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ABSTRACT 
 

In the present study, an attempt was made to isolate efficient poly-β-hydroxybutyrate (PHB) producing 
bacteria from different agricultural soil samples in Egypt. Fifteen soil samples were collected and 180 isolates of 
bacteria were purified. Ten promising bacterial isolates were selected based on their PHB yields. Screening for 
PHB was done by Sudan black B and tested under fluorescent microscope using acridine orange staining. PHB 
extraction was carried out by Sodium hypochlorite digestion method. The culture parameters were optimized for 
all the 10 isolates. Glucose (1%), ammonium sulphate (0.1 %) and pH of the medium at 7.0 were found to be 
optimum for maximum PHB production by all isolates. Morphological and biochemical analysis showed that 
PHB producing bacteria belong to Stenotrophomonas, Pseudomonas, Bacillus, Azotobacter, Azospirillum, 
Alcaligenes genera and P. aeruginosa. Out of ten natural promising isolates, WN2 and WN4 were found to be 
the most efficient PHB producers. Maximum production of PHB was shown by Stenotrophomonas species 
(64.67%) and Pseudomonas species (68.85%) isolated from Wady El-Natron loamy sandy soil. Use of 
bioplastics produced by these bacteria will be helpful to reduce environmental pollution.  
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Introduction 

 
The exponential growth of the human population has led to the accumulation of huge amounts of non-

degradable waste materials across our planet. Living conditions in the biosphere are therefore changing 
dramatically, in such a way that the presence of non-biodegradable residues is affecting the potential survival of 
many species. For this reason, many countries have promoted special programmes directed towards the 
discovery of new commonly used materials that can be readily eliminated from the biosphere, and have 
designed novel strategies aimed at facilitating the transformation of contaminants (Luengo, et al. 2003). 

Plastic is one of the major toxic pollutants of our time. Being a non-biodegradable substance, composed of 
toxic chemicals, plastic pollutes earth, air and water. There is no way whatsoever you can safely dispose of 
plastic waste. Plastic causes serious damage to environment both during its production and disposal. So the only 
way to reduce the hazards of plastic is to reduce the use of plastic and thereby force a reduction in its 
production. 

In the search of environmentally friendly materials to substitute for conventional plastics, different 
biodegradable plastics have been developed either by incorporating natural polymers into conventional plastics 
formulations, by chemical synthesis, or by microbial fermentations. However, physical limitations of these 
materials still exist (Kahar, et al., 2004). 

Biopolymers are gaining much more interest in industrial sectors worldwide. The term biopolymers include 
chemically unrelated products that are synthesized by microorganisms under different environmental conditions 
(Degeest et al., 2001). Bioplastics are industrially important biopolymers. Bioplastics (polyhydroxyalkanoates) 
are considered good substitutes for petroleum derived synthetic plastics because of their similar material 
properties to synthetic polymers and complete biodegradability after disposal. The main advantage of this type 
of polymers is that since they are of biological origin, they degrade naturally and completely to CO2 and water 
under natural environment by the enzymatic activities of microbes. Bioplastics which are lipid in nature are 
accumulated as storage materials (in the form of mobile amorphous, liquid granules); allowing microbial 
survival under stress conditions (Sudesh et al., 2000). All bacteria capable of polyhydroxyalkanoate (PHA) 
synthesis accumulate PHA during the stationary phase of growth and these PHA granules facilitate cell survival 
during stressful conditions. PHA production is usually a two stage process. In the first stage, initial balanced 
growth phase, high protein biomass is produced. In the second stage, nutrient limiting phase, the number of cells 
remains constant but cell size increases because of PHA accumulation (Yuksekdag et al., 2004). The number 
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and size of granules, the monomer composition, macromolecular structure and physio-chemical properties vary, 
depending upon the organism.  

Among the variety of biodegradable plastics a family of more than 40 polyhydroxyalkanoates (PHAs) and 
their co-polymeric derivatives has emerged as very attractive materials due to their complete biodegradability. 
Much effort has been spent in optimizing the poly-β-hydroxybutyrate (PHB) production using pure substrates 
and pure cultures. The cost of this (PHB) is still around ten times higher than that of conventional plastics 
(Wang and Lee, 1997). 

PHA has been identified in more than 20 bacterial genera, including Alcaligenes (Khanna and Srivastava, 
2006), Azotobacter (Pozo et al., 2002), Bacillus (Law et al., 2003), Pseudomonas (Sheu and Lee, 2004). The aim of 
this work was isolation and identification of PHB producing bacteria from different agricultural soil and studying 
the optimal environmental conditions, for producing these polymers by selective isolates.  
 
