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Abstract
Microalgae, a sustainable source of multi beneﬁcial components has been discovered and
could be utilised in pharmaceutical, bioenergy and food applications. This study aims to investigate the
sugaring-out eﬀect on the recovery of protein from wet green microalga, Chlorella sorokiniana CY1 which
was assisted with sonication. A comparison of monosaccharides and disaccharides as one of the phaseforming constituents shows that the monosaccharides, glucose was the most suitable sugar in forming the
phases with acetonitrile to enhance the production of protein (52% of protein). The protein productivity
of microalgae was found to be signiﬁcantly inﬂuenced by the volume ratio of both phases, as the yield of
protein increased to 77%. The interval time between the sonication as well as the sonication modes were
inﬂuencing the protein productivity as well. The optimum protein productivity was obtained with 10 s of
resting time in between sonication. Pulse mode of sonication was suitable to break down the cell wall of
microalgae compared to continuous mode as a lower protein yield was obtained with the application of
continuous mode. The optimum condition for protein extraction were found as followed: 200 g/L glucose
as bottom phase with volume ratio of 1:1.25, 10 s of resting time for ultrasonication, 5 s of ultrasonication
in pulse mode and 0.25 g of biomass weight. The high yield of protein about 81% could be obtained from
microalgae which demonstrates the potential of this source and expected to play an important role in the
future.
Keyword: sugaring-out; Chlorella sorokiniana CY1; liquid biphasic ﬂotation; sonication; microalgae;
extraction

1 INTRODUCTION
Microalgae are being studied intensively as a
potential replacement of feedstock for the next
generation in the bioenergy production (Chia et al.,
2018a). The carbohydrates and lipid content within
most of the microalgae species are the major
constituents
to
produce
biofuels
through
transesteriﬁcation, biochemical conversion and
thermochemical conversion (Xia et al., 2013; Ho et
al., 2017; Chia et al., 2018b), while other constituents

such as pigments, vitamins, polyphenols and
polyunsaturated fatty acids are the high valuable
compounds that are beneﬁcial to mankind and animal
health (Yang et al., 2010; Ma et al., 2011; Chew et al.,
2017) with biological activities such as antitumor,
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antimicrobial, anti-diabetes etc. (Liu et al., 2010; Guo
et al., 2011). Besides these constituents, the protein
content in microalgae was identiﬁed to be a potential
substituent to conventional protein source. Microalgal
protein is often discussed and investigated as the
consumers are paying more attention to the health
beneﬁts and notably it oﬀers an alternative source of
protein to vegan or allergenic consumers (Hariskos
and Posten, 2014). The protein content of microalgae
could be as high as 40% to 70% (Becker, 2007), and
has a comparable composition with the lipid content
within microalgae. This high composition of protein
could possibly substitute the main protein supply for
human nutrition due to the rapid growth rate of
microalgae and their high photosynthetic eﬃciencies
in speciﬁc environments (Markou and Nerantzis,
2013).
Conventional techniques for the extraction of
bioactive compounds require longer processing time,
cost-consuming with complex scale-up (Asenjo and
Andrews, 2012). In order to overcome these signiﬁcant
problems in the extraction of bioactive compounds,
an eﬃcient liquid biphasic ﬂotation (LBF) method
was proposed. LBF is the formation of two types of
immiscible solutions, with the induction of air bubbles
to the system. LBF is a combination of the aqueous
two-phase system (ATPS) with solvent sublation (SS)
(Phong et al., 2017). LBF is proposed mainly due to
the wide application of ATPS in the separation of
biomolecules and could be performed better with an
enhancement of SS (Platis and Labrou, 2009). Among
all the downstream processing methods, ATPS is
scalable, cost-eﬀective, and a good recovery of
biomolecules could be obtained from biomass in
various studies (Frampton et al., 2015; Zimmermann
et al., 2018). ATPS acts as an eﬀective and simple
platform for the puriﬁcation of biomolecules with
good performance, which paves a way towards
industrial applications (Soares et al., 2015). On the
other hand, SS is able to concentrate the targeted
biomolecules from the aqueous solution with a
suitable gas ﬂow rate and type of solvents applied in
the system (Sobianowska et al., 2009). ATPS is a
liquid-liquid fractionation technique with water as the
main medium, which prevents the denaturation of
biomolecules. The principle of SS is based on
nonfoaming adsorptive bubbles separation, by
allowing the biomolecules absorbed to the surface of
bubbles and the bubbles subsequently ﬂoat up from
the bottom liquid phase to the upper liquid phase
(Sobianowska et al., 2009). Therefore, LBF is claimed
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to have the advantages of both ATPS and SS, as
mentioned above.
Apart from the extraction methods of biomolecules,
the cell disruption method is equally essential in order
to break down the cell wall of microalgae to release
the targeted biomolecules. There are several types of
cell disruption methods to release protein from the
biomass,
for
example,
manual
grinding,
ultrasonication, bead-beating, high pressure cell
disruption and alkaline treatment (Saﬁ et al., 2014). In
this study, sonication was exploited to assist in the
extraction of protein. The mechanism induced by
sonication such as erosion, sonoporation,
fragmentation and more (Khadhraoui, 2018), often
enhance the extraction of the targeted component.
These mechanisms allowed the inner medium of
natural sources to be released by damaging the
membrane or cell wall of the plant. Sonication is used
as “green and innovative” approach in green
processing, pasteurization, and extraction as it can be
used to overcome the current issues faced in industries,
such as low production eﬃciency, time-consuming
procedures and a large quantity of wastewater
(Chemat et al., 2017a). The green impacts of
sonication for downstream processing are a reduction
of wastewater, time and energy-saving (use of the low
volume of water, shorten or simpliﬁed procedures for
heating and stirring, etc.) and elimination of hazardous
substances which preserve the environment.
Sonication can be performed using a bath sonicator or
probe horn. The bath sonicator is often known as
indirect sonication while the probe type is considered
to be direct sonication. The sonicator probe generally
provides more ultrasound energy compared to
sonicator bath (Wu et al., 2001). The cell wall structure
of microalgae was taken into consideration as its cell
wall consists of polysaccharides and glycoprotein
matrix, which made the cell wall intrinsic and provides
formidable defence towards the environment (Gerken
et al., 2013). Hence, sonication was performed using
the sonicator probe.
In this study, the extraction of protein from
microalgae was carried out by using LBF assisted
with probe type sonication. The protein extracted
through sugaring-out eﬀect has been investigated
with diﬀerent types and concentrations of sugar as
well as the working volume of both phases in the
system. Besides, this study was performed with
Chlorella sorokiniana, a microalgal that consists of
higher protein content. The studies related to
sonication such as pulse mode and continuous mode
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for assisting the extraction of protein were determined
to evaluate the optimum parameters during the
extraction process.

