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Nonionic surfactants induced cloud point extraction of Polyhydroxyalkanoate
from Cupriavidus necator
Sivananth Murugesan and Regupathi Iyyasamy

Department of Chemical Engineering, National Institute of Technology Karnataka, Surathkal, Mangalore, India

ABSTRACT
Polyhydroxyalkanoate synthesized by Cupriavidus necator DSM 428 was purified from the crude
fermentation broth as such by performing nonionic surfactants (Triton X100, Triton X114 &
Tergitol 6) induced cloud point extraction. Polyhydroxyalkanoate was extracted into the micelle-
rich bottom phase (coacervate phase), while most of the cellular impurities partitioned into the
aqueous phase. Cloud point temperatures and the extraction efficiency of different cloud point
systems were studied at different pH value and in the presence of additives. Maximum extraction
of biopolymer was achieved (recovery of 84.4%) with a purity of 92.49% at 3 pH with the addition
of 0.1 M ammonium chloride in the mixed surfactant system at a reduced cloud point tempera-
ture of 33°C.
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Introduction

Polyhydroxyalkanoates (PHA) are biopolyesters that pos-
sess physical properties similar to that of commercial plas-
tics and are synthesized by a variety of microbes under
limited nutrient conditions with surplus carbon source.[1]

Over the current decade, there has been a growing market
for PHA in the field of packaging,[2] medical and
pharmaceutical,[3] and in the fuel industry.[4] Several stra-
tegies have been employed to synthesize different classes of
PHA from complex to simple carbon sources, especially
waste that could be utilized as carbon source[5] by various
microbes ranging from wild to genetically modified
strains.[6] Downstream processing of PHA is of current
research interest owing to the difficulty associated with
the separation of amorphous plastic from the fermentation
broth. In general, purification of PHA is a crucial step as the
process involves release of PHA into the medium during
cell lysis and which is then processed further for analysis
and usage. Cell disruption techniques like sonication, dis-
solved air flotation, gamma irradiation and sodium hypo-
chlorite disruption are slow and require several cycles,
while biological treatment involves large volumes of
enzymes for cell disruption.[7] Although LLE techniques
such as solvent extraction, super critical fluid extraction
and aqueous two phase extraction have been experimented
on PHA extraction, solvent extraction involving highly
toxic and volatile solvents has been commercially employed
for the purification of PHA. Utilization of hazardous

solvents in bulk volumes leads to an increase in the overall
purification cost and loss of nativity of the polymer due to
the reduction in molar mass caused by the breakage of
polymer granule.[6] Development of separation process to
extract hydrophobic compounds from the complex mix-
tures such as fermentation broth has been of wide research
interest as large scale operations involve higher operation
and maintenance cost, while most of the process are diffi-
cult to scale-up to industrial level.[8] With the invention of
surfactants and their varied types, aqueous two phase
micellar separation has been found to be an effective extrac-
tion process for hydrophobic solutes. Continuous addition
of surfactant to a solvent increases the monomeric surfac-
tant concentration, and micelles are found to form beyond
certain surfactant concentration. The lowest surfactant
concentration required to form micelle is referred to as
CMC.[9] With inclining temperature, the solubility of the
micelles decreases and the single aqueous surfactant solu-
tion turn into two coexisting isotropic phases (noted as
cloud point temperature), namely micelle-rich lower phase
(coacervate phase) and an upper aqueous phase.[10]Most of
the hydrophobic solutes get partitioned in the surfactant-
rich bottom phase, while the hydrophilic solutes partition
into the aqueous phase.[11] Cloud point extraction (CPE)
has been extensively researched toward the extraction of
metal agents like zinc, silver, cobalt, mercury, manganese,
copper, chromium and lanthanides; organic pollutants like
humic acid, fulvic acid, phenols and phenylamines; dyes
like yellow dye, malachite green, crystal violet and proteins
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including bacteriorhodpsin, cytochrome c and other
hydrophobic membrane proteins from their respective
feed mixtures.[12] Nonionic surfactants such as Triton X
100 and Triton X 114 have been widely used for the
separation of compounds owing to their mild and non-
denaturing nature toward the solutes; apart, ionic surfac-
tants have also been reported in CPE process. In case of
nonionic surfactants, the extraction of solute molecules
from the feed involves stronger hydrophobic interaction
with the surfactant tail group in a micelle. While electro-
static interaction exists between the solute and the charged
ionic surfactant heads during CPE. Such interactions can
be altered by varying the surfactant concentration, addition
of co-surfactant, Ionic strength and pH value.[12–14] Being
advantageous like biodegradable and eco-friendly, mini-
mum amount of surfactant required to form micelles,
hydrophobicity based extraction, higher efficiency on
extraction, scale-up opportunities, the possibility of recy-
cling the surfactant during continuous extraction process
over other separation process and most importantly its
ability to retain the nativity of the molecules during extrac-
tion, the present research article focuses on nonionic sur-
factants induced CPE of PHA in its native form from the
biomass present in the fermentation broth.