Materials And Methods 

 
A Clay soil sample was collected from Shalakan, kaluobia in addition to  two loamy sand soil samples one 

from National Research Centre (NRC) farm at South El-Tahrir and the other from Wady El-Natron, El-Behera 
Governorate. Total microbial count, physical and chemical properties of soil samples were determined and also 
analyzed after air drying and sieving in a 2 mm sieve (Table 1). 
 
Isolation of predominant bacteria from different collected soil samples: 

 
As 15 soil samples were collected from rhizosphere (0-15 cm) of different plants (Zea mays, Vicia faba and 

Trifolium alexandrinum), 10 gram of each sample was suspended in 90 ml of sterile distilled water, shaked 
vigorously and serially diluted in sterile distilled water from 10-1 to 10-6 then were plated in nutrient agar 
medium. Plates were incubated at 30°C for 48 h. The representative bacterial colonies were counting. 
 
Microbial Cultural Collection: 
 
Azospirillum isolation: 

 
Tubes containing 5 ml N-deficient semi-solid medium (Döbereiner, 1988) were inoculated with 1 ml 

aliquots of previously prepared serial dilution of rhizospheric soil. Incubation took place at 30oC for 72 hours 
and positive tubes were recognized by the formation of subsurface fine white pellicles. Microscopic examination 
confirmed the predominance of typical azospirilla cells with characteristic spiral movement. Purification was 
carried out by using the streaking technique on potato agar medium (Döbereiner, 1988). Colonies were further 
purified and finally kept in N-deficient semi-solid medium. Three isolates of Azospirillum sp. were obtained and 
investigated for their cell morphology, motility, Gram stain reaction and utilization of glucose as a sole source 
of carbon when grown on nitrogen deficient semi-solid medium (Terrand et al., 1978). PHB production was 
examined in Sun et al. (2002) medium which supplemented with 0.5% malic acid as carbon source. 

 
Table 1: Physical and chemical properties of soil samples collected from different sources for isolation of PHB synthesizing bacteria 

Regions Shalakan farm South El-Tahrir Wady El-Natron 
Mechanical analysis 
 
Sand      (%) 19.00 86.00 83.40 
Silt          (%)                    25.00 6.17 7.00 
Clay        (%) 56.00 7 83 9.60 
Texture Clay loam soil Sandy soil Sandy soil 
Chemical analysis 
pH 7.82 7.39 8.37 
O.C.        (%) 1.20 0.06 0.02 
E.C. (mmho.cm-1) 3.01 1.80 0.70 
CaCO3 2.30 2.70 3.40 
Total N (ppm) 181.00 55.00 45.00 
Total P  (ppm) 390.00 118.00 105.59 
Avel.P   (ppm) 15.20 7.30 5.90 
Physical  analysis 
 
WHC      (%) 62.00 16.75 14.6 
Microbiological analysis (Cell/g dry soil) 
 
Total bacteria  10-9 10-6 10-5 
Total fungi      10-4 10-3 10-3 
Azotobacter 10-4 10-3 10-3 
Bacillis             10-5 10-4 10-4 
Azospirillium 10-5 10-4 10-4 
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Azotobacter isolation: 
 
The Azotobacter spp. colony-forming units (cfu) in the examined soils were assessed by the dilution-pour 

plates method (Fenglerowa, 1965) by using N-free agar medium. After the incubation of Azotobacter spp. for 
48-72 hours at 28°C are able to form on this medium large, moist colonies. All colonies turned dark brown after 
5-7 days indicating that they are belonging to Azotobacter chroococcum (Tchan, 1984; Döbereiner, 1995). 
Colonies which are able to grow on the N-free agar medium were purified. The different colonies were selected 
and recultivated on fresh N-free agar medium. Purified single colony from each strain was obtained. PHB 
production was examined in (Pozo et al., 2002) medium which supplemented with 1% fructose as carbon source 
 
Pseudomonas isolation: 

 
One ml aliquots of previously prepared serial dilution of rhizospheric soil plated into nutrient agar (NA) and 

Pseudomonas agar (PAF) and the plates were incubated for 7-10 days at 30oC. Such isolates were purified and 
subjected to morphological, cultural and physiological examinations. For P. aeruginosa, 0.1 ml of each dilution 
was plated on King medium B (King, et al., 1954) with 0.03% cetrimide was added to improve selection process 
(KBC) (Brown and Lowbury, 1965) and the plates were incubated at 28°C for 24-48 hours. After incubation, the 
morphological of shapes colonie were as follow: Pseudomonas strains are large, and their diameter were about 
2-3 mm, blue-violet, surrounded by a red-violet zone. For obtaining single colony form the grown colony as 
above was recultivated for further purification on the same selection medium. PHB production by Pseudomonas 
isolates was examined in (Qiang et al., 2001) medium which supplemented with 1% glucose as carbon source.  
 
