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ABSTRACT : With a view to design an economically viable production medium, the routine NLMS medium used in 
the production of the  biopolymer , Polyhydroxybutyrate (PHB ) with  a  bacterial  isolate  of a cashew nut industrial 
site,  Acinetobacter  junii CN1, was made cost effective by substituting with the cheap, renewable and locally available 
agro-wastes / resources. Besides, the media parameters / conditions / levels of nutrients / cultivation strategies were 
also statistically designed to optimize the PHB production. Subsequently, when an analysis was made on the production 
cost of PHB, with the medium designed in the present investigation, the cost is seemed to be relatively cheaper when 
compared with the experiments designed with the routine chemically defined medium.  However, the cost worked out [

 198 /- (US $ 2.93) per kg] does not include the manpower and other operational costs.  On an  average, even if  US 
$ 5  - 7  per kg is added  as the operational  cost ,  the  production cost of PHB  would  be ranging between US $ 8 and 
10 only and  thus proved to be economically viable.  
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I. INTRODUCTION 
 

The production cost of commercially available microbial PHAs is approximately US $ 16 per kg. This amount is 
comparatively 15 times higher than that of the conventional synthetic plastic, polypropylene [1]. Generally, the 
biopolymer producing microbes exploit glucose / sucrose as carbon source [2] [3] and the organic nitrogen compounds 
viz., amino acids and short peptides as nitrogen sources. These routine expensive media components tend to increase 
the production cost of the microbial polymer [4].  Thus it is evident that the major drawback in commercialization of 
biopolymer is mainly their high production cost, when compared with petrochemical plastics [5]. Hence, for the 
economical production of PHAs, cheaper renewable sources which could be used as the carbon feed stock and the 
bacterial strains able to produce large quantities of intracellular PHAs by exploiting the low - cost substrates are very 
much required. In this context, abundantly available wastes / resources generated through agricultural sector shall be 
exploited.  Further, the efforts are also underway to substantially reduce the same by designing more efficient 
fermentation medium [6] [7] with improved conditions and cultivation strategies [8], down streaming processes [9][10] 
[11]and the use of inexpensive substrates [12] as well. Especially, exploitation of inexpensive carbon sources to 
produce PHAs has been reported with remarkable economical advantages [13].  
In this context, the conventional approaches in which the fermentations are optimized empirically by using one-at-a-
time variation of process parameters seem to be inefficient and time consuming. Moreover, it assumes that the various 
fermentation parameters do not interact and the process response is not a direct function of the single varied 
parameter.  Further, it is evident that the observed behaviour of fermentation results from the interactive influences of 
the various variables [14] whereas the statistical optimization methods can correlate the interaction of variables in 
generating the process response. Factorial design of optimization experiments is especially suitable to account for the 
interactions, and its efficiency. A combination of factors (independent process variables) that could generate a certain 
optimum response can be identified through factorial design and the use of response surface methodology [15] [16] as 
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well. It provides a systematic and efficient research strategy for studying the interaction effects of various 
parameters. In addition to that the use of friendly software packages has made this technique increasingly popular for 
media optimization [14]. 
Thus with a view to design a cost effective media in a most economically feasible way, the Taguchi method has been 
adopted to optimize the media parameters and the levels of nutrients [17] .  
 

II. MATERIALS AND METHODS  
 

Designing Cost Effective Medium  
With a view to design a cost effective medium for the production  of the biopolymer  PHB  with  a  bacterial  isolate  of 
a cashew nut industrial site,  Acinetobacter  junii CN1, [18]  the basic design of the NLMS medium was suitably 
modified by substituting the nutrient sources with the cheapest substrates at different levels (Table  1 & 2 ) which were 
then subsequently optimized at various conditions and levels of physicochemical variables (Table  3 ). 
 