2 MATERIAL AND METHOD
2.1 Material
Glucose, sucrose, maltose, fructose, acetonitrile
and Bradford reagent were obtained from R&M
Chemicals (Malaysia). The solutions used for protein
recovery were prepared from distilled water and the
medium used for microalgae cultivation was prepared
from deionized water. The working standard solutions
of BSA were prepared by appropriately diluting the
stock solution of 2 mg/mL using distilled water. All
the purchased chemicals and solvents were analytical
grade.
2.2 Apparatus
A liquid biphasic ﬂotation (LBF) equipment with a
total volume of 500 mL was connected to the oilless
air compressor (Model: PAC750-240F) with a
capacity of 24-L tank, motor speed of 1 450 r/min,
maximum pressure of 8 bar and an air displacement
of 107 L/min for the generation of air bubbles. The
LBF equipment is a 15-cm height of glass column
with an inner diameter of 7 cm, equipped with the
sintered disk of G4 porosity at the bottom of the glass
column. The thickness of the glass column is 0.4 cm.
The air ﬂowrate of the system was regulated using the
rotameter (Dwyer, USA) in a range from 25 to
250 mL/min. The ultrasound treatment was introduced
using Bandelin Sonopuls (UW 2200, Germany) with
a titanium horn sonotrode (TT 13/FZ). The schematic
of LBF equipment is as shown below (Fig.1).
2.3 Medium
cultivation

composition

and

microalgae

A green microalgae strain, Chlorella sorokiniana
CY-1, was selected in this study. The medium used in
the pre-cultivation and batch cultivation for the
microalgae is BG-11 medium with a continuous
supply of 2.5% CO2. The composition of BG-11
medium is as follows: 1.5 g/L of NaNO3, 0.03 g/L of
K2HPO4, 0.075 g/L of MgSO4∙7H2O, 0.006 g/L of
citric acid, 2 g/L of Na2CO3, 3.6 g/L of CaCl2∙2H2O,
0.6 g/L of ferric ammonium nitrate, 0.1 g/L of EDTA,
2.86 g/L of H3BO3, 1.81 g/L of MnCl2∙4H2O, 0.222 g/L
of ZnSO4∙7H2O, 0.39 g/L Na2MoO4∙2H2O, 0.079 g/L
of CuSo4∙5H2O and 0.049 g/L of Co(NO3)2∙6H2O.