Alcaligenes isolation: 

 
Alcaligenes spp. were isolated using mineral salt medium [20] maintained using nutrient rich medium (Du et 

al., 2001). 
 
Bacillus isolation: 

 
The samples of sterile distilled water were heated at 80°C for 15 min in a water bath. Then the soil 

suspensions were serially diluted in sterile distilled water. The different dilutions from 10-1 to 10-6 were plated 
on nutrient agar medium. The plates were incubated at 28-37°C for 24-48 hours (Chilcott and Wigley1993).  
Colonies which developed on the agar were differentiated by colours, elevation, form and edge appearance 
according to Sirockin and Cullimorc (1969). Pure bacterial isolates were obtained by re-culturing individual 
colonies several times on fresh agar medium to produce single colonies. The strains identification was 
included the spore morphology, gram stain and mobility. PHB production by Bacillus isolates was examined 
in (Aslim et al., 2002) medium which supplemented with 2% glucose as carbon source. 
 
Cultivation system: 

 
The inocula were prepared in 250 ml conical flasks containing 20 ml of different media, inoculated with a 

loop of tested cultures and incubated in a rotary shaker at 200 rpm at 30°C for 48 h. Then the inocula was 
transferred into 250 ml conical flasks containing 50 ml of the production medium and incubated in a rotary 
shaker at 200 rpm at 30°C for 48 h. (Khanna and Srivastava, 2006). 

 
Rapid screening of native bacterial isolates for PHB production: 
 
Sudan Black staining method: 

 
All the bacterial isolates were qualitatively tested for PHB production following the viable colony method 

of screening using Sudan Black B dye (Juan et al., 1998). For rapid screening of PHB producers, nutrient agar 
medium supplemented with 1 % glucose was sterilized by autoclaving at 121°C for 20 minutes and cooled to 
45°C. The medium was poured into sterile Petri plates and allowed for solidification. The plate was divided into 
6 equal parts and in each part, a bacterial isolate was spotted. The plates were incubated at 30°C for 24 hours. 
Ethanolic solution of (0.02%) Sudan Black B was spread over the colonies and the plates were kept undisturbed 
for 30 minutes. They were washed with ethanol (96%) to remove the excess stain from the colonies. The dark 
blue coloured colonies were taken as positive for PHB production. All the positive isolates were assigned the 
code numbers based on their source of isolation. 
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Fluorescent staining method: 
 
Detection the isolates of PHB production was also done following fluorescent staining method using 

acridine orange, as suggested by Senthilkumar and Prabhakaran (2006). 10 μl of 48 hr old culture of the isolate 
was transferred to an eppendorf tube containing 50 μl of acridine orange (Himedia) and incubated for 30 
minutes at 30°C. After the incubation period, the culture was centrifuged at 4000 rpm, for 5 min. The pellet was 
collected and resuspended in distilled water. A smear was prepared on a clean microscopic slide and observed in 
a fluorescent microscope at 460 nm. The appearance of yellow coloured granules inside the cell indicate PHB 
production. 
 
Quantification of PHB production and selection of isolates: 

 
All the Sudan Black B positive isolates were subjected to quantification of PHB production due to the 

method of John and Ralph (1961). The bacterial cells containing the polymer were pelleted at 10,000 rpm for 10 
min. and the pellet washed with acetone and ethanol to remove the unwanted materials. The pellet was 
resuspended in equal volume of 4% sodium hypochlorite and incubated at room temperature for 30 min. The 
whole mixture was again centrifuged and the supernatant discarded. The cell pellet containing PHB was again 
washed with acetone and ethanol. Finally, the polymer granules were dissolved in hot chloroform, allowed 
evaporating, and PHB weight was noted (Arnold et al., 1999). 

Then concentrated 10 ml hot H2SO4 was added to the polymer granules. The addition of sulfuric acid 
converts the polymer into crotonic acid which is brown colored. The solution was cooled and the absorbance 
read at 235 nm against a sulfuric acid blank. By referring to the standard curve, the quantity of PHB produced 
was determined. Based on the PHB yields, 10 promising bacterial isolates were selected for further studies. 
 