Materials and methods

Surfactants (TX100, TX114 and TMN6), Polymers (PEG
4000, 6000 & 8000) and Standard PHBV (12%) were pur-
chased from Sigma Aldrich, India. Sodium sulfate, sodium
chloride, ammonium sulfate and ammonium chloridewere
purchased from CDH, India. HPLC grade acetonitrile,
HPLC grade TFA and concentrated sulfuric acid (H2SO4)
(98%) were purchased fromMerck, India. Deionized water
was used during the protocols, and the experiments were
conducted at room temperature unless and otherwise sta-
ted. Cupriavidus necator DSM 428 procured from MTCC,
IMTECH Chandigarh, India was used in the submerged
batch fermentative production of PHAunder limited nutri-
ent condition. Ammonium sulfate as limited nitrogen
source and abundant crude glycerol as carbon source
were used in the medium. About 85% of PHA accumula-
tion in biomass was calculated by performing crotonic acid
assay as described in literature.[15] Fermentation broth after
incubation was used as such for the CPE protocol.
LABINDIA analytical UV 3000 + UV/Vis spectrophot-
ometer and Shimadzu HPLC LC 20 A series were used
for the UV spectral analysis, and Shimadzu LC-MS 2020
was used for chromatography andMass spectrometry ana-
lysis. Effect of individual surfactant concentration on the
extraction of PHA from the fermentation brothwas studied
by considering nonionic surfactants TX100, TX114 and
TMN6 at varying concentrations of 1–10 wt %. Equal

volumes of broth and desired concentration of surfactant
(wt %) were added to individual dry pre-weighed tubes.
The tubes were subjected to temperature change in a tem-
perature controlled water bath to form two phases. The
phase formation was examined visually for the onset of
cloud point and the clear separation of two distinct phases.
Later, the tubes were withdrawn and were allowed to cool
down to room temperature. Pellets were obtained by cen-
trifuging the mixture at 5000 rpm for 10 minutes and dried
in a hot air oven for 1 hour at 100°C. The tubes were
allowed to cool down to room temperature, and the post-
weight of the tubes was recorded. The difference between
post-weight and pre-weight of the tubes containing pellet is
noted down as cell dry mass (CDM). Further, the obtained
pellets were subjected to chloroform solubilization, and
required amount of the chloroform dissolved sample was
used to estimate the PHA content by performing crotonic
acid assay.[15] The absorbance recorded at 235 nm in the
UV/Vis spectrophotometer was used to calculate the PHA
amount present in the sample using the calibration curve
developed at different concentrations of standard PHBV.
The purity % (Eq. (1)) and recovery % (Eq. (2)) of PHA
were estimated.

