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simple procedure for recovering

biodegradable polymer from bacte-
rial cells has been developed using eco-
nomical and environmentally friendly
solvent or chemicals. Recombinant bac-
terium, Cupriavidus necator harboring
pBBRIMCS-C2 plasmid polyhydroxy-
alkanoate (PHA) synthase gene was
used for the production of copolymer
P(3HB-co-3HHx) from crude palm ker-
nel oil (CPKO). NaOH was chosen in
this study as it could give high purity
and recovery yield. Increase of NaOH
concentration had resulted in an increase
of the PHA purity, but the recovery yield
had decreased. The greater improve-
ment of PHA purity and recovery were
achieved by incubating the freeze-dried
cells (10-30 g/L) in NaOH (0.1 M) for
1-3 h at 30°C and polishing using 20%
(v/v) of ethanol. The treatment caused
negligible degradation of the molecu-
lar weight of PHA recovered from the
bacterial cells. The present review also
highlights other extraction methods to
provide greater insights into economical
and sustainable recovery of PHA from
bacterial cells.

The biodegradable polymer is not highly
competitive to petrochemical-based plas-
tics due to its high production and recovery
cost. Particularly, the cost of PHA recovery
from bacteria cells is more than 50% of the
total PHA production cost as revealed by
economic evaluation.! For large scale pro-
duction, PHA extraction cost should be as
low as possible with high PHA recovery
yield at the end of this product. The effi-

cient recovery process for PHA production
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depends on several factors. The main fac-
tor is the chemicals or solvents used for
recovery process which should be a green
chemical or green solvent. It will be a more
economical process if the green chemical
or green solvent is an inexpensive material.
Besides that, a simple process during oper-
ation of the PHA extraction which reduces
the energy, time and cost should also be
taken into consideration especially in the
large scale recovery process.

PHA is an intracellular product, thus
the methods adopted for its recovery focus
either on its solubilization or on the solu-
bilization of non-polymer cellular materi-
als (NPCM). The NPCM which consist
of nucleic acids, lipids, phospholipids,
peptidoglycan and proteinaceous materi-
als will be separated out from the polymer
during recovery process.*?

There are many different strategies for
the extraction and recovery of the polymer
or PHA from bacterial cells. Numerous
recovery processes have been proposed
to recover PHA from C. necator. These
involve solvent extraction, enzymatic diges-
tion method, sodium hypochlorite diges-
tion and the use of mechanical process
method.*® However, these methods are
generally complex, expensive, highly toxic,
cause severe degradation of molecular
weight of polymer and require large quan-
tities of non-environmental friendly sol-
vents.* Due to this, a simple, efficient and
more economical recovery method using
green chemicals or solvents is developed in
this research (Fig. 1). The green chemicals
or solvents are environmentally friendly
and their usage can result in reduced waste,
safer outputs and eliminated pollution.
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Cells containing P(3HB-co-3HHXx) obtained
through fermentation process

Recovery of P(3HB-co-3HHX) using NaOH
(0.1 M) for 1 hour at 30°C

Polishing of P(3HB-co-3HHX) granule with
20% (v/v) ethanol

Freeze-drying

GC analysis
(PHA composition, recovery and purity)

dus necator.

Figure 1. The work flow for the recovery of P(3HB-co-3HHx) produced by recombinant Cupriavi-

Currently, there are a lot of improved
methods to avoid the application of non-
environmental friendly solvent and chem-
ical that can reduce molecular weight of
polymer. Some improvement methods
include enzymatic digestion, mechanical
cell disruption and the use of supercriti-
cal carbon dioxide. Nevertheless, these
methods are still not in consideration
for the recovery process because they are
economically unattractive in comparison
with other methods.®® New methods like
spontaneous liberation, dissolved air flota-
tion and air classification are still under
investigation.®*'* Table 1 compares vari-
ous PHA extraction methods.