Optimization for PHB production: 

 
PHB producing bacterial strains grown in 250 ml conical flasks containing 100 ml MSM broth was 

subjected to optimization experiment to calculate the PHB as percentage of biomass. Optimization was done at 
different carbon sources viz., glucose, fructose, sucrose, maltose and cellulose at 1 % level, different ‘N’ sources 
were used viz., ammonium sulphate, ammonium chloride, ammonium nitrate and yeast extract, all at 1.0 g l-1 
concentration and the best carbon source and different concentrations of the best N source viz., 05, 1.0 and 1.5 g 
L-1.  In addition to, three different pH (6, 7 and 8) and different C:N ratios viz., 10:1, 15:1, 20:1 and 25:1 using 
the best C and N sources were done. After inoculation and incubated on a rotary shaker (200 rpm) at 30°C. After 
48 h, PHB yields were extraction by sodium hypochlorite method and quantified as mentioned before. 
 
Characterization of PHB producing bacterial isolates: 

 
The selection of most efficient PHB producing bacterial isolates was subjected to a set of morphological 

and biochemical tests for the purpose of identification. Morphological tests were done by the standard 
procedures given by Anonymous (1957) and Barthalomew and Mittewer (1950) but Biochemical tests were 
carried out as the method given by Cappuccino and Sherman (1992) with 24 hr old cultures. 
 
Statistical analysis: 

 
The data were analyzed by using complete randomized two factorial design (Panse and Sukhatme, 1985).  

Whenever the treatment difference is found significant with (f) test, CD was worked out at 1 % probability 
levels and the values furnished. 

 
Results  

 
Isolation of bacterial strains: 

 
A total of 180 strains were isolated from different soil samples. From the soil of Shalakan farm (soil 1), 85 

strains (SHF1 to SHF85) were isolated. Whereas soil from the South El Tahrir (soil 2), 47 strains (ST1 to ST47) 
were isolated and the soil from Wady El-Natron  (soil 3), 48 strains (WN1 to WN48) were isolated. The highest 
colony forming units-number was recorded from soil 1 (500 × 108 cfu) while the lowest in soil 2 (200 x 105). 
Gram reaction showed that from all purified strains, 102 were Gram negative rods, 58 were Gram positive rods 
and 20 were Gram negative coccobacilli. Biochemical analysis showed that PHB producing strains belonged to 
Pseudomonas, Azotobacter, Azospirillum and Bacillus genera. 
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The identification of isolates: 
 
Seventeen isolates of Azotobacter, eight isolates of Azospirillum, twenty five isolates of Alcaligenes, twenty 

isolates of Bacillus, eight Pseudomonas and two isolates of P. aeruginosa were isolated from different soil 
samples.  
 
Screening of the Isolates for PHB Production: 

 
All the 180 isolates were subjected for visual screening for PHB production using Sudan black B. The 

colour of the Sudan black B colonies were tested under fluorescent microscope using acridine orange (Fig.1). 
The positive bacteria were assigned the code number depicting the place of their origin. It was observed that out 
of 180 isolates, 45 isolates were found to accumulate PHB. Twenty isolates from the sandy soil from Wady El-
Natron (WN), fifteen were from South El Tahrir (ST) and ten from Shalakan farm (SHF) soils. It was found that 
17 isolates were deeply black coloured with (+++), sixteen isolates were medium black coloured with (++) and 
the rest were light black coloured with (+). 

 
1. Wady El-Natron (WN) isolates: WN2, WN4, WN8, WN10, WN11, WN12, WN15, WN18 and WN20. 
2. South El Tahrir (ST) isolates     : ST2, ST5, ST9, ST13 and ST15.  
3. Shalakan farm (SHF) isolates    : SHF3, SHF6 and SHF9 
 
 
 
 
 

 

WN2 WN 

 
Fig. 1: Acridine orange stained cells of WN2 and WN4 isolates under a fluorescent microscope 

 
Selection of promising bacterial isolates for PHB production: 

 
Forty five isolates obtained from the preliminary screening following the viable colony staining technique 

were subjected to quantification of PHB production. Based on the PHB yields, 10 promising isolates were 
selected covering all the sources of the isolates (Figure 2). These were WN2, WN4, WN10, WN11, WN12, 
WN20, ST2, ST13, ST15 and SHF3, which produced PHB yields of 0.160, 0.110, 0.100, 0.089, 0.098, 0.080, 
0.095, 0.088, 0.089 and 0.098 g/100 ml, respectively. 

