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Abstract 

Polyhydroxybutyrate (PHB) is a non-toxic biodegradable polymer produced by some bacteria and can be 
applied in medical, pharmacology and food industry. Eight types of chemical components acting as 
supplements were added to culture medium as nutrient pulses. The growth of bacteria was monitored by 
recording the absorbance value at 600 nm for every 24 hours of cultivation. PHB was extracted using 
chloroform. Reading at 235 nm was recorded to determine the PHB concentration. By observing the dry 
cell weight, we observed the addition of sucrose increased the biomass of Azotobacter vinelandii mutant 
from 1.5 mg/mL to 5.6 mg/mL and 8.4 mg/mL after 3, 4 and 7 days of cultivation, respectively. The highest 
PHB concentration of 859.27 µg/mL was obtained after seven days of cultivation in the medium which was 
supplied with urea sequentially, With sucrose, the PHB concentration increased from 25.45 µg/ml to 99.59 
µg/ml and 655.56 µg/ml after 3, 4 and 7 days of cultivation, respectively. The PHB concentrations obtained 
with sucrose-pulses were the second highest after urea. As a conclusion, sucrose and urea are the two 
major factors in the growth and PHB production by A. vinelandii mutant.  
 
 

Abstrak 

Poli hidroksi butirat (PHB) adalah polimer biodegadasi yang tidak bertoksik dihasilkan oleh beberapa jenis bakteria 
dan boleh digunakan di dalam industri perubatan, farmakologi dan makanan. Lapan jenis komponen kimia telah 
digunakan sebagai bahan tambahan dan ditambah ke dalam media kultur sebagai nutrien tambahan. Pertumbuhan 
bakteria telah dipantau dengan merekodkan nilai absorbansi pada 600 nm untuk setiap 24 jam. PHB diekstrak 
menggunakan kloroform. Nilai absorbansi pada 235 nm direkodkan untuk menentukan kepekatan PHB. Dengan nilai 
berat sel kering, kami mendapati dengan penambahan sukrosa telah meningkatkan biojisim Azotobacter vinelandii 
mutant daripada 1.5 mg/mL kepada 5.6 mg/mL dan 8.4 mg/mL pada hari ke 3, 4 dan 7. Kepekatan PHB yang tertinggi 
adalah 859.27 µg/mL diperolehi selepas proses penkulturan didalam media yang dibekalkan dengan urea diselama 7 
hari. Dengan penambahan sukrosa, kepekatan PHB meningkat daripada 25.45 µg/mL kepada 99.59 µg/mL dan 655.56 
µg/mL selepas hari ke 3, 4 dan 7. Kepekatan PHB diperolehi dengan media yang ditambah dengan sukrosa adalah 
kedua tertinggi selepas urea. Sebagai kesimpulan, sukrosa dan urea adalah dua faktor utama dalam pertumbuhan A. 
vinelandii mutan dan Penghasilan PHB. 
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INTRODUCTION 

Polyhydroxybutyrate (PHB) is a neutral biodegradable thermoplastic polymer produced by certain bacteria 
that ingested carbohydrates. PHB belongs to the polyhydroxyalkanoates group and can be used in medical, 
pharmacology and food industry (Anbukarasu et al. 2015; Freier et al. 2002).  

 
Azotobacter vinelandii is a PHB-producer. There are several challenges in the production of cell biomass 
and PHB by A. vinelandii including medium composition and fermentation condition. In this paper, we 
discussed our preliminary study on the effects of chemical nutrient components on the growth of A. 
vinelandii and its PHB production. 

MATERIAL AND METHODS 

Growth Media and Chemicals 

Modified Ashby-sucrose was used as the growth medium. Sucrose, magnesium sulphate, sodium chloride, 
dipotassium sulphate, iron(II) sulfate, sodium molybdate, urea and dipotassium phosphate were added 
individually to the bacterial cultures as nutrient pulses. Commercial Clorox®, chloroform and sulfuric acid 
were used in PHB analysis. 

Inoculation of Azotobacter vinelandii Mutant 

Samples containing modified Ashby-sucrose medium were labeled from Experiment 1 to 9. Each 
experiment was conducted in duplication. Inoculum of A. vinelandii mutant strain ΔAvin_16040 was 
generated by aseptically transferring a single bacterial colony to Burk-glucose which was grown for 3 days 
by agitation at 200 rpm, 30ºC. One percent (v/v) of fresh inoculum was transferred to the labeled 
Ashby-sucrose medium and grown as for the inoculum.  

Nutrient Pulses 

Individual chemical (nutrient) was supplemented according to the Table 1 below. Nutrient pulses were 
introduced at 72, 96, 120 and 144 hrs of cultivation.  
 