Purity% ¼ðPHA extracted=Biomass CDMð ÞÞ � 100 (1)
Recovery% ¼ðPHA extracted=Initial PHA in BiomassÞ � 100

(2)

Effect of surfactant mixtures -TX100 + TX114, TX114 +
TMN6, TX100 + TMN6 on the cloud point extraction
of PHA from the biomass was studied by considering
different wt % of surfactant mixtures (1%, 5%, and 7%).
The Mixed surfactant system which gave maximum
purity % was considered to study the effect of fermen-
tation broth pH value (2–9), and the broth pH in the
presence of mixed surfactant system which gave max-
imum purity of PHA was considered for further pur-
ification studies. Effect of additives was studied by
considering polymer- PEG 4000, 6000 and 8000 with
the concentrations of 0.1, 0.5 and 1 wt %, while effect of
electrolytes was studied by considering salts from the
Hofmeister series like ammonium sulfate, ammonium
chloride, sodium sulfate and sodium chloride with a
concentration range of 0.1–1 M.

Chromatographic analysis of cloud point extracted
PHA

Chromatographic analysis was performed in HPLC
(Shimadzu LC 20 A) unit fitted with Rezex ROA
organic acid H+ (8%) column from Phenomenex,
USA. About 20 μl of the methanolysis PHA samples
from individual CPE optimization step which gave
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maximum purity of PHA was injected to the column
separately. About 0.014 N H2SO4 was used as the
mobile phase, while column oven temperature of 30°C
and PDA temperature of 40°C were maintained.
Chromatograms obtained at 235 nm were compared
to analyze the retention time of the peaks and their
respective peak intensities.

LC-MS analysis of standard PHBV solubilized in
chloroform was performed by running 20 μl of sample
in a RP-column capcell pak C18 MG II type fitted in
Shimadzu HPLC LC-MS 2020. Column oven was main-
tained at 30°C, while mobile phase consisting of HPLC
grade acetonitrile and water at 50:50 (vol: vol) was used in
an isocratic mode at a flow rate of 1 mL/min. Similarly,
bottom micelle phase of the cloud point system that gave
highest purity of PHA during the CPE as such and the
chloroformderivedmicelle phase of the same systemwere
analyzed at the above said operational conditions.
Chromatogram at 235 nm was recorded along with the
peak-specific mass scan obtained from ESI-MS. Nitrogen
was used as nebulizing gas maintained at a flow rate of
1.5 L/min, and the same was used as drying gas main-
tained at 15 L/min. MS unit heat block temperature was
maintained at 200°C, while the ion interface temperature
was maintained at 350°C. Chromatograms and the nega-
tive ion m/z peaks obtained were compared.

Results and discussion

Effect of individual surfactants

Extraction studies were performed by considering nonionic
surfactants TX100, TX114 and TMN6 due to their mild
and non-denaturing characteristics on biomolecules.[16]

Cloud point shift on addition of fermentation broth to
the surfactant solutions was noted, and it was observed
that the cloud point temperature was found to decrease

with increasing concentrations of TX100 and TMN6, while
it increased with increasing concentration of TX114 as
shown in Fig. 1a. Similar results have been reported for
increasing surfactant concentrations and cloud point
temperatures.[17] On addition of surfactant to the fermen-
tation broth, surfactant monomers solubilize the lipid
bilayer of the cell wall and forms micelles, thereby leading
to cell disruption and cell leakage.[18] Hydrophobic tail of
the surfactants interacts with hydrophobic solutes such as
PHA, hydrophobic proteins and lipid molecules, while the
hydrophilic head groups remain solubilized in the sur-
rounding water and interact with hydrophilic protein
molecules suspended in the aqueous environment. As a
result of stronger hydrophobic interaction between micelle
and PHA molecules in the medium, a stable micelle-PHA
complex is formed, as explained by necklace beadmodel[19]

and this complex settles down asmicelle-rich bottom phase
(coacervate phase).