Table 1: Levels of substituted nutrient sources adopted for PHB production at  various  conditions 
Conditions Sources Substitutes Level 1 Level 2 Level 3 

A Carbon Sago Waste 1.00% 2.00% 3.00% 
B Nitrogen Corn Steep Liquor 0.10% 0.20% 0.30% 
C Citric acid Lemon Juice 0.10% 0.20% 0.30% 
D Trace elements Tender Coconut 1.00% 2.00% 3.00% 

 
                                 Table 2: Levels of physicochemical parameters adopted for PHB production at various  conditions  

Conditions Sources Level 1 Level 2 Level 3 
A pH 7 8 9 
B Temp ( °C ) 25 35 45 
C Incubation (hrs) 24 48 96 

 
            Table 3: Conditions versus Levels of nutrient substitutes  / Levels of physicochemical parameters adopted for PHB production 

Conical Flask Conditions  Conditions  
A B C D A B C 

Levels of nutrient substitutes Levels of physicochemical parameters  
1 2 3 4 1 2 3 

1 1 1 1 1 1 1 1 
2 1 2 2 2 1 2 2 
3 1 3 3 3 1 3 3 
4 2 1 2 3 2 1 2 

5 2 2 3 1 2 2 3 
6 2 3 1 2 2 3 1 
7 3 1 3 2 3 1 3 
8 3 2 1 3 3 2 1 
9 3 3 2 1 3 3 2 

 
In the present investigation, Taguchi method [17] was adopted not only to determine the optimal conditions / levels of 
nutrients and their substitutes in different combinations (Table 1 & 2) but also the various conditions / levels of 
physicochemical variables (Table 3 ). Further, the data pertaining to the process parameters were statistically treated 
with ANOVA to find out their level of significance in terms of their performance characteristics, which in turn were 
measured as signal to noise (S/N) ratio and grey relational analysis.  
 

III.   RESULTS AND DISCUSSION 
 

In order to maximize the effectiveness of conversion of constituent biowastes / bioresources, the potential PHB 
producer, Acinetobacter  junii CN1 strain [18]  an isolate of cashew nut industrial site has been exploited. Further, as an 
attempt to minimize the production cost of PHB, the basic design of the medium has been tailor made in a cost 
effective manner by adopting Taguchi and Grey analysis methods as well [17]  . Accordingly, the optimal conditions / 
level of nutrients / substitutes were determined (Table 4 - 6 ; Figure 1- 3) for the PHB production.  
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Table 4 : S/N ratio of biomass and biopolymer for nutrient constitutes 

  
Table 5 : Grading by  Grey Analysis with Reference to S/N Ratio Nutrient Constitutes 

                        
 

                           :Carbon;Nitrogen; CA: Citric Acid and TE: Trace Element) 
 

Table 6 : Mean response for the nutrient constitutes 
 
 
 
 
 

 
   
 
 
 
In the present investigation, the nutrients were substituted (glucose- sago; ammonium nitrate - corn liquor; citric acid - 
lemon juice; Trace elements - tender coconut) with the cheapest agro - industrial wastes / resources. Further, the 
analysis of data including interactions do also follow the same steps with the objectives to (i) determine the optimum 
condition (ii) identify the individual influence of each factor and (iii) to estimate the performance at optimum condition. 
However, to determine the optimum condition, the main effect and interaction effects have also been calculated. 
It is worth mentioning that a good experimental design which has to be adopted for the optimization should employ the 
fewest number of measurements to get the greatest amount of information. In this light, the Taguchi experimental 
design has been very frequently used for screening the process variables that make the greatest impact on a process [19].  
Accordingly, the   present   investigation   has successfully employed the Taguchi experimental design to determine the 
relative importance of medium components and environmental factors in PHB production. Further, the variation of 
each factor was determined with orthogonal array. By studying the main effects of each of these factors, the general 
trend in the influence of factors towards the process can be characterized. Thus the characteristic of a particular 
influencing factor which could produce the preferred results can be controlled. Besides, the levels of factors which 
could produce the best results have also been predicted by Krishna Prasad et al. [20].  Dingra and Kumari Priya [21]  
have used different concentrations of jaggery (0.4 to 1%) and soybean (0.2 – 1%) flour as a carbon and nitrogen source 

S/N Ratio of    Biopolymer Normalize Coefficient S/N Ratio of Biomass Normalize Coefficient Grey Grade 
5.145 0.225 0.535 -1.660 0.000 0.471 0.503 
0.964 0.478 0.630 6.989 0.651 0.718 0.674 
5.336 0.214 0.531 3.076 0.357 0.580 0.556 
8.874 0.000 0.471 5.400 0.531 0.655 0.563 
-1.663 0.636 0.710 6.572 0.620 0.701 0.705 
-7.687 1.000 1.000 11.623 1.000 1.000 1.000 
2.036 0.413 0.603 7.687 0.704 0.750 0.676 
-3.733 0.761 0.789 8.369 0.755 0.784 0.786 
2.545 0.382 0.590 5.778 0.560 0.699 0.630 

