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Optimization of polyhydroxybutyrate (PHB) extraction from Alcaligenes eutrophus DSM 545

by chloroform and sodium hypochlorite
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Abstract

Polyhydroxybutyrate (PHB), a type of bioplastics, has been attracted as an altemative source which is
feasible for taking the place of petroleum-based plastics. Generally, PHB is produced as an intracellular product
by Alcaligenes eutrophus DSM 545. In this study, the batch production of PHB was conducted in the shake flask
culture controlled at 30 °C and 250 rpm. The results showed that the cell concentration, yields of PHB on glucose
and cell, volumetric productivity of PHB and PHB concentration were maximized at 40 h of cultivation, which were
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cell ?

" 0.034 gL h'and 1.335 g L, respectively. In addition, the extraction
of PHB from A. eutrophus DSM 545 was studied by using chloroform and sodium hypochlorite. The optimization
condition of PHB extraction from dry cells was studied by Taguchi method. The two factors at three levels were
chosen (temperature 25 30 and 35 °C and extraction time 60 90 and 120 min). The results showed that the optimal
conditions were 30 °C and 120 min of extraction time that provided the maximum PHB recovery at 95.38%.
Moreover, it was found that the temperature was the important factor greater than the extraction time. Interestingly,
this finding can be possibly to apply in the industrial scale.
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Figure 1 Changes of concentrations of glucose (), ammonium sulfate (<), PHB (O) and cell dry

weight (A) with time course of batch cultivation.
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Table1 Experiment design and percentage of recovery of PHB from A. eutrophus DSM 545 using

chloroform and sodium hypochlorite extraction.

Factor Y%recovery SD MSD S/N
Experiment . .
A B
1 25 60 34.80 6.10 0.0023261 26.33
2 25 90 52.92 5.26 0.0009149 30.39
3 25 120 59.67 3.10 0.0007208 31.42
4 30 60 80.55 4.81 0.0003938 34.05
5 30 90 92.73 0.71 0.0002900 35.38
6 30 120 93.32 713 0.0002799 35.53
7 35 60 65.91 1.32 0.0005787 32.38
8 35 90 94.22 4.62 0.0002863 35.43
9 35 120 93.03 5.96 0.0002839 35.47
average 74.13 4.33 32.93

A= temperature (°C), and ’B = time (min), %recovery = (weight of PHB film/ weight of dry cell mass)*100

SD = standard deviation, MSD = Mean Squared Deviation, S/N = Signal to Noise Ratio.
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Table 2 Analysis of effect of factor base on S/N ratio (a) and average (b).
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S/N average
level A B* A’ B*
1 29.38 30.92 49.13 60.42
2 34.98 33.73 88.87 79.96
3 34.43 33.39 84.39 82.01
min 29.38 30.92 49.13 60.42
max 34.98 33.73 88.87 79.96
effect 5.60 2.81 39.73 19.54
%effect 66.59 33.41 67.04 32.96

A= temperature (OC),2 B = time (min).

Figure 2 Effect of extraction condition to percentage
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Table 3 ANOVA table of percentage of recovery of PHB from Alcaligenes eutrophus DSM 545 by

chloroform and sodium hypochlorite extraction based on S/N ratio and average.
Factor DOF Sum of Variance F-ratio Pure Sum Percent P  Confidence
(f) Sars. (S) (V) (F) (S) (%)
S/N ratio
Temp. 2 54.309 27.154 28.569 52.408 69.81 99.57
Time 2 16.968 8.481 8.923 15.062 20.06 96.65
Other/Error 4 3.801 0.950 10.13
Total 8 75.075 100.00
average
Temp. 2 8524.026  4262.013  133.480 71.800 69.81 100.00
Time 2 2556.372 12278.186 40.031  2492.512 21.15 100.00
Other/Error 22 702.455 31.929 7.05
Total 26 11,782.855 100.00
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Table 4 Optimal condition derive from factors analysis base on S/N ratio and average.

Optimal condition Y%recovery
A B’ Expect result Experiment result
S/N ratio 30 120 40.06 35.63+1.45
average 30 120 96.75 95.38 £ 1.18

"A= temperature (°C), ® B = extraction time (min).

T(°C) 25 30 35

Time (min)

60

90

120

Figure 3 PHB films from each extraction condition.
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