Purity and recovery % of PHA were found to
increase in the order of TX100 < TMN6 < TX114 as
shown in Fig. 1b. As Hydrophile Lipophile Balance
number (HLB) of the surfactant solution (HLB value
of TX114-12.4, TMN6-13.1 & TX100-13.5) increases
with increasing surfactant concentrations, purity and
recovery of PHA declined as a result of decrease in
hydrophobicity of the surfactant system.[20] At
increased surfactant concentrations, the excess surfac-
tant micelles present in the solution encapsulate the
proteins and other biomolecules and settle down
along with the micelle-PHA complex, ultimately redu-
cing the purity and recovery of PHA.

Effect of mixed surfactants

Mixed surfactant systems were studied to in order to
foresee their effect on cloud point temperature and
extraction efficiency. As a result of mixing two different

Figure 1. (a) Cloud point temperature variation of different nonionic surfactants and their varying concentrations. ■ – TX100; ♦ –
TX114;▼ – TMN6 and (b) purity and Recovery % of different nonionic surfactants with varying concentrations. Purity :■ – TX100; ▼
– TX114; ● – TMN6; Recovery : ♦ – TX100; ▲ – TX114; ◄ – TMN6.
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surfactants at varying concentrations results in varia-
tion of HLB value of the micelle system which in turn
affects the cloud point temperature and the extraction
efficiency,[21] It was observed that the cloud point tem-
perature of mixtures containing TX114, that is, TX114
+TMN6 and TX114+TX100 had lower cloud points
than TX100+TMN6 mixture (data not represented).
Extraction efficiency was found to decline with increas-
ing HLB value of the respective mixed micelle systems
in the following order TMN6+TX114>TX100
+TX114>TMN6+TX100. Higher concentrations of
TMN6 and TX100 present in the mixture lead to
increase in the HLB value. Thus, increasing the extrac-
tion of hydrophilic solutes and reducing the purity and
recovery of PHA extracted from the fermentation
broth.[20]

As seen in Fig. 2, purity % was found to increase with
increasing concentrations of TX114 in the surfactant mix-
ture TX114 + TMN6, while the yield % decreased owing to
elevating hydrophilicity exerted by increase in TMN6 con-
centration in the mixture. TX114 + TMN6 mixture with a
total weight % of 5 (TX114 –4.5%+ TMN6 –0.5%) was
found to give maximum purity of 74.13%, while the cloud
point was noted to be at 36°C, yield % was about 16.18.
Similar effects reported in literature confirming that the
increasing concentration of TX114 in the surfactant mix-
ture of TX114 and Sodium Dodecyl Sulfate had a positive
influence on the extraction efficiency of chromium.[14]

Effect of fermentation broth pH

Effect of pH was studied to increase PHA recovery with
higher purity. On varying the broth pH value, the net

positive or negative charge of the cellular proteins
attained based on their pI and their interaction with
water molecules and micelles affects the extraction effi-
ciency. Fermentation broth pH value was varied
between 2 and 9 for the extraction, and the results
obtained are graphically represented in Fig. 3. Even
on varying the broth pH value, cloud point temperature
of the systems remained same at 36°C as that of mixed
surfactant system - 5 wt % of TX114+TMN6. As
observed in the figure, the purity and recovery % was
found to increase until pH value of 3 and further
increase in pH value reduces the purity and recovery
%. At strongly acidic pH value of 3, most of the pro-
teins attain a net positive charge and are attracted to
the aqueous phase thus resulting in a maximum purity
% of 79.38. Further increase in broth pH value leads to
variation in the surface charge of the proteins, which
might have led to protein-protein interaction and
aggregation over the coacervate phase, thus reducing
the extraction efficiency.

Effect of additives

The presence of additives has a significant role in the
reduction or increment of cloud point temperature of the
micellar system and has an effect on the extraction effi-
ciency by modulating the intermolecular forces between
the solute and the micelles.[12] In order to increase the
extraction efficiency further and to reduce the cloud point
temperature of themixedmicelle systems, additives includ-
ing polymers (PEG of varying molecular weight – 4000,
6000, 8000) and electrolytes from the hofmeister series
(sodium sulfate, sodium chloride, ammonium sulfate,

Figure 2. Purity/Recovery % and cloud point temperatures of
Mixed surfactant mixture (TX114+TMN6) at 5 weight %; a -
4.5% + 0.5%, b – 3.75% + 1.25%, c – 2.5% + 2.5%, d – 1.25% +
3.75%, e – 0.5% + 4.5%. Horizontal line bars represent cloud
point temperature °C, ■ – Purity and ● – Recovery.

