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ABSTRACT 

   The local strain Bacillus cereus S3, which isolated from the soil attached to the 
rice root, was employed for PHB production from whey and soya extract as the 
main carbon and nitrogen sources. Some supplements such as (0.5 g) tryptone and 
(0.5 g) NaCl were added to 75 ml whey and 25 ml soya extract to optimize the PHB 
accumulation medium.  Different parameters including; initial pH of the medium, 
working volume, NaCl concentration and inoculum age and size; were carried out 
under shaking flask conditions (150 rpm) at 30ºC for 48 h of incubation to enhance 
the PHB accumulation. The maximum PHB accumulation (2.42 gl-1) was achieved 
at pH 6, 100 ml working volume, (0.5-2%) NaCl, at 60 h and 4 ml inoculum age and 
size, respectively. An experiment was conducted to investigate the effect of gamma 
irradiation on the activity of B. cereus S3 towards PHB accumulation. At dose level 
1.5 kGy the maximum PHB accumulation obtained was 3.2 gl-1. 
   Key Words: Biopolymer /PHB/, Bacillus cereus/ Whey. 

INTRODUCTION 

 

   Polyhydroxyalkanoates (PHAs) are intracellular storage material for energy, carbon and 
reducing power produced by various bacteria usually under restricted growth conditions in the 
presence of excess carbon source (1-2). PHAs have been considered to be good substitutes for 
petroleum-derived synthetic plastics because of their similar material properties to synthetic 
polymers and complete biodegradability after disposal (3). Poly(3-hydroxybutyric acid) (PHB) is a 
member of the family of polyhyroxyalkanoic acids (PHAs) which hold promise as a 
biodegradable alternative to existing commodity plastics such as polyethylene and polypropylene. 
It deposited intracellularly in the form of granules and might amount up to 90% of the cellular dry 
weight (4). 
                           

   All bacteria capable of PHB synthesis accumulate it during the stationary phase of growth 
when the cells become limited for an essential nutrient but have excess of carbon source (5). A 
number of Bacillus spp. has been reported to accumulate 9-44.5% dry cell weight (DCW) PHA 
(6). A major problem in commercializing PHAs is their high production cost. Much effort has 
been devoted to lower the production cost of PHA by developing better bacterial strains and 
efficient strategies for fermentation and recovery of PHAs (1).  
   Whey is a major by-product in the manufacture of cheese or casein from milk, representing 80-
90% of the initial volume of milk transformed. It contains approximately 4.5% (w/v) lactose, 
0.8% (w/v) protein, 1.0% (w/v) salts and 0.1-0.8% (w/v) lactic acid (7). About half of the whey 
product is used for animal feed, while the rest is disposed of causing considerable environmental   
problems due to its high biological oxygen demand.  For this reason, several environmentally 
friendly processes based on microbial fermentation have been proposed for whey utilization.  
 



   Molasses  has been used extensively as  a carbon source for commercial production  of  baker's  
yeast (8). Sugar cane molasses can be used as a source of growth factors since it contains trace 
elements and vitamins such as thiamine, riboflavin, pyridoxine and niacinamide (8 and 9). The use of 
cane molasses as a growth factor maximized the production of PHB and showed some potential 
as a low-cost ingredient for industrial fermentation. 
 
   On the other hand, Soya beans contain about 40% protein, 20% oil, 35% carbohydrate and 
about 5% ash of dry weight.  Also, soya beans contain biologically active or metabolic proteins 
such as enzymes that catalyze biochemical reactions and are vital to metabolism (10). 
 
   The major contributor to overall PHB production cost was carbon substrate cost (up to 50%) (3). 
Therefore, the present study was carried out to produce PHB from cheap carbon source (waste 
product) such as whey, molasses and soya extract  and to determine the influence of nutritional 
conditions as well as the effect of gamma irradiation on the PHB accumulation by the local strain  
BBaacciilllluuss  cceerreeuuss  SS33.  
  