S. No. C N CA TE Bio-polymer 
g/L 

S/N Ratio of 
Bio-polymer 

Biomass 
g/L 

S/N Ratio of 
Biomass 

1. 1 0.1 0.1 0.1 0.553 5.145 0.826 -1.660 
2. 1 0.2 0.2 0.2 0.895 0.964 2.236 6.989 
3. 1 0.3 0.3 0.3 0.541 5.336 1.425 3.076 
4. 2 0.1 0.2 0.3 0.36 8.874 1.862 5.400 
5. 2 0.2 0.3 0.1 1.211 -1.663 2.131 6.572 
6. 2 0.3 0.1 0.2 2.423 -7.687 3.812 11.623 
7. 3 0.1 0.3 0.2 0.791 2.036 2.423 7.687 
8. 3 0.2 0.1 0.3 1.537 -3.733 2.621 8.369 
9. 3 0.3 0.2 0.1 0.746 2.545 1.945 5.778 

Parameters 
Table for Mean 

1-MEAN 2-MEAN 3-MEAN 
C 0.578 0.756 0.697 
N 0.581 0.722 0.728 

CA 0.763 0.622 0.646 
TE 0.613 0.784 0.635 

TOTAL 2.5339 2.8840 2.7067 
MEAN GREY 0.677   
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respectively. They have found that the usage of 1% and 0.2 % soybean flour in minimal media as the most effective 
levels.  

 
         Figure 1: S/N ratio of biomass with various nutrients  constitutes       Figure 2 : S/N ratio of PHB in various nutrient constitutes        
 
In this milieu, a wide variety of low cost carbon and nitrogen sources such as molasses and corn steep liquor [22], whey 
[23], banana pseudostem [24] , damaged food grains, pea shells, apple pomace and palm oil effluent [25], starch [26] 
and dairy waste like cheese whey [27]  have also been experimented by various researchers during the last three 
decades. As far as the present study is concerned, the carbon source was made available in excess and the nitrogen 
source in deficit.  The nitrogen starvation condition is expected to generate high intracellular concentrations of PHB by 
slowing down the cell growth [28] [29] [30].    
It is noteworthy that the synthesis of PHB can be correlated with the formation and consumption of acetate, an 
intermediate. The high concentration of PHB would suppress acetate formation. This is desirable because acetate 
inhibits cell growth [30].   On the other hand, the extremely fast synthesis of PHB seems to be unfavourable to cells, 
since it exerts high metabolic stress [31]. Therefore, the production of PHB and the level of acetate have to be balanced 
to optimize fermentation [32].     
In the present investigation, the optimum nutrient condition for the growth media of the biomass were seemed to be 10 
g/L - sago, 1 g/L - corn steep liquor, 2 ml/L - lemon juice and 30 ml/L tender coconut . On the other hand, for the 
production media of biopolymer, the optimum nutrient conditions opted were as follows: 20 g/L - sago, 2g/L - corn 
steep liquor, 3ml/L - lemon juice and 20 ml/L - tender coconut. Further,  on subjecting the data obtained for Grey 
analysis against the various constituents  / nutrients involved in PHB production (Table 4-6; Figure 1 -3) to ANOVA 
(Table 7 ), the results revealed their  percentage contribution as 28, 23.6, 19 and 29 % against carbon, nitrogen, citric 
acid and trace elements respectively.  
 

Table 7 : ANOVA for the nutrient sources and their % contribution 
Parameters DOF SSQ MEANSQ F % Contribution 