Figure 3. Effect of broth pH on Purity and Recovery % of PHA
for TX114+TMN6 mixed micelle system. ■ – Purity and ● –
Recovery.
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ammonium chloride) were considered. Figure 4a depicts
the effect on cloud point temperature on addition of 0.1, 0.5
and 1 wt % of different PEG molecules. PEG molecules
formpolymer–surfactantmicelle aggregates in the presence
of micelles as explained by necklace bead model[19] and
results in reduction of surfactant concentration required to
form micelles which is usually lower than that of CMC,
known as critical aggregation concentration (CAC).[19] As
a result of PEG-surfactant interaction, cloud point tem-
perature decreases with increasing molecular weight and
their increasing concentrations.[22]

Purity of PHA extracted into the micelle-rich phase was
found to increase, while PHA recovery decreased with
increasing molecular weight and concentrations of PEG.
As PEG molecules are strongly hydrophilic compared to
surfactants, they get solubilized in the aqueous layer and aid
in the separation of proteins, while surfactants solubilize
most of the hydrophobic solutes in the micellar phase.[23]

As observed in Fig. 4b, purity and recovery % was found to
increase with the addition of PEGmolecules until 0.5 wt %
and with further increase in concentration purity and
recovery of PHA decreased, as a result of increasing hydro-
phobicity exerted by the PEG–surfactant micelle system.-
[24,25] However, the maximum extraction efficiency was
found at lower molecular weight PEG (i.e., PEG 4000)
and increasing molecular weight resulted in lower purity
and recovery of PHA as shown in Fig. 4b.

Four different electrolytes in the concentration range of
0.1–1 M were considered to study their effect on cloud
point temperature and extraction efficiency. The ethylene
oxide unit of the surfactant tails gets hydrated or dehy-
drated depending on the anions present in the salt, which
leads to surfactant’s structural deformation in amicelle and
thereby increasing or decreasing the cloud point of the
system.[26–28] From Fig. 5a, it is concluded that the addition
of sulfate salts increased the cloud point temperature, while

chloride salts decreased the cloud point temperature of the
system. However, increasing concentration of sulfate
declines the cloud point temperature, while increasing con-
centration of chloride salts resulted in increment of cloud
point temperature as a result of ionic charge and hydro-
phobicity imparted on the micelles.[29]

Larger ionic radius of ammonium compared to that of
sodium results in the reduction of cloud point temperature
due to the screening of hydrogen bonds between water and
the adjacent micelles. Further the exposure of hydrophobic
sites of micelles leads to micelle–micelle interaction and
micelle coalescence, which accelerate the formation of
micellar-rich lower phase.[30,31] The presence of electrolytes
in the medium imparts electrostatic interaction or repul-
sion with charged biomolecules, while the interaction
between nonionic surfactant micelles and PHA is purely
hydrophobic. Increasing salt concentrations leads to pro-
tein aggregation and precipitation that affects PHA extrac-
tion. From Fig. 5b, it is inferred that addition of 0.1 M
ammonium chloride impose a maximum purity of 92.49%
and recovery of 84.4%. In comparison to ammonium sul-
fate, ammonium chloride has a mild effect on the biomo-
lecules and most of the cellular proteins are retained in the
aqueous phase, thereby increase the purity and recovery of
PHA in the micelle phase, while the presence of ammo-
nium and sulfate salts and its increasing Ionic strength
leads to stronger interaction and precipitate the proteins,
which settle down over the coacervate phase and hence
declining the overall extraction efficiency.