Fig.1 Schematic of the equipment used in liquid biphasic
ﬂotation (LBF)

The initial culturing of microalgae and the
transferring of inoculums into photobioreactor were
carried out within the laminar ﬂow chamber to reduce
the possibility of biological contamination. The precultivation of microalgae was performed for one
week, whereas the batch cultivation was performed
within 10 to 14 days. The nitrogen content was
determined on daily basis and the wet microalgae
were harvested when the nitrogen content of
microalgae was about 10% of the original nitrogen
content at Day 1 of batch cultivation (nitrogen
starvation). The nitrogen content of microalgae
biomass was determined by centrifuging the harvested
biomass at 6 000 r/min for 5 min (Eppendorf, 5430).
The supernatant was obtained and 10 times dilution
was performed prior to analysis. The sample was
tested at a wavelength of 220 nm by using UV-Vis
spectrophotometer (Chew et al., 2018).
2.4 Determination of protein content
The protein content of microalgae biomass was
examined using a modiﬁed Bradford method
(Bradford, 1976). 0.25 mL of sample was mixed with
2.5 mL of Bradford reagent to measure the extracted
protein content from microalgae. A wavelength of
595 nm was used to determine the extracted protein

No.3

CHIA et al.: Protein isolation from microalgae

901

Table 1 Operating parameters for sonication-assisted LBF through the sugaring-out eﬀect
No.

Operating parameter

Variables

Unit

1

Selection of sugar

Sucrose, fructose, maltose, and glucose

N/A

2

Concentration of glucose

150, 175, 200, 225, 250, 275

g/L

3

Volume ratio

1:0.75, 1:1, 1:1.1, 1:1.25, 1:1.33

N/A

4

Resting time

5, 10, 15, 20, 30

s

5

Pulse and continuous mode

Pulse: 3, 5, 10, 15
Continuous: 2, 5, 7.5, 10

Pulse: s
Continuous: min

6

Concentration of microalgae

0.25, 0.5, 0.75, 1, 1.25, 1.5

g

by using UV-Vis spectrophotometer. The concentration
of protein extracted was determined by converting the
obtained absorbance values via calibration between
OD595 and BSA protein concentrations. The protein
calibration curve was obtained using BSA as a
standard and the working standard solutions are
prepared in a range of 0.025 to 2 mg/mL.
2.5 Determination of separation eﬃciency (E),
total protein content and yield (Y)
The separation eﬃciency (E) for the extraction of
protein was calculated using Eq.1:
E=(VT×CT)/(VB×CB),

(1)

where VT is the volume obtained for the top phase, VB
is the volume obtained for bottom phase, CT is the
concentration of the top phase and CB is the
concentration of bottom phase.
The total protein content in the microalgae (PT)
was calculated using Eq.2:
Total protein content in microalgae (%)=Nea×NTP, (2)
where Nea is the total nitrogen (%) of Chlorella
sorokiniana and a value of 7.05% was obtained by
elemental analysis; NTP is a constant value of the
nitrogen-to-protein conversion factor, which is 4.78.
The yield of protein (Y) from microalgae was
calculated using Eq.3:
Total protein recovered in top phase
Y
100%. (3)
Total protein content in microalgae

10 mL/min. The compressor was supplying at 0.5 bar
and the air was ﬁltered through a sterile air ﬁlter. The
ﬁltered air will be connected to the bottom joint of
equipment, where the generated air bubbles passed
through the solution (consist of sugar solution,
acetonitrile, and wet microalgae biomass) from the
bottom of the system. The sonicator probe was
inserted into the system and was placed between the
interface of the top and bottom phase. The targeted
product will be brought to the upper phase of the
system and took for further analysis.
The initial condition for sonication-assisted LBF
was stated as followed: 150 mL of 200 g/L sugar
solution (glucose), 150 mL of pure acetonitrile, 0.5 g
of wet microalgae biomass, 20% amplitude of a
200 W maximal power, pulse mode (5 s ON / 10 s
OFF), sonication time of 5 min and ﬂotation time of
5 min. The initial volume ratio used is 1:1 as reported
in the previous work which used a small working
volume (Dhamole et al., 2010a). The air ﬂowrate was
remained constant throughout the experiment to avoid
any disturbance caused to the equilibrium of the twophase system.
The operating parameters of sonication-assisted
LBF were performed as followed: selection and
concentration of sugar, the volume ratio of the system,
resting time for sonication, pulse and continuous mode
and concentration of microalgae, were shown in Table
1. These parameters were studied and optimised using
one-factor-at-a-time (OFAT) approach.