We had studied different alkalines
(NaOH, KOH, NH40OH and NaOCI)
because hydrolysis and saponification of
protein and lipopolysaccharides would
occur in the alkaline condition. This
action would make the cell membrane
partially permeable which enable sepa-
ration and purification of the polymers
inside this bacterium.!! The use of acids
(HCl and H2SO4) was considered as
they acted as digester of bacterial cell
walls. The NPCM and peptidoglycan of
cell walls were vulnerable to acidic solu-
tion which led to the release of protein
and other biological macromolecules into
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the aqueous solution.’ Salt would also
disrupt and lyse the bacterial cell walls as
the water rapidly have a function entered
the cells due to the osmotic pressure con-
dition.® Moreover, various surfactants
(Tween 20, Tween 80 and Triton-x-100)
were also studied because surfactants
monomer could incorporate into bilayers
cell envelope and cause disruption and
solubilization of NPCM.*

Aqueous solutions of NaOH, KOH,
and NaOCl were found to have high
potential of dissolving the NPCM of bac-
terial cells and to produce high PHA purity
and recovery yield. NaOH was selected as
a good candidate to recover copolymer
P(3HB-co-3HHx) from recombinant bac-
terium, C. necator. The solubilization of
NPCM by NaOH was the key phase in
this recovery process. Protein released was
determined to ensure that the protein in
the cell was completely digested (Fig. 2).
Protein released reached their maximum
dry biomass 0f 0.129 g/gat 0.10 M NaOH.
Released of higher protein indicated that
more NPCM were degraded, resulting in
the increase of PHA purity. NaOH at the
concentration of 0.10 M demonstrated the
appropriate concentration for the recovery
of copolymer P(3HB-co-3HHx) from bac-
terial cells.
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The purity of recovered polymers
increased as the temperature was increased
above 50°C."”” However, we had reported
drastic decrease of recovery yield from
84.9 wt% to 57.7 wt% as the temperature
was increased from 50°C to 80°C. It could
be explained that when temperature was
raised, acceleration of the chemical reac-
tion would occur which speeded up the
cell disruption and PHA degradation.
As a result, the purity of polymer would
increase but the yield of recovery might
decrease. Temperature of 30°C was con-
sidered as effective in this study (particu-
latly in tropical climate) as less energy was
required (i.e., heating or chilling) during
the recovery process. It is favorable to limit
the incubation time as to lessen the deg-
radation of polymer.'? Based on our study,
exposure of the bacterial cells to the NaOH
must be not more than 3 h in order to limit
the degradation of the PHA. In addition,
the recovery yields increased gradually
with the increment of cell concentration
from 5 g/L to 30 g/L and were relatively
constants above 30 g/L. Decrease in the
PHA purity with the increment of cell con-
centration was mainly due to the increase
in the viscosity of the reaction mixture
caused by the release of large amount of
nucleic acids.”® The recovery yields were
relatively constant because high cell con-
centration reduced the efficiency of NaOH
digestion of NPCM.

Organic solvent such as methanol,
acetone and ethanol were selected to pol-
ish the recovered polymers. Basically, these
mild polar compounds or short chain alco-
hols would solubilize the NPCM, leaving
the polymer granules remain intact in the
solvent.” Methanol could remove the cell
components and more impurities except
polymer while acetone was common sol-
vent used in the mcl-PHA extraction.”
Ethanol also preferable to polish the recov-
ered polymer as it could extract grease and
lipid from the cell debris.!* Ethanol was
chosen as the most suitable solvents for
polishing the recovered polymer because
it is environmentally benign, cost effective
and can be produced by renewable source.®
However, the recovery yield of recovered
polymer decreased after polishing process.

This method is applicable regardless of
bacteria and types of PHA. The improve-

ment recovery condition of the process;
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Table 1. Comparison of polyhydroxyalkanoates extraction methods®

Extraction method

Solvent extraction

Digestion by surfactants

Digestion by NaOCI
Digestion by NaOCl and chloroform
Digestion by NaOCl and surfactants

Digestion by chelate and surfactants

Selective dissolution of NPCM
Enzymatic digestion
Bead mill disruption

High pressure homogenization

Supercritical CO,
Using cell fragility
Air classification
Dissolved air flotation

Spontaneous liberation

10-30 g/L of cells incubated in NaOH
(0.1 M) for 60-180 min at 30°C and pol-
ished using 20% (v/v) of ethanol. Under
such conditions, the recovered copoly-
mer P(3HB-c0o-3HHx) could reach 80 to
90 wt% of purity and recovery yield.
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Figure 2. Effect of different concentrations of NaOH on the release of protein from bacterial cells.
Values are means of three replications.
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