C 2 0.050 0.025 60.372 28.072 
N 2 0.042 0.021 50.818 23.629 

CA 2 0.034 0.017 41.425 19.262 
TE 2 0.052 0.026 62.950 29.270 

Error 0 0.000   0.232 
Total 8    100 

 
Reema et al. [33], while assessing the effect of different carbon sources viz., maltose, glucose, fructose, sucrose, lactose, 
arabinose and xylose on PHB production, have observed the maximum yield (49 mg/L) with maltose. Similarly, among 
different nitrogen sources (Ammonium Nitrate, Ammonium Citrate, Ammonium Sulphate, Glycine, Tryptone, Urea & 
Ammonium Dihydrogen Phosphate) tested against the PHB production, ammonium nitrate has been reported to show 
the highest (185 mg/L) yield [33].  
Further, the effect of signal noise ratio (S / N ratio) value of optical density has also been worked out to determine the 
influence of different parameters on PHB production [17] . The effect of S / N ratio on optical density and the influence 
of different parameters on the biopolymer production are being shown in Table 8 - 11 and Figure 4 - 6. The optimum 
conditions for the production of biomass were found as pH 7, temperature 30 °C and 24 hrs of incubation period. 
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   Figure 3 :Grey analysis for PHB production in                                        Figure 4 : S/N ratio of biomass against various  
                   various nutrient constituents                                                         physicochemical parameters 
 
Wherein the biopolymer (PHB) production, except the incubation period (48 hrs), the optimal values of the other 
parameters (pH 7 & temperature 30 °C) remained same as in the earlier case.  Vishnuvardhan Reddy et al. [34] have 
reported to show PHB production in 18 hrs and which reached the optimal level at 48 hrs in Bacillus Spp.  
 

Table 8 : S/N ratio of PHB and biomass against physicochemical parameters 
S.No. pH Temperature °C Incubation 

Hrs 
PHB g/L 
 

S/N Ratio of 
PHB g/L 

Biomass 
g/L DCW 

S/N Ratio of 
Biomass g/L 

1. 4 20 24 0.1 20.000 2.89 9.218 
2. 4 30 48 0.632 3.986 1.62 4.190 
3. 4 40 62 0.423 7.473 2.23 6.966 
4. 7 20 48 0.119 18.489 1.283 2.165 
5. 7 30 62 0.320 9.897 1.89 5.529 
6. 7 40 24 1.529 -3.688 2.36 7.458 
7. 9 20 68 0.536 5.417 1.368 2.722 
8. 9 30 24 1.186 -1.482 3.325 10.436 
9 9 40 48 0.110 19.172 0.528 -5.547 

 
Table 9 : Grading by Grey analysis with reference to S/N ratio for physicochemical parameters 

S/N Ratio of 
Biopolymer Normalize Coefficient S/N Ratio of 

Bio-Mass Normalize Coefficient Grey Grade 

20.000 0.000 0.471 9.218 0.924 0.921 0.696 
3.986 0.676 0.733 4.190 0.347 0.577 0.655 
7.473 0.529 0.654 6.966 0.783 0.804 0.729 

18.489 0.064 0.487 2.165 0.482 0.632 0.560 
9.897 0.427 0.608 5.529 0.693 0.744 0.676 
-3.688 1.000 1.000 7.458 0.814 0.827 0.913 
5.417 0.616 0.698 2.722 0.517 0.648 0.673 
-1.482 0.907 0.905 10.436 1.000 1.000 0.953 
19.172 0.844 0.851 -5.547 0.000 0.471 0.661 

                       
Table 10 : Mean response for the physicochemical parameters 
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Table 11: ANOVA for the % contribution of the physicochemical parameters 
Parameters DOF SSQ MEAN SQ F % Contribution 
pH 2 0.007 0.004 0.365 5.702 
Temperature 2 0.030 0.015 1.455 22.719 
Incubation 2 0.083 0.041 4.085 63.773 
Error 2 0.010   7.806 
Total 8    100.000 

 

 
           Figure 5 : S/N ratio of PHB against various                                  Figure 6: Grey analysis of PHB production against  
                             physicochemical parameters                                                          various physicochemical parameters 
 