 
Optimization and PHB extraction: 
 
Effect of Different Carbon Sources on PHB Yielded by the Selected Isolates of bacteria: 

 
The data presented in (Fig. 3) depict the effects of different carbon sources on PHB yield. The results 

interpreted significant differences for the isolates, carbon sources and their interactions as well. Amongst the 
different PHB isolates, WN2 was significantly superior when compared to all other isolates, followed by the 
isolate WN4. The rest of the isolates were found to be ineffective. Among the different carbon sources tested to 
evaluate their effects on PHB yield, glucose was found to be the best carbon source. It yielded a mean PHB of 
0.262 g/100 ml. This was followed by fructose with a mean PHB yield of 0.202 g/100 ml. The interaction effects 
of the isolate and carbon sources were also found to be significant. The isolate WN2 on glucose as the carbon 
source (1%) recorded the highest PHB yield of 0.500 g/100 ml which is superior to the yield of PHB (0.490 
g/100ml) produced by WN4. The isolate WN2 was found to produce significant high yield on fructose (0.410 
g/100 ml). Other tested sugars such as maltose and cellulose did not yield any PHB. 
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Fig. 2: Promising bacterial isolates selected according to PHB production  
 

 
Fig. 3: PHB productivity by the selected bacterial isolates as influenced by different carbon sources 

 
Effect of Different nitrogen Sources on PHB Yield by the Selected Isolates: 

 
Data pertaining to PHB yields produced by the selected isolates in presence of different N sources and the 

best carbon source (glucose 1%) are presented in (Fig. 4). There were significant differences for the isolates, N 
sources and their interactions. Among the isolates, WN2 was found to be a significantly higher PHB producer 
compared to all other isolates. It produced a mean PHB of 0.320 g/100 ml. This was followed by WN4 and 
WN10. ST17 produced the least mean PHB yield of (0.073 g/100 ml). Among different N sources, ammonium 
sulphate was found to be the best N source. It produced a mean PHB of 0.377 g/100 ml. The next promising N 
sources were ammonium chloride with 0.236 g/100 ml and ammonium nitrate with 0.102 g/100 ml PHB yields. 
Yeast extract was found to be the least supporter of PHB production. The interaction effects of isolates and N 
sources were also found to be significant. WN2 on ammonium sulphate produced the highest PHB of 0.680 
g/100 ml, which is significantly higher compared to PHB that is produced by WN4 (0.590 g/100 ml). The PHB 
production by WN2 with ammonium chloride and ammonium nitrate and yeast extract were found statistically 
on par with those produced by WN4. The rest of the isolates and their interaction effects were found to be 
significantly lower than those of WN4. 

 
Effect of different concentrations of ammonium sulphate (The best nitrogen source) on PHB yield by the selected 
isolates: 

 
PHB yields produced by the selected isolates when grown on different concentrations of the best N source 

(ammonium sulphate) in presence of the best carbon source (glucose 1%) are presented in Fig. 5. Amongst the 
different selected isolates WN2, was found to be significantly superior compared to all isolates including the 
WN4. It produced a mean PHB yield of 0.520 g/100 ml. WN4 and WN10 were the followed leading PHB 
accumulators. Out of three concentrations of ammonium sulphate, it was found that of ammonium sulphate, at 
1.0 g/L supported the highest PHB production (0.377 g/100 ml) when compared to other levels. In general, there 
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was an increasing of PHB production with an increase in ammonium sulphate concentration from 0.5 g/L to 1.0 
g/L. Amongst the interaction, it was found that the isolate WN2 was found to produce the highest PHB yield of 
0.680 g/100 ml at 1.0 g/L concentration which was significantly higher than the PHB produced by WN4 (0.590 
g/100 ml). In fact, WN2 was the highest PHB producer at all levels of ammonium sulphate, with SHF3 isolate 
was, similarly to be the least PHB producer at all levels. 

 

 
Fig. 4: Effect of different nitrogen sources on PHB productivity by the selected bacterial isolate  

 

 
Fig. 5: Influence of different concentrations of ammonium sulphate on PHB production by the selected bacterial  
            isolates 

 
Effect of different pH values on PHB Yield: 

 
Different pH values were maintained in the media prepared using the best carbon and nitrogen sources. 

