , temperature and aeration 
on accumulation of β-hdroxybutyrate from A. chroococcum 9 were determined. The maximum 
productivity appeared when Stockdale nitrogen free medium containing 2% glucose as carbon source 
and 1% peptone as nitrogen source at pH 7.5 was inoculated with 3.8 × 104 cell/ml    and incubated in 

static incubator at 30 ˚C for 48 h, PHB productivity at these conditions was 40.3%.    
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INTRODUCTION 

Polyhydroxyalkanaotes (PHAS) are bacterial 
polyesters that have received great interests in 
recent years. PHAS have been considered to be 
good substitutes for petroleum derived synthetic 
plastics showing similar properties as synthetic 
polymers and furthermore they degrade after 
disposal (Sharifzadeh Baei , M.   et al. 2010) .  

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, 
phosphorus, magnesium, among others. This 
depletion in the presence of excess carbon source 
triggers the metabolic shift from growth to PHA 
production phase (Mahmoudi ,  M et al. 2010) 

Poly-β-hydroxybutyrate (PHB) belongs to the 
class of biodegradable plastics PHAs. PHB was 
the first among the family of PHAs to be detected 
by Lemoigne in 1926 as a constituent of 
bacterium Bacillus megaterium(. Lemoigne  ,M  . 
1926).     

The characteristics of this compound is similar 
to synthetic plastic or petrochemical-based 

plastics (such as polypropylene, polyurethane, 
vinyl chloride and hexachloroethane etc.).  
Therefore, PHB and its copolymer can be used as  
Biodegradable  plastic , which can reduce the 
current problems with decreasing fossil resources 
and environmental impact caused by plastic 
garbage (Sangkharak ,  K . and  Prasertsan, P .   
2008). In addition, it has a promising application in 
medicine, material science and agriculture, etc. 
(He , G.Q.  et al. 2004). The aim of this study was 
to obtain an efficient isolate of Azotobacter 
producing PHB and optimization of favorable 
conditions for PHB production 
  
MATERIALS AND METHODS 

Activation medium(Garrity, G.M. 2005):  
     This medium is composed of : 0.3 g 

K2HPO4 , 0.7 g KH2PO4  , 0.2 g MgSO4.7 H2O ,  
0.1 g  CaCl2.2H2O , 0.05 g FeSO4.9H2O , 0.005 g 
Na2MoO4.2H2O , 20 g Sucrose  and 5 g Yeast 
extract , pH was adjusted to 7.3. 
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Sucrose mineral salts medium (Garrity, G.M. 
2005): 

This medium is composed of : 10 g Sucrose , 
3 g CaCO3 , 0.5 g K2HPO4 , 0.2 g MgSO4.7H2O , 
0.1 g CaSO4 , 0.02 g FeSO4.7H2O , 0.02 g 
MnSO4.H2O , 0.01 g MoO3 , 0.01 g KI , pH was 
adjusted to 7.2-7.3, sterilized by autoclave at 121 
˚C for 15 min. For preparing of solid  medium 2%  
agar was added   . 

 PHB Production medium (Stockdale nitrogen 
free medium ) (Stockdale, H. et.al., 1968)   
:This medium is composed of : 

Solution A : 20 g Glucose , 0.4 g 
MgSO4.7H2O , 0.11 g CaCl2.2H2O , 0.012 g 
FeSO4.7H2O ,  0.01 g  Na2MoO4.2H2O  .  

Solution B:     2 g  K2HPO4 , 0.4 g  NaCl. 
  Solution A and B were autoclaved at 121 

˚C/15 pounds for 10 min. and  equal volumes 
were mixed after cooling ,the pH was 7.7  . Solid 
medium was prepared by addition 2% agar to the 
medium. 

Collection of sample : 
Twenty soil specimens were collected by 

sterile instrument, these specimens were obtained 
from soil near to plant roots at depth 10-15 cm 
and mixed together in clean sterile sacs and 
transported to laboratory .The bacteria used in the 
experiments was an isolate of Azotobacter 
chroococcum isolated from corn field in 
Agricultural College in Abu-Ghrab . 