Fascinatingly, the  very promising level of  PHB ( 1.186  g / L )  was recorded  by the  biomass of  3.325 g / L  on dry 
cell weight basis,  at  30 ºC  and 24 hrs of incubation ( Table 21) .  Followed by that, the next higher level of PHB 
(1.529 g / L) was recorded at 40 ºC and 24 hrs of incubation with the biomass content, 2.36 g ( dry cell weight) / L. 
Sangkharak  and Prasertsan [35], while  observing  the three strains (ES16, N20 & U7) of halotolerant photosynthetic 
bacteria (R. sphaeroides) on cultivation in GM ( Glutamic acid & Malate  containing medium)   with pH 7.0 , on a 
shaker (150 rpm) at 37ºC for 96 hrs , recorded  the  PHB  consent of  4.44, 3.41  and 1.45 g / L   against  the  biomass  
8.23 , 8.12 and  7.44  g / L  respectively. Whereas Hassan et al. [36]   have reported 4 g/ L PHA with 67% DCW of R. 
sphaeroides IFO 12203, under anaerobic condition on 200 hrs cultivation.  
With reference to the impact of pH on PHB production, in E. aerogenes, Reema et al. [33] have recorded the highest 
yield of 158 mg / L and 193 mg / L with pH 7 and 37 °C respectively. As for E.aerogenes, 48 hrs of incubation period 
is seemed to be optimum (185mg/L) for PHB production [33].  
Contradictorily, Hamieh et al. [37] have reported with the maximum PHB production of 0.412 and 0.367g / 50 ml with 
Lactobacillus acidophilus and B.thuringiensis respectively at pH 5.5. Generally, the metabolic processes are highly 
susceptible to even slight changes in pH [38]. Besides, the bioavailability of trace elements would also be altered by pH 
of the medium [39]   .       
Yet another finding of Flora et al. [40]   has revealed the maximum PHB production in B.sphaericus at the pH range 6.5 
- 7.5. Nevertheless, Tripathi et al. [41]   have reported 34 - 54 °C and pH 6.54 as optimal conditions for PHB 
production. However, at elevated levels of temperature (> 40 °C) and pH (>7.5) the PHB content seemed to be 
decreased with the enhanced PHB depolymerase activity [40]   [41]. 
In the present investigation, while treating the Grey analysis data with ANOVA, the percentage contribution of the 
selected parameters such as pH, temperature and incubation period on PHB production were seemed to be 5.7, 22.7and 
66.7 % respectively. Thus it is evident that the incubation time does play remarkably a significant role in PHB 
production. 
It is believed that the cost of various ingredients of production media can have a profound impact on the overall cost of 
production and accounts for about 38 – 78% of the total production cost [42].   In general, the cost of the defined media 
(Basic Media) is seemed to be highly expensive when compared to the semi-defined medium. Further, the cost of the 
purified ingredients is also remarkably greater than the crude components. 
  
Hence in the present investigation, with a view to design a cost effective media in an economically feasible manner, the 
ingredients were chosen and their cost was also worked out (Table 12). Accordingly, as on date, the cost of PHB 

0.00

5.00

10.00

15.00

20.00

0 2 4 6 8 10

S/
N

 R
at

io

Levels
pH Temp Incub

0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90

0 5 10

G
re

y 
G

ra
de

Levels
pH Temp Incub



  
                         
                      ISSN(Online) : 2319-8753 

                                                                                                                                                                      ISSN (Print)  :  2347-6710 

International Journal of Innovative Research in Science, 
Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Vol. 5, Issue 9, September 2016           

Copyright to IJIRSET                                                      DOI:10.15680/IJIRSET.2016.0509170                                                 16666 

  

production media of the present study is around   198 /- (€ 2.69; US $ 2.93) per kg. This amount is seemed to be 
relatively cheaper when compared to the conventional routine chemical ingredients exploited in the production media, 
which amounted 319/- (€ 4.33; US $ 4.71) per kg. However, this amount does not include manpower and the other 
operational costs.  
 

Table 12: Cost of Raw materials used in PHB production 

S.No. 
 Basic media Cost effective media 
Consumption  Cost ( ) of PHB Per  Kg  Consumption Cost ( ) of PHB Per  Kg  

1.  Glucose 144.00 Sago  40.00 
2.  Ammonium nitrate 20.00 Corn powder  20.00 
3.  Citric acid 20.00 Lemon Juice  15.00 
4.  Trace elements 45.00 Tender   Coconut  35.00 
5.  MgSO4.7H2O 03.00 MgSO4.7H2O  03.00 
6.  KH2PO4 85.00 KH2PO4  85.00 
  Total 319 .00 Total  198.00 

 
On an average , even if  US $ 5  - 7   per kg is added  to the substrate  cost as the operational  cost  ,   the  production 
cost of PHB  would  be ranging between US $ 8 and 10  only.   Chanprateep, [43]   while reviewing the market price of 
PHAs    for the year 2010, has shown an average of US $ 3.7 / kg.    To derive the current price, 2 % can be added per 
year to the cost of PHAs’ 2010.   Whereas Van - Thucoc et al., [1]   have worked out the production cost of 
commercially available PHAs as approximately US $ 16 per kg. Thus in the present investigation, the production cost 
of PHB is seemed to be comparatively cheaper with the chosen substrates. 