Their effects on PHB production were evaluated. Data presented in Fig 6 showed that, out of the different pHs of 
media tested, pH 7.0 was found to be optimum for maximum PHB production by all the isolates. No PHB 
production was observed at pH 6.0 by any of the isolate. At pH 7.0, the highest PHB production of 1.100 g/100 
ml culture was produced by the isolate WN2 which was significantly higher than all the isolates, followed by the 
isolate WN4 which produced the yield of 1.033 g/100 ml culture. The lowest PHB productivity of 0.300 g/100 
ml culture was recorded for the isolate SHF3. At pH 8.0, all the isolates were found to produce lower yields 
showing that pH 6.0 and pH 8 were not suitable for PHB accumulation. WN2 was again the best isolate with 
mean PHB production of 0.567 g/100 ml. This was followed by WN4 (0.541 g/100 ml culture) and WN10 (0.430 
g/100 ml culture). pH 7.0 was found as the best pH for all the isolate. It resulted in the mean of PHB production 
of 0.631, while it was 0.349 g/100 ml culture at pH 8.0. 
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Fig. 6: PHB yields by the selected bacterial isolates as influenced by different pH values 

 
Effect of Different C:N Ratios on PHB Yield by the selected isolates: 

 
Different C:N ratios were maintained using the best carbon and nitrogen sources in the mineral salts medium 

and their effects on PHB production were studied. The data are presented in Fig 7 showed that, out of the isolates 
tested, WN2 was found to be significantly higher PHB producer mean where the PHB of 0.877 g/100 ml culture. 
WN4 and WN10 were found to be the next promising isolates although statistically inferior when compared to 
the WN2 strain. The lowest PHB concentration was recorded to SHF3 (0.238 g/100 ml culture). Amongst the 
different C:N ratios tested, 20:1 was found to be best C:N ratio supporting the highest PHB production (0.634 
g/100 ml culture). In all the isolates, there was an increasing PHB production with an increase of C:N ratios up to 
20:1 and tapering therefore. Interaction of WN2 with different C:N ratio were found to be significantly higher 
than WN4. The highest yield of PHB (1.100 g/100 ml culture) was by WN2 at 20:1. This was followed by WN4 
with 1.033 g/100 ml. The WN4 strain was found to produce the highest PHB content at 25:1 C:N ratio which 
was 1.100 g/100 ml culture. At, 20:1, the next promising strains were WN10 (0.890 g/100 ml culture) and ST17 
(0.75 g/100 ml culture). SHF3 recorded the lowest PHB content of 0.300 g/100 ml culture at 20:1 C:N ratio 
compared to all other isolates. 

 

 
 
Fig. 7: Effect of different C:N ratios of medium on PHB yields by the selected bacterial isolates 

 
 

Morphological and biochemical tests: 
 
Different strains isolated WN2 and WN4 are shown in Table. 2, while the results of different biochemical 

tests are given in Table 3. These results showed that both isolates were Gram negative, facultative short bacilli. 
Isolate WN2 is motile but WN4 is non-motile bacteria. Moreover, neither WN2 nor WN4 showed any catalase 
activity. Both isolates were further confirmed by sugar tests and the results indicate that WN2 showed positive 
reactions for glucose, mannose, mannitol and maltose except arabinose and arginine. The results for WN4 
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indicate that this strains gave positive reactions with glucose, arginine and mannitol, while gave negative 
reactions with mannos and maltose. No clear zone was observed around the WN4 isolate colonies grown on 
blood agar plate reflecting the absence of α- as well as β-haemolytic activities but in the case of WN2 isolate, 
clear zone was observed around the isolate colonies grown on blood agar plate. According to the morphological 
and biochemical tests the new two strains were found to be affiliated to the Stenotrophomonas (Pseudomonas) 
maltophilia (WN2) and Pseudomonas putida (WN4). These results are similar to the Bergey’s Manual of 
Determinative Bacteriology (Anonymous, 1974). 

 
Table 2: Morphological characteristics of the colonies and cells of bacterial isolates 

Bacterial isolates 

Morphological characteristics Pseudomonas putida 
(W4) Stenotrophomonas (Pseudomonas) maltophilia (W2) 

creamy white to pale yellow Colony color 

Smooth Smooth Colony texture 

-ve -ve Gram reaction 

rod-shaped straight or slightly curved Cell shape 

 
Table 3: Biochemical characteristics of bacterial Isolates. 

No Biochemical tests Reactions/Eenzymes WN2 WN4 

1 Potassium Nitrate Reduction of nitrates _ _ 

2 L-Tryptophane Indole production _ _ 

3 D-glucose Fermentation _ _ 

4 L-arginine Arginine Dihydrolase _ + 

5 Urea Urease _ _ 

6 Esculin ferric citrate Hydrolysis + _ 

7 Gelatin Hydrolysis (protease) + _ 

8 4nitrophenylβD-galactopyranoside Β-Galactosidase + _ 

9 D-glucose 

A
ss

im
il

at
io

n 
te

st
 

+ + 

10 L-arabinose _ _ 

11 D-mannose + _ 

12 D-mannitol + + 

13 N-acetyl-glucosamine + _ 

14 D-maltose + _ 

15 Potassium gluconate _ + 

16 Capric acid _ + 

17 Adipic acid _ _ 

18 Malic acid + + 

19 Trisodium citrate + + 

20 Phenylacetic acid _ _ 

21 Cytochrome oxidase + + 

22 Blood agar  + _ 

 
Discussion: 