Isolation of Azotobacter : 
 Soil dilutions were prepared by adding 10 g 

of soil to 90 ml of sterile D.W in  250 ml  flask and 
shaked for 20 min , serial dilutions  (10-1 -  10-8) 
were  made . One ml from each dilution was used 
to inoculate Sucrose mineral salts medium  (SMS) 
(Garrity, G.M. 2005), and incubated at 28-30 ˚C 
for 3 days. 0.1 ml of liquid culture was spreaded 
out on plate medium (triplicate plates) , the plates 
were incubated at 28-30 ˚C for 3 days. The 
growing bacterial colonies were purified by 
streaking on SMS medium for several times . One 
isolated colony was picked and recultured on 
maintenance medium. 

Estimation of PHB %   (Henderson,  R. A.  
and  Jones ,C. W. 1997) :   

Total dry weight (total biomass) was 
determined by harvesting of bacterial cells, 
washing, drying to constant volume and weighting 
of cells , then  PHB was extracted and the content 

was estimated as % of biomass after calculated of 
PHB and bacterial cells dried weight. 

 
 
 
    

Determination of factors affecting PHB 
production 

In all the experiments mentioned below 
bacteria was cultured in activation medium  and 
incubated at 28- 30˚C for 24h , fifty ml ( in 250 ml 
flasks ) of  the production medium were inoculated  
with 2% of activated culture and incubated at 
different environmental conditions to determine 
the optimum nutritional and environmental factors 
for PHB production which included the following :  

Inoculum size (cell number) 
 From 24h activated culture serial dilutions 

(10-1-  10-7) were prepared , optical density of 
culture and dilutions was measured at 600 nm 
.Viable count was performed by spreading 0.01ml  
of dilutions on activation agar medium , and 
incubated at 28-30 ˚C for 24 h , the colonies were 
calculated and the number of cells was estimated 
. The production medium was inoculated with 2% 
of each dilution . 

Incubation period 
Production medium was inoculated with 2% of 

bacterial culture and  incubated at 28-30 ˚C for 
different periods (24 ,48,72 ,96 h). 

pH  
The production medium prepared with 

different pH values (6 ,6.5 ,7 , 7.5 , 8 ,8.5) was 
inoculated with 2%  of bacterial culture and  
incubated at 28-30 ˚C for 48h. 

Temperature 
 Bacteria  was inoculated  2%  into the 

production medium  and  incubated at different 
temperatures  (25 ,30,37,40  ˚C) for 48h , pH was 
7.5 .   

Carbon source 
  Production media containing 2% of different 

carbon sources (glucose ,fructose ,sucrose 
,lactose , mannitol ) ,were prepared then 
inoculated with bacterial culture and incubated at 
30 ˚C for 48h , pH was 7.5 .  

Nitrogen source  
The production media containing 1% of 

different nitrogen sources (yeast extract, meat 

weight of PHB (gram) 

   weight of cell dry mas (gram) 
PHB % = 

 100× 
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extract, peptone ,trypton or casein) , were 
inoculated with 2% of bacterial culture and 
incubated at 30 ˚C for 48h  , pH was 7.5. 

Shaking  
   The production medium was inoculated with 

2% of bacterial culture pH was 7.5  and incubated 
at 30 ˚C for 48h , in shaking incubator (100 rpm)  
,other flask was incubated at the same conditions 
but without shaking .  
 
RESULTS AND DISCUSSION 

Isolation of Azotobacter : 
     Twenty samples were collected from 

different places in corn field in Agricultural College 
in Abu- Ghrab near the plant roots . Eighteen 
bacterial isolates were grown on Sucrose mineral 
salt medium (selective media for Azotobacter 
genus which contain mineral salts without nitrogen 
source that facilitate the growth of this bacteria).  
Twelve  isolates were belonged to Azotobacter 
depending on the morphological and microscopic 
examination (Garrity, G.M. 2005). 

Effect of inoculum size  
     It was observed that PHB increases with 

increasing of cells ( initial inoculum) up to 3.8 × 
104 cell/ml  , the content of PHB was 10.8% of  dry 
cell weight (DCW) (Figure 1) 

 

 
Figure 1 : PHB production by A. 

chroococcum  9 inoculated in Stockdale 
nitrogen free medium  

with different inoculum sizes ,incubated at 
28-30 ˚C for 48 h , at pH 7.7. 