2.6 Cell disruption with sonication

3 RESULT AND DISCUSSION

Sonication-assisted LBF composed of sugar
solution and alcohol was implemented for the
extraction of protein from microalgae. Firstly, the
sugar solution was prepared and mixed with the
weighed microalgae biomass. The mixture was
poured into LBF equipment, followed by a measured
volume of alcohol was added. The ﬂotation time
initially was set to 5 min with an air ﬂowrate of

3.1 Selection of sugar
In liquid biphasic ﬂotation (LBF), the common
chemicals used as phase construction materials are
polymers, salts, and alcohols. Other than salt solutions,
sugar solutions could be used to form the two phases
with alcohols as well. In this case, the targeted product
that had to be isolated from the source would be
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Fig.2 Eﬀect of type of sugar on the protein yield and
separation eﬃciency

separated from the biomass through sugaring-out
eﬀect. The sugaring-out eﬀect is similar to the saltingout eﬀect, where the types of sugars are the crucial
phase constructing components in the system. The
eﬀect of sugaring-out agents could result in variations
in the ability of phase separation as reported earlier
(Zhang et al., 2012; Tu et al., 2018).
The protein partitioning was determined using
diﬀerent types of sugars, for example, sucrose,
fructose, glucose, and maltose. These sugars were
chosen as they are common sugars that are either fall
under the category of monosaccharide or disaccharide.
Glucose and fructose are monosaccharides while
sucrose and maltose are disaccharides. Acetonitrile
has been chosen to be the top phase of the system due
to the suitability and stability of forming phases with
the selected sugar solution (Dhamole et al., 2010b). In
addition, the phase separation of acetonitrile and
water can be induced at very low temperatures such
as 1°C using sugars (Wang et al., 2008a), which can
also be achieved at low and at room temperatures in
the range of 6 to 24°C (Dhamole et al., 2010a). For
this experiment, pure acetonitrile with a similar
working volume of sugar solution was used and the
experiment was performed at room temperature.
Figure 2 shows the protein yield (Y) and separation
eﬃciency (E) of protein from the biomass. The
highest Y recovered from the biomass was around
52% and the lowest Y was around 33%, for glucose
and fructose respectively. Glucose as the bottom
phase gave the highest Y but comparable E of protein
with the system consisting of fructose. The
performance of both monosaccharides i.e. glucose
and fructose in protein partitioning, were completely
diﬀerent, as glucose had the best performance on Y
while fructose was not. The study of Cardoso et al.
(2013) suggested that the hydration ability of sugars
is proportional to the tendency of phase separation
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(Cardoso et al., 2013). According to their study,
glucose (an aldose with a 6-sided ring of carbon
atoms) is more eﬀective in inducing the formation of
two aqueous phases compared to fructose, due to the
presence of ketose. On the other hand, the system
using maltose as the bottom phase had the highest E
compared to other systems. The disaccharides have
comparable Y and E, and they had slightly better
performance than fructose either in Y or E. The
disaccharides showed similar capabilities in isolating
protein from biomass due to their structure. Sucrose
consists of glucose and fructose while maltose
consists of two units of glucose. As disaccharides and
glucose have lower compatibility with acetonitrile
molecules, more of these acetonitrile molecules were
separated out from aqueous solutions, resulting in the
higher amount of protein being transferred to the
acetonitrile-rich phase (Zhang et al., 2012). Glucose
has been chosen as the bottom phase of LBF as
highest Y and comparable E were obtained among
another type of sugars.
3.2 Concentration of glucose
From the study related to types of sugars, glucose
has been chosen among the carbohydrates due to the
high recovery of protein and comparable separation
eﬃciency (E) obtained. The induction of two phase
depends on the concentration of glucose as well. In
this study, the concentration of glucose as the bottom
phase was altered as, 150, 175, 200, 225, 250, and
275 g/L. The initial glucose concentration was
200 g/L as followed in the study of Shishov et al.
(2017). In the mixture of acetonitrile and water,
Shishov et al. (2017) reported that the addition of
glucose above a critical concentration was able to
induce two phases. The sugar concentration of 200 g/L
and above extracted amylmetacresol eﬀectively in
both phases (Shishov et al., 2017). Hence, lower sugar
concentrations (150 and 175 g/L) were examined
along with the high concentration of sugar for larger
working volume to investigate the potential of
utilizing lower glucose concentration to extract the
targeted product. However, a faint line was observed
in both the systems containing 150 and 175 g/L of
glucose in the bottom phases. As the glucose
concentration increased, phase separation in the
system was clearly observed. This ﬁnding corresponds
to the observations of Timofeeva et al. (2017), where
a complete phase separation was only observed at the
concentration of glucose in an aqueous solution which
was higher than 200 g/L (Timofeeva et al., 2017).
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Fig.3 Eﬀect of sugar concentration on the protein yield and
separation eﬃciency