 
Biopolymers produced by different microorganisms are getting very much importance both in agriculture, 

economics and health sciences. Among the biopolymers that are industrially important are bioplastics. There is 
need to optimize the conditions for high production of biopolymers. For this study samples were collected from 
three different soils i.e. clay soil and two sandy soils used for isolating PHB producers (Table 1). The 180 
isolates were tested for PHB production following the viable colony screening method (Juan et al., 1998) based 
on the intensity of staining. The relative occurrences of PHB accumulating microbes from a variety of soil 
samples were studied. In all, 180 bacterial isolates were isolated based on colony characteristics, out of which 
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45 were PHB producers. Out of these, 16 were moderate accumulators with ++ and 17 were strong accumulators 
with +++ and the rest 12 were poor accumulators with +. 

All the 45 Sudan Black B positive isolates were subjected to quantitative estimation of PHB production 
spectrophotometrically following the method of John and Ralph (1961). In this method PHB is converted to 
crotonic acid which is brown coloured. One gram of PHB is equallent to 1 gram of crotonic acid (Law and 
Slepecky (1969). By referring to the standard curve PHB production was quantified. For quantification, isolates 
were grown in Luria Bertani broth supplemented with glucose (2 %) for 48 hr and used. Similarly, Sujatha et al. 
(2005) also used LB broth containing glucose 2% as the medium, which favored PHB accumulation due to 
higher C:N ratio. It was interesting to note that PHB production varied from 0.010 to 0.160 g/100 ml of cell 
culture. Out of 45 isolates, 10 promising isolates were selected based on PHB yields. They were: WN2, WN4, 
WN10, WN11, WN12, WN20, ST2, ST13, ST15 and SHF3. They were selected to include at least an isolate 
from each source tested. Out of the 10 isolates, WN2 was the highest PHB producer with 0.160 g/100 ml 

culture. Sujatha et al., (2005) also selected two isolates out of 65, based on PHB yields. 
Optimization of fermentation conditions has been used to enhance yields and productivities of many 

bioprocesses. Hence, in order to maximize PHB production by the selected isolates, various factors such as 
carbon source, nitrogen source, pH and C:N ratio were optimized. Different carbon sources like glucose, 
fructose, sucrose, maltose and cellulose (1%) were amended to mineral salts medium and the bacterial isolates 
grown in them. Glucose was found to be the best carbon source. It yielded PHB in the average of 0.262 g/100 
ml culture. The best isolate WN2 has yielded the maximum PHB content of 0.500 g 100 ml-1 which was 
significantly higher than all the isolates. This was followed by fructose (0.202g/100 ml) and sucrose (0.087 
g/100 ml). But, cellulose and maltose did not support any PHB accumulation. The superiority of the glucose in 
increasing PHB is in line with Choi et al., (1994). They studied the biosynthesis of PHB by Hydrogenophaga 
pseudoflava from various carbon substrates. D-glucose (1%) yielded the highest PHB content of 67.30 %. 
Working with different carbon sources in MSM broth, Khanna and Srivastav (2005) observed higher PHB yield 
on fructose by A. eutrophus. They reported that glucose and fructose, being monosaccharides were readily 
utilized by bacteria and, hence, have supported growth and subsequently PHB production. The complex 
molecules, like starch and lactose were not utilized. In our experiment also, the isolates did not produce PHB on 
maltose and cellulose indicating that the isolates do not possess enzymes involved in the degradation of 
cellulose and maltose into glucose. As the complexity of the carbon source increased, PHB yield also decreased.  

To study the effects of nitrogen and to select the best nitrogen source for maximum PHB production, 
different nitrogen sources like ammonium sulphate, ammonium chloride and yeast extract were included in the 
mineral salts medium (1g/L), with the best carbon source (glucose, 1%). It is evident from the data that 
ammonium sulphate was the best supporter of PHB production (0.377g /100 ml), followed by ammonium 
chloride (0.236g /100 ml). These results are in agreement with the results obtained by Khanna and Srivastav 
(2005) who also observed the highest PHB production (2.260g 100 ml-1) by R. eutropha on MSM medium 
supplemented with ammonium sulphate. Mulchandani et al., (1989) and Raje and Srivastav (1998) also worked 
on the accumulation of PHB by A. eutrophus with different salts of ammonium. The highest PHB was obtained 
in ammonium sulphate followed by ammonium chloride. 