The inoculum size is one of the important 
factors affecting the yield of any product, it 
represents the number of initial cells to be added 
to the medium. The optimum inoculum size is  
depend on the medium composition and 
concentration of nutrients , furthermore the 

cultural conditions. Starter culture (10%) of   R. 
sphaeroides N20 containing 1.5 x 104 cells/ml was 
inoculated into glutamate - malate medium and 
gave maximum PHB content   53.9%   of DCW 
(Sangkharak ,  K . and  Prasertsan, P .   2008) 
Ramadas et al. (2009) reported that maximum 
production of PHB by Bacillus sphaericus NCIM 
5149  was obtained with 2 ml (8 x10 8 cell/ml) of 
preinoculum of 16 h age, which gave about 25% 
PHB.  

Effect of incubation period: 
A.chroococcum 9 was cultured in Stockdale 

nitrogen free medium and incubated for 24-96 h to 
determine the optimum time for PHB production . 
Maximum PHB production 19.5% was obtained 
after 48h of growth (Figure 2). 

 

 
Figure 2 : PHB production by A. 

chroococcum 9 after  growing in Stockdale 
nitrogen free medium at pH 7.7 and incubated 
at 28-30 ˚C for different periods of incubation, 

The lipid inclusions accumulate by many 
bacteria when they enter the stationary phase of 
growth (Page  , W. J. 1995) , after 48 h  the 
unfavorable conditions of the medium caused 
decreasing in PHB yield, due to increasing in 
medium viscosity accompanying with 
exopolysaccharide  production (Mercan , N. ; 
Aslim , B etal.  2002) , and depletion of essential 
nutrients and carbon sources in the medium lead 
to consuming of PHB by bacteria as a sources of 
carbon and energy (Yüksekdağ, Z. N.  et  

al.2004).  
The maximum content of PHB (74.03%)  

produced by Rhizobium spp. 2426 was obtained  
after 48h  of  growth in yeast extract mannitol  with 
L-cysteine medium  (Mercan , N. et.al.,  2002). 
Maximum production of PHB by B. subtilis 25  
(18.03%) and B. megaterium 12 (14.79%) was 
obtained  after 45 h of incubation and decreased  
to (7.98% , 6.55%) respectively after 48 h 
(Yüksekdağ, Z. N.  et al. 2004) .  
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Effect of pH 
     A. chroococcum 9 was grown in Stockdale 

nitrogen free medium with different pH values ( 6 - 
8.5) , the optimum pH for PHB production was 
between ( 7-7.5) and maximum PHB production 
(29.4%) revealed in the medium with pH 7.5             
(Figure3).  

 
Figure 3 : PHB production by A. 

chroococcum 9 inoculated with 2%   in 
Stockdale nitrogen free medium with different 
pH values and incubated at 28-30 ˚C for 48 h 

 The drastic change in production of PHB in 
bacteria seems to be due to the effect of initial pH 
on the bioavailability of trace elements ( Ramadas 
, N. V. et al.2009) , pH change of the environment 
will change the electric charges of various 
molecules involved in multiple biological activities 
such as its effect on the solubility of proteins , 
enzyme activities and other molecules , pH also 
affect the permeability of cytoplasmic membrane 
of cells and metabolic activity of carbohydrates 
(Yüksekdağ, Z. N. et al. 2004).  Maximum 
production of PHB (46% ) by Bacillus sphaericus 
NCIM 5149  was obtained in medium prepared 
from 2% jackfruit seed powder with initial pH 7.5 
(Ramadas , N. V.et.al.,   2009) . The PHB 
productivity of Rhizobium spp. 2426 was 40 %   at 
pH 7 (Mercan , N. et al.  2002).  

Effect of temperature 
The effect of different temperatures (25 , 30 , 

37 , 40 ˚C) on PHB production by A. chroococcum 
9 were determined , the results showed that 
maximum PHB production by this bacteria was 
32.2% at 30 ˚C (Figure 4) . 