 
                                                             IV. CONCLUSION 
 

In the present investigation, the routine NLMS medium has been made cost effective and thus proved to be 
economically viable. However, in near future, by genetically modifying the bacterial isolates of agro-industrial sites, 
for enhanced PHB production potentials, the production cost shall be reduced further. Besides, the performance 
properties and processability of PHB can also be improved with biobased additives. This practice would undoubtedly 
enable the biopolymers to compete with the existing non-renewable plastics. Thereby, assures green and clean 
environment. 
 

V. ACKNOWLEDGEMENT 
 

The Authors gratefully acknowledge the Ministry of Environment and Forestry, Govt. of India, New Delhi for the 
financial assistance and the Management SFR College for Women for having extended the infrastructure. 

 
REFERENCES 

 
[1] Van -Thucoc, D.,  Quillaguaman,J., Mamo and  Matiasson, B.,   “Utilization of agriculture residues for poly-3-hydroxybutyrate production by  

Halomonas boliviensis”, Journal of  Applied Microbiology , Vol. 104, pp .420-428,2008. 
[2]  Belder, A.N.,   “Dextran: In: Polysaccharides and their derivatives”, 3rd Ed. Academic Press, London, pp. 417-499, 1993. 
[3] Kang,k.S.,  Veeder G.T., and Cottrell, I.W., “Some novel polysaccharides of recent development , Proceedings of  International  

Microbiology”,Vol., 18 , pp. 13-17,1993. 
[4]  Hansen, P.M.T., “Food hydrocolloids in the dairy industry”, Plenum Press, New York1993. 
[5] Chisti, Y and  Grothe, E., “Poly (ß hydroxybutyric acid) thermoplastic production by Alcaligenes latus: Behaviour of fed-batch cultures”, 

Bioprocess Engineering, Vol. 22, pp. 441-449, 2000. 
[6] Grothe, E., Young M.M., and  Chisti, Y., “Fermentation optimization for the production of poly-β-hydroxybutyric acid, microbial thermoplastics”, 

Enzymes and Microbial Technology, Vol.25 , pp. 132-141, 1999. 
[7] Patwardhan P.R. and  Srivastava,A.K., “Model-based fed-batch cultivation of R. eutropha for enhanced biopolymer production”,Biochemistry 

and Engineering Journal, Vol. 20 , pp.  21-28, 2004. 
[8] A.Arun, R.M. Murugappan, R.A.D. David, V. Veeramanikanan and B.Shanmuga,  “Utilization of various industrial wastes for the production of 

poly-β-hydroxybutyrate (PHB) by Alcaligenes eutrophus”, African  Journal of  Biotechnology, Vol. 5 , pp. 1524-1527, 2006 
[9] Chisti,Y., “Strategies in downstream processing, In: Bioseparation and Bioprocessing. A Handbook”, G.Subramanian  (ed) Vol. 2, Wiley-VCH, 

New York, Vol. 2  , pp. 3-30, 1998. 
[10]  Tamer,I,M., Moo-Young, M. and  Chisti,Y., “Optimization of poly(β-hydroxybutyric acid) recovery from Alcaligenes latus: Combined    
        mechanical and chemical treatments”, Bioprocess Engineering, Vol. 19 , pp. 459-468, 1998.  



  
                         
                      ISSN(Online) : 2319-8753 

                                                                                                                                                                      ISSN (Print)  :  2347-6710 

International Journal of Innovative Research in Science, 
Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Vol. 5, Issue 9, September 2016           

Copyright to IJIRSET                                                      DOI:10.15680/IJIRSET.2016.0509170                                                 16667 

  

[11] Jung, I,L., Phyo,K.H.,  .Kim, K.C.,  Park, H.K. and Kim, I.G.,   “Spontaneous liberation of intracellular polyhydroxybutyrate granules in 
Escherichia  coli”, Research Microbiology, Vol. 156  , pp. 865-873, 2005. 