The presence of higher concentration of nitrogen in the medium is inhibitor for the accumulation of PHB. 
Hence, the concentration of the best nitrogen source needs to be optimized. Different concentrations of 
ammonium sulphate were amended to the MSM broth containing glucose (1%) as the best carbon source. From 
the studies, it was revealed that ammonium sulphate at 1.00g/L was the optimum level for all the isolates with 
the mean value of 0.377g/L. When ammonium sulphate concentration was increased from 0.50g/L to 1.00g/L, 
the PHB accumulation was also increased. But, at 1.5g/ L the PHB accumulation was decreased. This may be 
due to the absence of nitrogen stress condition required for accumulation of PHB. The effectiveness of 
ammonium sulphate 1g/L in enhancing PHB production is in accordance with Khanna and Srivastav (2005) who 
found that this level produced the highest PHB by R. eutropha. 

The effect of pH of the medium on PHB production was assessed. The data revealed that pH 7.0 was found 
to be optimum for all the isolates. pH 7.0 has recorded the mean PHB of 0.634g /100 ml compared to pH 8.0 
(0.349g /100 ml). The isolate WN2 was found to produce a PHB yield of 1.10g /100 ml at pH 7.0 on the 
optimized medium, which is significantly higher than the PHB produced by the WN4 strain (1.033g/ 100 ml). 
pH 7.0, being neutral, is the most favorable pH for bacterial growth and hence, would have contributed to higher 
PHB production. This was in agreement with Aslim et al., (2002) who observed that the PHB in Rhizobium 
strain grown on yeast extract mannitol broth adjusted to pH 7.0, the amount of PHB was 0.01 to 0.5 g/L culture 
and the percentage of PHB in these cells was between 1.38 and 40 percent of cell dry weight. Tavernler et al., 
(1997) also investigated the effect of different nitrogen, carbon sources and different pH values on the 
production of exopolysaccharide and PHB by strains of Rhizobium meliloti. They reported that these two strains 
showed higher PHB content at pH 7.0. 

Under normal conditions, bacteria synthesize their body materials like proteins and grow. But, in nutrient 
limiting conditions, bacteria may shift their protein synthesis to PHB synthesis for survival. To exploit this 
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phenomenon, experiments were carried out to study the accumulation of PHB with nitrogen limiting conditions. 
The C:N ratios were adjusted to 10:1, 15:1, 20:1 and 25:1 using glucose and ammonium sulphate as C and N 
sources respectively. The PHB yield analysis showed that there was the highest accumulation of PHB at 20:1 
C:N ratio, by all the isolates. The most efficient isolate WN2 was found to produce the PHB yield of 1.100g/100 
mL culture which is significantly higher than the PHB produced by the WN4 (1.033g/100 ml culture). The WN4 
strain has produced a PHB of 1.100g/100mL at 25:1 C:N ratio, but strain WN2 has produced this yield at 20:1. 
That means, strain WN2 requires less of glucose when compared to the WN4 leading to lesser cost of 
production at the industrial scale. At 25:1 C:N ratio, PHB yields were significantly lower by all the isolates 
when compared to those at 20:1. As the carbon content increased in the media keeping N as constant, up to 
certain limit (i.e., 20:1) PHB accumulation was increased and there off (25:1), it showed a decline. This was 
probably due to the substrate inhibition. Similar observations were made by other scientists. Belfaos et al., 
(1995) reported that glucose and ammonium ions were inhibitory at certain levels, which affect the specific 
growth rate and PHB production. Inhibition by ammonium ions Heinzle and Lafferty (1980) and substrate 
inhibition by carbon source Lee and Yoo (1991) on PHB production have been reported. Pozo et al. (2002) 
studied effects of culture conditions on PHA production by Azotobacter sp. and showed that growth conditions 
including pH, temperature and carbon source plays an important role in the production rate of PHA.  
 
Conclusion: 

 
The production of PHB from the difference isolates depending on different factors such as the following: 
1. The existence of carbon source where the sugar of glucose was considered the best carbon source to 

produce PHB compared to the other carbon sources. 
2. The presence of nitrogen source in the soil where 0.59/L of ammonium sulphate was the best source of 

nitrogen that help to produce PHB compared the other concentration of the studied concentrations of ammonium 
sulphate. 

3. Soil pH of the neutral range which is closed to pH 7.0 was considered to be the best value that helps the 
isolates to produce the PHB compared to the other pH of 6 and 8. 

4. C/N ratio was also one of the factors that affected the production of PHB by the isolates. The ratio of 
C/N that reach 20:1was considered the best ratio to produce the highest production of PHB. 
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