Chromatographic analysis of cloud point extracted
PHA

Results obtained from crotonic acid assay were verified
by performing chromatographic analysis of PHA sam-
ples with maximum purity obtained during individual

Figure 4. (a) Cloud point temperature variation on the addition of PEG (different molecular weights and concentrations) with TX114
+TMN6 mixed micelle system. ■ – PEG 4000, ♦ – PEG 6000, ▼ – PEG 8000 and (b) purity and Recovery % on the addition of on the
addition of PEG (different molecular weights and concentrations) with TX114+TMN6 mixed micelle system . Purity : ■ – PEG 4000;
▼ – PEG 6000; ► – PEG 8000; Recovery : ♦ – PEG 4000; ▲ – PEG 6000; ◄ – PEG 8000.
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extraction optimization steps. Samples were subjected
to methanolysis[32], and the same was injected to the
column maintained at the above said column condi-
tions. It is inferred from Fig. 6a that the peak intensity
of PHA samples obtained during CPE by individual
surfactants increased in the order of TX100 < TMN6
< TX114, which is in agreement with the purity % of
PHA obtained via crotonic acid assay.

Figure 6b depicts the effect of other process variables
like mixed surfactants and their concentration, broth
pH and additives (PEG and salt) and their concentra-
tion on the PHA purity. It was found that the peak
intensity increased in the order TX114+TMN6 (4.5:0.5
– wt %:wt %) < pH 3 < PEG 4000 (0.5 wt %) <
ammonium chloride (0.1 M). Maximum peak intensity
acquired corresponds to the highest purity and recov-
ery of PHA obtained at a cloud point temperature of
33°C for the mixed surfactant system with a total mixed
surfactant concentration of 5 wt % (4.5% TX114 and
0.5% TMN6) at pH 3 and with the addition of 0.1 M
ammonium chloride as additive.

To confirm the presence of PHA and analyze the effect
of surfactant and chloroform on the retention of polymer
nativity, the LC-MS analysis of samples was performed in
LC-MS (Shimadzu LC-MS 2020) fitted with capcell pak
C18 MG II column. Figure 7 indicates the retention time
of standard PHBV peak, PHA frommicellar phase of CPE
and chloroform solubilized PHA from micellar phase of
CPE. It can be observed from the figure that the standard
PHBV had a retention time of ~4.1 minute, while PHA
obtained through CPE had a retention time of about
~4.9 minutes. Further, the chloroform derivatized PHA
from cloud point extracted micellar phase had a retention
time of ~4.2 minutes. The variation in retention time of
PHA from CPE and chloroform derivatized PHA reveals
the fact that chloroform results in structural deformation
of the polymer which is why, chloroformderivatized PHA
is assumed to have low-molecular weight that elutes out at
a reduced time interval than that of native PHA extracted
by cloud point extraction.

Negative ion peaks obtained during mass spectral
analysis of peaks corresponding to chromatographic

Figure 5. (a) Cloud point temperatures on the addition of salts at different concentrations with TX114+TMN6 mixed micelle system.
■ – sodium sulfate, ♦ – sodium chloride, ▼ – ammonium sulfate, ▲ – ammonium chloride and (b) purity and recovery % on the
addition of salts at different concentrations with TX114+TMN6 mixed micelle system. Purity: ■ – sodium sulfate; ▼ – sodium
chloride; ► – ammonium sulfate; ● – ammonium chloride; Recovery: ♦ – sodium sulfate; ▲ – sodium chloride; ◄ – ammonium
sulfate; + – ammonium chloride.

Figure 6. (a) Chromatographic peaks obtained at 235 nm for methanolysis samples of individual surfactants -TX114 (5%), TMN 6
(6%), TX100 (1%) and (b) chromatographic peaks obtained at 235 nm for methanolysis samples of mixed surfactants, broth pH and
additives – PEG and Electrolyte.
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peaks with retention time as explained above were
compared. MS detection results in random polymer
fragmentation and is observed as ion peaks with respect
to the molecule generated. Comparing the negative ion
peaks obtained for PHA from CPE and chloroform
derivatized PHA from CPE as shown in Fig. 8, it was
found that a few peaks are absent in the case of negative
spectrum of chloroform derivatized PHA, while most of
the peaks have a low molecular m/z compared to that
of native PHA from CPE.