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  
 
Bacterial Strain: 
 
   The local strain Bacillus cereus S3, which isolated from the soil surrounding and attached to the 
roots of rice plant and has the ability to accumulate intracellular PHB was used. It was identified 
by the German Culture Collection of Microorganisms, Deutsche Sammlung für Mikroorganismen 
und Zellkulturen (11), Braunschweig, Germany.  The strain was inoculated onto nutrient agar 
slants and incubated at 30°C for 48 h before storage in a refrigerator at 4°C for further 
examination.  
 

Estimation of PHB Production by Staining: 

 
   The estimation of PHB was carried out in different ways, either by staining the whole bacterial 
colonies grown on petri-dishes using Sudan Black B (12) and its modification (13), or by staining 
bacterial heat fixed smears with crystal violet for 1 min and examining microscopically with oil 
immersion (14). 

 

Culture Conditions: 
 
   For the fermentation in a 250 ml flask culture technique, standard inocula (5 ml) of 
seed culture was taken from 100 ml Lauria Bertani broth medium after  incubation at 
agitation speed 150 rpm and 30°C for 24 h in an orbital incubator shaker to initiate the 
growth in the whey medium(15).    
 
Preparation of Whey, Molasses and Soya Extract Media: 

   Concentrated whey (CW) which is produced as by-product from cheese manufacture was used. 
The whey solution was prepared according to (Yellore and Desai, 1998) (16) after modification.  
Whey solution was boiled for 5 min then filtered after cooling  to remove the aggregates.  The  
pH of the whey solution was adjusted to 7±1 by adding NaOH (12 N) then re-filtred. The whey 



was divided into 100 ml in 250 ml Erlenmeyer flasks and then autoclaved by releasing the vapor 
for 30 sec. A clear whey solution was obtained which was used as a complete medium. 
 
   Fifty grams of soya bean were autoclaved in 500 ml dist. water. The extract was filtered by 
filter paper Whatman no. 1, the filtrate was distributed and autoclaved separately at 121ºC for 15 
min then added to LB medium in proper concentrations. While, 2% molasses was prepared as a 
production medium and the yield of PHB as well as the growth of BBaacciilllluuss  cceerreeuuss  SS33 was 
estimated after 48 h of incubation. 
 
PHB Production Parameters: 
 
   Batch fermentations were carried out in 250 ml Erlenmeyer flasks containing 100 ml of culture 
medium. The flasks were inoculated and maintained at 30ºC and 120 rpm for 48 h. A set of 
experiments was performed at different pH (5.5-8), working volume (25-150 ml), NaCl 
concentration (1-10%), inoclum age (12-72 h) and inoculum size (1-10 ml) to investigate the 
effect of these parameters on the PHB production. The effect of increasing doses of gamma 
irradiation (0.25-6 kGy) on the activity of Bacillus cereus S3 towards PHB accumulation was 
investigated. 

 

Recovery and Gravimetrical Determination of PHB: 

 
   PHB was recovered from the cells by NaOH digestion method (17). It was carried out by 
centrifugation of 40 ml of broth culture at 6000 rpm for 20 min. The obtained pellets of bacterial 
cells were digested using 20 ml 0.2 N NaOH at 30ºC for 2 h. PHB granules were separated from 
the aqueous fraction containing cell debris by centrifugation at 6000 rpm for 20 min. Cell lipids 
and other molecules other than PHB were extracted by adding 5 ml of 96 % (1:1 v/v) ethanol and 
acetone. The PHB granules recovered were gently rinsed with distilled water (to avoid floatation 
of PHB granules) and re-centrifuged. The final pellets were dried in an oven at 80°C over night 
till constant weight in pre-weight small Petri dishes. The PHB content was defined as the ratio of 
PHB concentration to cell concentration given in as a percentage. 

 

Cell Growth and Cell Dry Weight Determination: 

 

   Cell growth was monitored gravimetrically by measuring the optical density at 500 nm 
using spectrophotometer. The cell dry weight was estimated from 40 ml culture broth (in 
duplicates). The cells were separated by centrifugation at 6000 rpm for 20 min. The cells 
were washed three times with warm distilled water and then transferred into pre-weight 
small Petri- dishes and dried in an oven at 105°C till constant weight. Cell concentration 
was defined as cell dry weight per liter of culture broth as previously described by (18). 