Table 1. Concentrations of chemical supplement (per nutrient pulse) 
 
 

Flasks Chemicals Concentrations (g/L) 
Experiment 1 Sucrose 20 
Experiment 2 MgSO4·7H2O 0.2 
Experiment 3 NaCl 0.2 
Experiment 4 K2SO4 0.1 
Experiment 5 FeSO4·7H2O 0.01 
Experiment 6 NaMoO4·2H2O 0.005 
Experiment 7 Urea 0.5 
Experiment 8 K2HPO4 0.1 
Experiment 9 no supplement added - 

 

 



Samplings and Analyses 
 
Samplings were performed prior to introducing the respective chemical (nutrient) supplement at 72, 96 and 
168 hrs. Bacterial cultures were transferred to pre-weighed 2-mL microcentrifuge tubes and centrifuged at 
13,000 rpm for 1 min to pellet the cells. Supernatants were discarded. To obtain the cell dry weight, 
bacterial cell pellets were dried at 45ºC for overnight and weighed. PHB was analyzed according to 
Hiremath et al. 2015). 

RESULTS AND DISCUSSION 

The effects of sequential pulses of chemical nutrient components on the growth of A. vinelandii 
∆Avin_16040 mutant and PHB production were investigated. Table 1 showed the OD values at 600 nm 
which was indicative of the media turbidity of the bacterial cultures. We observed that the bacterial mutant 
showed rapid growth from the third day (72 hrs) to seventh day (168 hrs) in all the experiments. When the 
cell dry weights were examined, we observed that the sucrose-pulses caused significant increase in the cell 
biomass of A. vinelandii mutant (Table 2). The cell dry weights from Experiment 1 (sucrose-pulses) were 
5.6 g/L (96 hrs) and 8.4 g/L (168 hrs) as compared to 3.5 g/L (96 hrs) and 1.6 g/L (168 hrs) from 
Experiment 9 (no supplement added). 
 
Based on the results of PHB production, the highest PHB concentrations were obtained on the seventh day 
(168 hrs) when A. vinelandii mutant was cultured with urea-pulses (859.27 mg/L), followed by 
sucrose-pulses (655.56 mg/L) and MgSO4∙7H2O-pulses (453.82 mg/L). With urea-pulses, the PHB 
concentration increased from 11.72 mg/L to 99.59 mg/L and 655.56 mg/L after 72, 96 and 168 hrs of 
cultivation, respectively. With sucrose-pulses, the PHB concentration increased from 25.45 mg/L to 99.59 
mg/L and 655.56 mg/L after 72, 96 and 168 hrs of cultivation, respectively. 



 
Table 2. Growth and PHB contents of A. vinelandii ∆Avin_16040 mutant treated with different nutrient pulses. 

 
 

Samples 

72 hours ( Third day) 96 hours (Fourth day) 168 hours (Seventh day) 

OD600nm Cell dry 
weight (g/L) 

PHB (mg/L) OD600nm Cell dry 
weight 
(g/L) 

PHB (mg/L) OD600nm Cell dry 
weight (g/L) 

PHB (mg/L) 

Experiment 1 0.309±0.183 1.50±0.04 25.45±0.64 0.651±0.331 5.60±0.22 99.59±64.72 1.165±0.264 8.40±0.39 655.56±281.41 
Experiment 2 0.182±0.023 1.10±0.00 11.72±0.00 0.448±0.061 3.40±0.25 46.50±0.00 1.246±0.122 1.50±0.00 426.82±48.54 
Experiment 3 0.163±0.002 1.10±0.03 11.72±0.00 0.187±0.051 3.10±0.06 12.86±1.61 0.602±0.035 2.70±0.03 56.11±0.00 
Experiment 4 0.13±0.011 1.50±0.13 11.72±0.00 0.165±0.018 3.40±0.15 27.28±11.65 0.516±0.103 2.30±0.04 144.67±70.22 
Experiment 5 0.126±0.009 1.80±0.02 11.72±0.00 0.169±0.002 3.90±0.00 12.17±0.64 0.664±0.022 2.20±0.05 173.50±68.28 
Experiment 6 0.132±0.001 0.80±0.06 27.96±22.97 0.143±0.020 2.70±0.06 11.72±0.00 0.546±0.096 2.70±0.06 223.39±74.12 
Experiment 7 0.118±0.004 1.90±0.04 11.72±0.00 0.167±0.029 3.80±0.04 24.53±13.59 1.042±0.453 2.30±0.01 859.27±676.30 
Experiment 8 0.159±0.041 2.20±0.02 14.00±3.23 0.297±0.192 3.10±0.03 22.47±15.21 0.768±0.586 2.30±0.02 254.97±226.21 
Experiment 9 0.129±0.008 1.40±0.06 11.72±0.00 0.309±0.217 3.50±0.03 40.78±5.50 0.878±0.502 1.60±0.00 302.79±07.12 

 
 
 
 



CONCLUSION 

As a conclusion, sucrose, urea and MgSO4∙7H2O were the potential factors to positively affect the growth and PHB 
production of Azotobacter vinelandii mutant. Further studies are necessary to elucidate in greater details the 
influences of the chemical factors on the A. vinelandii mutant biomass and PHB production. 
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