Comparison of the extraction processes

Conventional extraction processes were performed to
compare the purity of PHA obtained with that of the
current developed CPE process. It was observed that
chloroform extraction of PHA[33] resulted in a purity of
88.76%, while sodium hypochlorite treatment[34] resulted
in a purity of 90.47%, while ultrasonication of crude broth
at 4 kHz for 5 minutes resulted in a purity of 78.37%.
Although, comparatively higher purity was obtained for
chloroform extraction, sodium hypochlorite treatment

and ultrasonication processes were lower than the overall
purity obtained via developed CPE process. CPE derived
purity % was higher, while recovery % was comparatively
lower than that of fixed temperature surfactant based
extraction as reported by Yang et al.[35] Considering the
facts that most of the nonionic surfactants are biodegrad-
able, are very mild and do not possess environmental
threat and reusage of surfactant during CPE process,
CPE induced by nonionic surfactants is a sustainable
method compared to solvent extraction methods (using
hazardous solvents) which cannot be focused as applica-
tion oriented separation process, such as pharmaceutical
and medical applications.

Conclusions

Industrially, chloroform extraction is employed for the
separation of PHA from biomass, which not only deterio-
rates the PHA nativity but also demerits the use of such
extracted PHA in biological applications. CPE is globally
endowed for its both solid-phase and liquid-phase

Figure 7. Chromatographic analysis of standard PHBV, PHA from micellar phase and chloroform solubilized PHA from micellar phase
at UV-235 nm.

Figure 8. Comparison of Mass spectral data of PHA from micellar phase and chloroform solubilized PHA from micellar phase.
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extraction and as a potent alternative of conventional
extraction methods with its standalone advantages.[36]

Though nonionic surfactants have been widely documen-
ted for its application toward CPE of membrane proteins
and other biomolecules, there are no previous articles
reported in the research domain to separate PHA from
fermentation broth by performing CPE. The present arti-
cle demonstrates the potential of nonionic surfactant
induced CPE of PHA and obtained a recovery of 84.4%
with 92.49% purity. Thus, nonionic surfactant induced
CPE of PHA will reduce the overall operating cost in a
more sustainable way by handling large volume, single
step extraction process at a minimum time and at low
cloud point temperatures. Chromatographic analysis reas-
sures that the nativity of PHA molecule is retained to a
larger extent and thereby, the molecules physiochemical
and mechanical properties remain unaltered. Thus, non-
ionic surfactant induced cloud point extraction of PHA
from Cupriavidus necator is first of its kind research
which involves extraction of PHA in its native form and
also involves removal of endotoxins in the most sustain-
able manner. The optimistic results obtained from the
batch experiments of cloud point extraction can be
further extended with insight toward continuous extrac-
tion involving recycling of surfactant which aids in further
reduction in overall cost of the process.

Abbreviations

CDM Cell Dry Mass
CMC Critical Micelle Concentration
CPE Cloud Point Extraction
ESI-MS Electrospray Ionization Mass Spectrometry
HPLC High Performance Liquid Chromatography
LC-MS Liquid Chromatography Coupled Mass

Spectrometry
LLE Liquid -Liquid Extraction
m/z mass-to-charge ratio
PEG Polyethylene Glycol
pI Isoelectric Point
PHA Polyhydroxyalkanoate
PHBV Poly (3-Hydroxybutyrate–co-3 Hydroxyvalerate)
rpm Rotation Per Minute
TFA Trifluoroacetic Acid
TMN6 Terigtol 6
TX100 Triton X 100
TX114 Triton X 114
Wt% Weight%
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