 

Gamma Irradiation: 



   The effect of different doses of gamma irradiation (0.25-6 kGy) on growth and PHB 
production were investigated. Irradiation was carried out at the National Center for 
Radiation Research and Technology (NCRRT), using 60Co gamma irradiation source of 
Russian facility with a dose rate 1.77 Gy /sec at the time of the experiment. 

  
  
  
  
  
  

RREESSUULLTTSS  AANNDD  DDIISSCCUUSSSSIIOONN  
  

   Polyhydroxybutyrate (PHB) is a common bacterial  lipid  polymer  involved in energy storage  
(19).  A great variety of bacteria which are able to produce PHB as a storage material can be found 
in nature, e.g. in soil, seawater, sewage or compost (20). Among 7 isolates from the soil around and 
attached to rice roots (S3) only one isolate, which darkly stained blue, has the ability to 
accumulate intracellular polyhydroxybutyrate (PHB). It was identified as Bacillus cereus (11).  
  
   Waste materials are frequently important for economical and environmental reasons. A primary 
objective of biotechnology is to improve the management and utilization of the vast volumes of 
agricultural, industrial and domestic wastes (21). The biotechnological utilization of these wastes 
will eliminate a source of pollution and products will be obtained cheaply at the same time. For 
this reason molasses, whey and soya extract were used in the present study as the main carbon 
and nitrogen sources in the production medium. The data represented in Fig.1 demonstrated that 
the maximum growth was obtained by soya medium (1.68 gl-1) followed by whey medium (1.13 
g/l). While, the maximum PHB accumulation was obtained by whey medium (0.614 g/l) with 
high PHB content (54.3%) followed by soya medium with PHB accumulation (0.553 g/l). On the 
other hand, molasses medium recorded 
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Figure (1): Effect of different substrates on growth and PHB accumulation by B. cereus S3. 
 

CDW: Amount of cell dry weight (gl-1).     PHB: Amount of PHB dry weight (gl-1). 
                                                                                PHB: % The PHB content. 

 
unexpectedly the lowest growth and PHB synthesis (0.945 and 0.227 g/l, respectively) with low 
PHB content 24%. 
  
   The obtained results indicated that, the maximum PHB accumulation was obtained by whey 
medium with high PHB content. Many authers pointed out the significance of lactose as a carbon 
source in PHB production (22). Lactose is found in high levels in whey hence, it is a very attractive 



and economical source of carbon. While, soya extract is the best nitrogen source which enhanced 
the growth with obtaining a sufficient biomass. Soya beans are a source of complete protein 
(contain significant amounts of all the essential amino acids) that are essential parts of all living 
organisms and participate in every process within cells. 
 
   Also, soya beans contain biologically active or metabolic proteins such as enzymes that 
catalyze biochemical reactions and are vital to metabolism (10). Thus, it could be added in a 
suitable concentration in order to stimulate the growth leading to increasing biomass and PHB 
product in whey medium. Moreover, the use of soya bean extract will be useful as nitrogen source 
and play the same role of complex nitrogen sources. 
   Optimization of batch culture conditions in order to enhance PHB accumulation by B. cereus S3 
has been studied. The data in Fig. 2 revealed that the B. cereus S3 was able to grow with different 
degrees in all pH values from acidic to alkaline whey medium. The maximum growth and PHB 
accumulation was achieved at initial pH 6 which recorded 4.37 and 2.24 gl-1 respectively. 
Haywood et al. (1989)  (23) found that the activity of the granule-associated PHB-synthase 
increased at least up to pH 10. While, the soluble PHB-synthase showed equal activity in the 
range of pH 8-10. They concluded that the soluble PHB-synthase became granule-associated on 
transition to nitrogen limitation. 
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Figure (2): Effect of pH on growth and PHB accumulation of B. cereus S3. 
 
   On the other hand, although pH values fluctuated between 5.12 and 6.9, it seems that it didn’t 
greatly affect either growth or production of alkanoates by B. megaterium tested (24). While, on 
another study represented that (in the absence of pH control) at an ammonium concentration 
higher than 0.5 gl-1, the growth of A. eutrophus rapidly stopped when the pH dropped below 5.4 
(25). The optimum pH for growth and PHB production by A. eutrophus was 6.9 and that of 5.4 
inhibited its growth (26).  
 