 
 
Figure 4 : PHB produ ction by A. 

chroococcum 9 inoculated with 2% in 
Stockdale nitrogen free medium and incubated 
at different temperatures for 48h, at pH 7.5 

Temperature is one of the environmental 
factors influencing the chemical reaction , 
enzymatic activity , growth rate of bacterial cells 
and fatty acids composition of cytoplasmic 
membrane (Yüksekdağ, Z. N. et.al., 2004). El-
sayed et a/.(2009) reported that  R.eutropha 
ATCC 17697 and A.latus ATCC 29712 produce 
maximal content of PHB 48.43 % and 14.29 %, 
respectively at 30 ˚C in  two stage batch 
fermentation . Other bacteria also produce 
maximum PHB at 30 ˚C such as  Halomonas 
boliviensis LC1 (Quillaguaman, J. et. al. 2005) 
and Azohydromonas lata DSMZ 1123  
(Sharifzadeh Baei , M.   et al. 2010) . 

Effect of carbon source 
     The effect of different carbon sources on 

PHB production in A. chroococcum 9 was studied. 
The results showed that glucose gave the highest 
content of PHB (29.8%) followed byructose 
(17.3%), while the disaccharides lactose and 
sucrose gave lower PHB content (15.9%) and 
914.7%) respectively (Figure 5). 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 5 : PHB production by A. chroococcum 
9 after growing on Stockdale nitrogen free 
medium containing different carbon sources 
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and incubated at 30 ˚C for 48 h at pH 7.7 
Azotobacter cells grow well in media 

containing glucose as carbon source (Lin ,L. P. 
and Sadoff, H. L.  1968  ). Maximum PHB 
production by A. chroococcum strains NCIB 
8002,NCIB8003 and NCIB9125 in nitrogen free 
medium with 2% glucose was 42.4% , 30.7% and 
42.4%  respectively (Stockdale, H. ;  et.al.,    
1968.  ) . Beaulieu et al.(1995) reported that PHB 
yield of A. eutrophus in the presence of glucose 
as a carbon source is 40%  , while PHB over 90 % 
of dry cell weight have been reported in case of 
Methylobacterium using glucose and lactose as 
carbon sources   (Ghatnekar , M. S. et al. 2002).  

Effect of nitrogen source 
     Maximum PHB  ( 40.3%) was obtained in 

medium containing peptone while the inorganic 
nitrogen source ammonium chloride reduced the 
accumulation of PHB (Figure 6) . 

 
Figure6: PHB produced by A chroococcum 9 
after growing on Stockdale nitrogen free 
medium containing different nitrogen sources 
and incubated at 30 ˚C for 48 h , pH 7.5 

PHB accumulation by A. vinelandii, A. 
chroococcum, A.beijerinckii and E. coli increased 
when the organisms were grown in media 
containing organic nitrogen sources (Page W.J.  
and Cornish, A. 1993). The effect of different 
nitrogen compounds (NH4NO3, bactopeptone, 
casein, yeast extract, meat extract, protease 
peptone and trypton) on PHB production showed 
that incorporation of nitrogenous compounds into 
the medium increased PHB production by A. 
chroococcum 1723 maximum productivity about 
75.7% was observed  in the  presence of 1% meat 
extract (Khanafari  , A . et al. 2006).  

Effect of agitation 
     It was found that the maximum PHB 

production occurred without agitation condition, 

PHB content was 36.7% in static condition, while 
in agitation (100 rpm) the yield of PHB was 32% 
.On the other side the results showed that cellular 
dry weight of A. chroococcum 9 was higher in 
agitation condition than in static condition 
.Aeration has different influences on PHB 
production among different bacteria , A. 
beijerinckii produces PHB under oxygen limitation 
(Senior, P. J.  et al.1972) . extreme aeration 
(shaken at 225 rpm) decreased the PHB yield in 
A. vinelandii UWD  to 0.4 mg/ml, while non-PHB 
residual mass was relatively unaffected (Chen, G. 
and Page, W. J. 1997) . Polymer production by 
chroococcum strain H23 decreased at aeration 
rates from 50 to 300 rpm  (Pozo, C. et al. 2002) . 

CONCLUSION 
 B-hydroxybutyrate was extracted from 

Azotobacter chroococcum9 . Many environmental 
and nutritional conditions that effect on production 
process were examined, included medium 
composition , incubation period , pH , temperature 
and aeration. Maximum production yield for B-
hydroxybutyrate under the optimum conditions 
was 40.3%.  
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