Fig.4 Eﬀect of volume ratio on the protein yield and
separation eﬃciency

From Fig.3, the protein recovered using 150 and
175 g/L of glucose were comparatively low, which
were only able to recover 8.86% to 12.45% of protein
yield (Y) compared to using a higher concentration of
glucose. The results obtained had shown that Y was
increasing from 150 g/L to 175 g/L with an increase in
the volume of organic extract due to an increase in the
concentration of glucose. The increasing trend of Y
and E was observed from 150 g/L to 200 g/L and from
250 g/L to 275 g/L of glucose. It is believed that the
sonication along the process breaks down the cell
wall and the bubbling eﬀect (ﬂotation) could bring the
soluble proteins from the glucose solution (bottom
phase) to the acetonitrile-rich phase. In addition, the
higher glucose concentration contributed in breaking
the cell wall of microalgae partially before performing
the extraction (sonication and ﬂotation), which
showed a signiﬁcant diﬀerence of E and Y between
low and high glucose concentration. However, the
highest glucose concentration did not recover most of
the protein from the biomass, instead 200 g/L of
glucose was able to recover the highest percentage of
protein among all the parameters. The systems
consisted of glucose concentration higher than
200 g/L have a lesser water content in the glucose
mixture as the percentage of glucose is higher. Thus,
it is reasonable to speculate that the maximum
capacity of protein soluble in the water was reduced
due to the limited water content (Tu et al., 2018). This
would reduce the amount of soluble protein in the
acetonitrile-rich phase under sonication and ﬂotation.
Indeed, the separation eﬃciency of protein was at a
peak in 275 g/L of glucose and was the lowest in
150 g/L of glucose. The volume ratio of acetonitrilerich phase and glucose were varied from the initial
volume ratio, where most of the higher glucose
concentration formed a higher volume of acetonitrilerich phase. This is similar to the salting-out eﬀect,

where a higher concentration of glucose resulted in an
increased partition behaviour of protein to acetonitrilerich phase (Goja et al., 2013). In this study, the glucose
concentration of 200 g/L was chosen as the optimum
concentration for protein extraction.
3.3 Volume ratio
From previous studies, glucose with 200 g/L was
chosen to study the volume ratio in the system. This is
an important study for determining the optimum
volume ratio required to isolate the protein without
denaturing and to obtain an optimum yield (Y) and
separation eﬃciency (E) from the biomass. By using
acetonitrile as top phase, the volume ratio was altered
in the ratio of 1:0.75/ 1/ 1.1/ 1.25 and 1.33 (volume of
bottom phase: volume of top phase). The volume of
top phase was altered due to more protein which was
separated to the top phase compared to the bottom
phase (data not shown) and the increasing working
volume of top phase would possibly improve Y and E
of protein. The total working volume of the system
remained the same (300 mL) similar to studies shown
in section 3.1 and 3.2. The volume ratio of acetonitrile
to water mixture with the addition of sugars is 1:1 for
conducting the sugaring-out eﬀect (Wang et al.,
2008b; Nugbienyo et al., 2017). Therefore, the initial
volume ratio of 1:1 was used as the standard and the
range was set as shown in Fig.4.
The results obtained in this study are not similar to
both the previous studies. The Y and E have been
shown to be in an increasing manner with an increase
in the working volume of acetonitrile. The higher Y in
acetonitrile-rich phase was obtained due to more
soluble protein released from the biomass through
sonication and ﬂotation was able to solubilise in the
acetonitrile-rich phase. However, a slight decrement
of both Y and E was observed in the highest volume
ratio (1:1.33) of the system (Fig.4). As the initial
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3.4 Resting time
The studies related to liquid biphasic ﬂotation
(LBF) were discussed in detail in Section 3.1 to 3.3.
Hence, the studies focusing on sonication were
investigated for the integrated extraction. Resting
time is the resting period in between the sonication
process during the pulse mode. The resting time of
sonication would inﬂuence the extraction as the
sonicator probe would have a higher temperature if
longer sonication time is applied for the extraction.
Besides, the physical and chemical eﬀects of
ultrasound may vary depending on the resting time in
between the sonication period. Generally, the
occurrence of cavitation bubbles for longer resting
time might not be as much compared to the shorter
resting time between the sonication period. Hence,
the eﬀect of resting time on the protein extraction was
investigated as the cavitation eﬀect generated reduces
during the ultrasonication. In this study, only the
resting time was altered while the sonication time was
ﬁxed at 10 s in a total extraction time of 5 min. The
resting time in between the sonication time was
ranged from 5 s to 30 s in order to sustain suﬃcient
cavitation eﬀect for breaking the cell wall of
microalgae.
Figure 5 shows that 10 to 30 s had similar protein
yield (Y) recovered from the biomass except for a