   The effect of different working volumes of whey medium (25-150 ml) on growth and PHB 
accumulation was studied. The data represented in Fig. 3 indicated that the maximum 
growth (7.1 gl-1) was obtained at working volume 25 ml, then decreased gradually by increasing 
the working volume of the medium reaching (3.19 gl-1) at 150 ml. Whereas, PHB was not 
synthesized at working volume 25 ml, started its accumulation at a working volume of 50 ml 
whey medium (0.83 gl-1 and PHB content 12.3 %). 
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Figure (3):  Effect of working volumes on growth and PHB accumulation of B. cereus S3. 
   The maximum PHB concentration (2.24 gl-1) was obtained at 100 ml whey medium. It could be 
concluded that, the cell growth increased with decreasing the ratio of medium: flask volume to 
1:9 (i.e. 11 %). While,  increasing this ratio to a certain value enhanced the PHB accumulation 
reaching its maximum value at 1:1.5 (i.e. 66.6%). However, the PHB accumulation was found to 
be suppressed at low medium: flask volume ratio representing the harmful effect of high O2 
concentrations on PHB synthesis. This result revealed that although, sufficient concentration of 
O2 was needed for increasing growth and cell mass, PHB synthesis requires a limit amount of O2 
concentration.  The control of oxygen supply in the cultivation of recombinant E. coli could also 
affect yields of cell and PHB, because oxygen consumption is related to CO2 production, ATP 
generation and other metabolites (27). The influence of oxygen limitation on growth and PHB 
accumulation by B. mycoides RLJ B-017 was studied under different oxygen transfer rates 
(OTRs) (28). It was found that limitation of available oxygen inhibits cell growth and PHB 
accumulation by individual organisms in a very specific manner, while PHB synthesis was 
suppressed at higher oxygen transfer rates. On other investigation, it thought that the harmful 
effects of oxygen on biochemical materials were due mainly to non-specific oxidation of enzyme 

(29). 
 
  The effect of different concentrations of NaCl (1-10%) on both growth and PHB accumulation 
was studied. The data in Fig. 4 revealed that the growth decreased with increasing NaCl 
concentration from (4-10%). The maximum growth (4.56 gl-1) was obtained by adding 1% NaCl 
to the tested medium, and then decreased with further increase in salt concentration. It was 
observed that the cells resist the high concentrations of NaCl up to 10 % (0.265 gl-1). On the other 
hand, it was found that at 1-2 % NaCl the PHB concentration was as constant as control (2.25 and 
2.24 gl-1, respectively). While, it decreased rapidly at 6% NaCl reaching to (0.74 gl-1) with PHB 
content (32.3%). Further increase in NaCl concentration lead to PHB suppression. 
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Figure (4): Effect of NaCl concentrations on growth and  PHB accumulation of B. cereus S3. 
 
   The isolated strain B. cereus S3 resist the high concentration of NaCl up to 10%.  Moreover, the 
presence of NaCl in certain concentration may stimulate the PHB accumulation to keep the 
osmotic pressure of the cell constant. This explanation is in agreement with the study which  
illustrated   that  B. megaterium favorites using acetyl-CoA for PHB synthesis than switching on 
its overflow mechanism for the dissipation of the accumulated acetyl-CoA (Wang et al., 2005) 
(30).  They found that is receivable, since acetate accumulation is toxic for the cell, on the other 
hand accumulation of PHB is advantageous for the cell to storage large quantities of carbon and 
energy without significantly affecting the osmotic pressure of the cell. In addition, PHB also 
serves as a sink of reducing power and could be regarded as a redox regulator within the cell.  
  