[12] Lemos,P.C., Serafim,L.S. and Reis, M.A.M. “Synthesis of polyhydroxyalkanoates from different short-chain fatty acids by mixed cultures    
        submitted to aerobic dynamic feeding”, Journal of  Biotechnology, Vol.122 , pp. 226-238,2006. 
[13] Quillaguaman, S., Hashim, F., Bento, B., Mattiasson, B. and Hatti-Kaul, R. “Poly(hydroxybutyrate) production by a moderate halophile, 

Halomonas  boliviensis LC1 using starch hydrolysate as substrate”, Applied Microbiology, Vol.99 , pp. 151-157, 2005. 
[14] Khanna, S. and Srivastava, A. “Recent advances in microbial Polyhydroxyalkanoates”, Process Biochemistry, Vol., 40 , pp. 607-619, 2005.  
[15] Conley, W.C.  “Computer Optimization Techniques”. Princeton, N.J. Petrocelli , ,pp. 147–163,1984. 
[16] Khuri A.I. and Cornell, J.A.  “Response surfaces”, (2 nd edition), Marcel Dekker, New York,1987. 
[17] Abishek, D.T.  and Srivastava, S.K.  “Novel approach for optimization of fermentative condition for polyhydroxybutyrate (PHB) production by   

Alcaligenes Sp. using Taguchi (DOE) methodology”, African  Journal of  Biotechnology, Vol.10  , pp. 7219-7224, 2011. 
[18] Poornima, S.  ‘Production, Optimization and Characterization of PHB of Acinetobacter junii CN1 Strain an Isolate of Agro-industrial 

Site’,PhD.,  Thesis, Madurai Kamaraj University, Madurai, 2016. 
[19] N.Logothetis, ‘In quality through  design: Experimental design, off line quality control and Taguchi’s contribution” Clarendon Press, Oxford, 

U.K,1989,  . 
[20]  Krishna Prasad,K., Venkata Mohan,S.,  Vijaya Bhaskar, Y., Ramanaiah,S.V., Lalit Babu, V.,  Pati,P.R. and  Sarma, P.N. “Laccase  production 

using Pleurotus ostreatus 1804 immobilized on PUF cubes in batch and packed bed reactors: Influence of culture conditions”, Journal of  
Microbiology, Vol. 43 , pp.  301-307, 2005. 

[21]  Dingra,H,K. and  Kumari Priya, M.  “Physiological and molecular identification of polyhydroxybutyrate (PHB) producing microorganism 
isolated from root nodules of leguminous plants”, African  Journal of  Biotechnology, Vol. 7, pp. 3961-3967,2013. 

[22] Wang,Y.J., Hua, F.L,  Tseng, Y.F.,  Chan,S.Y., Sin, S.N.  Chua, H.,  Yu, P.H.F.  and Ren, N.Q.  “Synthesis of PHAs from wastewater under 
various C:N ratios”, Bioresource Technology, Vol.98 , pp. 1690-1693, 2007. 

[23] Khanafari, A.,  Sepahei Akhavan, A.  and Mogharab, M.  “Production and recovery of poly-β- hydroxybutyrate from whey degradation by 
Azotobacter”, Iraian Journal of  Environmental Health Science and Engineering, Vol. 3 , pp.  193-198, 2006. 

[24] Kalia, V.C.,  Raizada, N.  and Sonakya, V.  “Bioplastics”, Journal of  Science and Industrial  Research, Vol. 59, pp. 433-445,2000,. 
[25] Kalia, V.C. , Kumar, A.,  Jain, S.R.  and Joshi, A.R.  “Biomethonation of plant materials”, Bioresearch Technology, Vol.41, pp. 209-212, 1992. 
[26] Lillo, J.G.  and Valera, R.F.   “Effects of culture conditions on poly-β- hydroxybutyric acid production by Haloferax medifferanei”, Applied 

Environmental Microbiology, Vol. 56  , pp. 2157-2521, 1990. 
[27] Yellore, V.  and Desai, A.  “Production of poly-β- hydroxybutyrate and whey by methylobacterium Sp. 2P24”, Applied Microbiology, Vol. 26 , 

pp. 391-394, 1998. 
[28] Kim, B.S.,  Lee, S.Y. , Chang, H.N.,  Chang, Y.K.  and Woo, S.I.  “Production of poly (3-hydroxybutyric acid) by fed-batch culture of 

Alcaligenes eutrophus with glucose concentration” , Biotechnology and Bioengineering, Vol. 43 , pp. 892-898, 1994. 
[29] Lee, S.Y. , Middelberg, A.P.  and Lee, Y.K.  “Poly(hydroxybutytrate) production from whey using recombinant Escherichia coli”, 

Biotechnology Letters, Vol. 19 , pp.  1033–1035, 1997. 
[30] Patnaik, P.R.  “Fed-batch Optimization of PHB Synthesis through mechanistic, cybernetic and neural approaches”, Bioautomation, Vol. 5  , pp. 