   Different inoculum ages (12-72 h) were studied on growth and PHB accumulation of B. cereus 
S3. The data represented in Fig. 5 indicated that the inoculum age (48 h) gave the lowest growth 
(3.25 g/l) compared with the old inoculum (72 h) which recorded the highest growth (5.34 g/l). 
On the other hand, the highest PHB accumulation (2.4 g/l) was obtained by 60 h inoculum age 
with high PHB content 55.9 %. Whereas, the inoculums age (36-48 h) recorded lower PHB 
concentration.  The older inoculum, specific  growth  rate was  lower  and  it  took longer for the 
culture to reach stationary phase (31). PHB accumulation started later but the rate of accumulation 
was higher in the   stationary phase and maximum PHB accumulation (after 170-180 h) was 
higher. They found that inoculum age affected not only the growth rate of the culture but also the 
maximum level of PHB obtained. Also, they found that the use of an older inoculum (70-h) of 
Methylocystis parvus resulted in a lower growth rate and maximum cell concentration was only 
reached after 100 h.    
 
   As the effect of inoculum age was studied, the inoculum size on growth and PHB accumulation 
has to be studied as well. The whey media were inoculated with different   inoculum size (1- 10 
ml) of 60 h inoculum age, incubated at 150 rpm and 30oC for 48 h. The data represented in Fig. 6 
illustrated that the cell growth increased from 2.6 to 4.1 g/l by increasing the inoculum size from 
1 to 3 ml. Slight increase in cell concentration (4.25 and 4.29 g/l) was obtained by increasing 
inoculum size from 4 to 5 ml, respectively. Further increase in inoculum size lead to slight 
decrease in cell concentration.  On the other hand, the PHB accumulation increased gradually 
from (1.11 to 2.40 g/l) by increasing inoculum size from 1 to 5 ml, respectively. Then PHB 
concentration began to decrease slightly by further increase of inoculum size reaching to 1.95 g/l 
by adding 10 ml inoculum. While, the maximum PHB accumulation (2.42 and 2.40 g/l) was 
obtained by inoculum size (4 and 5 ml, respectively).     
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Figure (5): Effect of inoculum age on growth and PHB accumulation of B. cereus S3. 
                                       
   The effect of gamma radiation on the activity of B. cereus S3 towards PHB accumulation was 
carried out. The strain was exposed to increasing doses of gamma radiation (0.25 to 6 kGy). The 
cell concentration, PHB concentration and PHB content were investigated. The data in Fig. 7 
explained that the low doses of gamma radiation from 0.25 to 2 kGy may stimulate both growth 
and PHB accumulation. The highest cell concentration and PHB concentration 5.34 and 3.2 gl-1 
were achieved at the dose 1.5 kGy, respectively with PHB content of 59.9 %. While, a decrease in 
the cell concentration accompanied by low PHB accumulation were achieved by the increasing 
doses of gamma radiation (>2 kGy). 
 
   Several studies recorded that the low doses of gamma radiation may stimulate the microbial 
growth and metabolic activities (32-33). Meanwhile, high doses of gamma radiation were proved to 
be inhibitory for both growth and enzymatic activities of microorganisms (34).The exposure of 
cells to ionizing 
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Figure (6): Effect of inoculum size on growth and PHB accumulation of B. cereus S3. 
 
radiation sets off a chain of reactions giving rise to chemical and then to metabolic or 
physiological changes. The irradiation presents an additional stress to the cell which tends to 
disturb their organization (35).  Irradiation effects have been shown to occur with proteins, 
enzymes, nucleic acid, lipids and carbohydrates, all which may have marked effects on the cell 
(36). 
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Figure (7): Effect of gamma radiation on the activity of  B. cereus S3 towards PHB accumulation. 
             

CONCLUSION 
 

   This study proved that whey can be used as an alternative to LB medium for PHB production. 
Optimization of flask culture conditions indicated that the maximum PHB accumulation by B. 
cereus S3 could be achieved on 100 ml of whey medium with initial pH 6 at 30  oC for 48 h, 150 
rpm rotary shaker, 60 h inoculum's age and 4 ml inoculum's size. These conditions resulted in 
4.25 and 2.42 gl-1 of cell dry weight and PHB dry weight, respectively with 56.9% of PHB 
content. However, both growth and PHB accumulation were found to be stimulated by the 
exposure of B. cereus S3 to low doses of gamma radiation (0.25–2 kGy). The highest cell 
concentration (5.34 gl-1) and PHB accumulation (3.2 gl-1) was achieved at the dose 1.5 kGy with 
PHB content 59.9%. 
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