23 – 38, 2006. 
[31] Wang, J.  and Yu, J.  “Kinetic analysis on formation of Poly(3-hydroxybutyrate) from acetic acid by Ralstonia eutropha under chemically 

defined conditions”, Journal of Industrial  Microbiology and  Biotechnology, Vol. 26 , pp. 121-126,2001.  
[32]  Braunegg, G.,  Lefebre, G.,  Renner, G.,  Zeiser, A., Haage, G.  and Loidl-Lanthaler , K. “Kinetics as a tool for polyhydroxyalkanote production   
         and optimization”, Canadian Journal of Microbiology, Vol. 41 , pp. 239-248, 1995. 
[33] Reema, A., Faiza, S.  and Vasar, S.  “Biotechnological production of poly-β-hydroxybutyrate (PHB) from Enterobacter aerogenes”, Global     
       Journal of Mul. Applied Science, Vol.  1 , pp.  1-8, 2013.  
[34] Vishnuvardhan Reddy, S.,  Thirumala, M.  and Mahmood, S.K.  “A novel Bacillus Sp. accumulating poly-β-hydroxybutyrate-co-3- 
        hydroxyvalerate) from a single carbon substrate”, Journal of Industrial Microbiology and  Biotechnology, Vol.  36, pp. 837-843, 2009.  
[35] Sangkharak, K.  and Prasertsan, P.  “Nutrient optimization for production of polyhydroxybutyrate from halotolerant photosynthetic bacteria  
        cultivated under aerobic-dark”,  Electroic Journal of Biotechnology, Vol. 11 : 1-12,2008. 
[36] Hassan, A.M. ,  Shirai, Y.,  Kusubayashi, N.,  Ismail Abdul Karim, M..,  Nakanishi, K.  and Hashimoto, K.  “The production of 

Polyhydroxyalkanoate anaerobically from palm oil mill effluent by Rhodobacter sphaeroides”, Journal of Fermentation  Bioengineering, Vol. 
83 , pp.  485-488, 1997.   

[37] Hamieh,A., Olama, Z. and Holail, H.  “Microbial production of polyhydroxybutyrate, a biodegradable plastic using agro-industrial waste 
products”, General  and Advanced Research Journal of Microbiology, Vol.  2 , pp.  054-064, 2013. 

[38] Wei , Y.,  Chen, W. ,  Huang , C.,  Wu, H., Sun, Y.,  Lo C.  and Janarthanan, O .  “Screening and evaluation of polyhydroxybutyrate- producing 
strains from indigenous isolate Cupriavidus taiwanensis strains” , International  Journal of . Molecular Science, Vol. 12  , pp. 252-265,2011.  

[39] Ramadas, M.,  Paul, W.,  Dileep, K.J.,  Anitha, V.  and Sharma, C.P.  “Lipoinsulin encapsulated alginate - chitosan capsules: Intestinal delivery 
in diabetic rats”, Journal of Microencapsulation, Vol. 176  , pp. 405 – 411, 2000. 

[40] Flora, G.,  Bhatt, K.  and Tuteja , U.  “Optimization of culture conditions for Poly Â-Hydroxybutyrate production from isolated Bacillus 
Species”, Journal of Cell Tissue Research, Vol. 10 , pp. 2235-2242, 2010.  

[41] Tripathi, A.,  Suresh, K.,  Srivastava B. and Ravi, P.S.  “Statistical optimization of physical process variables for bioplastic (PHB) production by     
        Alcaligenes Sp”, Biomass Bioenergy , Vol.55 , pp.  243- 250, 2013. 
[42]  Krishna Prasad, N.  “Downstream process technology”, PHI learning private limited, New Delhi, 2010. 
[43]  Chanprateep , “Current trends in biodegradable Polyhydroxyalkanoates”, Journal of Bioscience and   Bioengineering, Vol.  110, pp.  621-632, 

2010. 