90
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the working volume of glucose-rich phase. The lower
working volume of glucose-rich phase was not
consisting of a similar amount of water content as
with another volume ratio. Thus, the lower water
content in glucose-rich phase was not capable to
solubilise a higher amount of protein extracted from
microalgae biomass through ﬂotation even sonication
was performed to disrupt the cell wall (Naveena et al.,
2015). Furthermore, the working volume of
acetonitrile should be at least the same working
volume with the bottom phase to obtain more than
50% of recovered protein. The low working volume
of acetonitrile was not able to extract more protein
from the biomass even in the presence of sonication.
The protein released through sonication may not be
able to be extracted into the acetonitrile-rich phase as
only a certain amount of protein can be solubilised
into the limited capacity of acetonitrile-rich phase.
With the discussion mentioned above, the volume
ratio of 1:1.25 has been chosen as the best condition
to perform the next study, the resting time of
ultrasonication.

Yield (%)

904

0
5

10

15
20
Resting time (s)

30

Fig.5 Eﬀect of resting time of ultrasonication on the protein
yield and separation eﬃciency

resting time of 15 s. The Y was found to be decreasing
drastically at 15 s of resting time, which was around
30%, even 5 s of resting time had higher protein yield
than 15 s. This is mainly due to the times of sonication
generated in 5 min as more times of sonication
generated in 5 s of resting time than in 15 s of resting
time. The continuous oscillatory motion of liquid
medium generated by the radial movement of
cavitation bubbles, namely micro-convection, which
subsequently result in the growth of nuclei. When the
cavitation bubbles grow to the maximum size (4–
300 mm diameter) and acoustic energy reached
suﬃcient intensity, these microbubbles become
unstable and collapse. The times of sonication
generated was critical to the breakage of cell wall as
the collapse of these microbubbles create microjets
with a velocity of more than 100 m/s (Naveena et al.,
2015). As the resting time in between sonication
increases, the times of sonication decreases. However,
20 to 30 s of resting time has better Y and separation
eﬃciency (E) of protein than 15 s of resting time. The
mixing process induced by ﬂotation and sonication for
15 s of resting time was more vigorous than 20 and
30 s of resting time, resulting into turbulence in the
medium which pushes the extracted protein away
from the surface of microbial cells. Furthermore, the
vigorous mixing process causes the extracted protein
dispersed in between the two phases, without
remaining in the acetonitrile-rich phase. Besides, the E
of each resting time was diﬀerent. The higher resting
time had similar E, but the lowest resting time had a
similar result with the moderate resting time (15 s).
This is due to the volume ratio of both phases which
aﬀected through the turbulence generated by ﬂotation
and sonication, as indicated in the previous paragraph.
The 10 s of resting time was the most suitable for pulse
mode and was chosen to be studied for the next
parameter as the highest E and Y was obtained.
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3.5 Pulse and continuous mode

increased as pulse mode was applied to the system,
which creates a higher number of cavities resulting in
higher cavitational events, thereby enhancing the Y
(Sivakumar et al., 2002). As for the continuous mode,
the decrement of Y was caused by the application of
continuous ultrasound, where the nuclei were
destroyed rapidly and resulted in degassing of the
cavitation bubbles (Kumar et al., 2000). Besides, the
continuous mode with 10 min of sonication obtained
the lowest Y as well as E, which is mainly due to the
vigorous mixing process, as mentioned in Section 3.4.

The pulse and continuous mode of sonication were
studied to examine the suitable mode for the
experiments after investigating the resting time in
between sonication. The pulse mode of sonication was
examined from 3 to 15 s with a ﬁxed resting time of
10 s and the continuous mode was studied from 2 to
10 min of non-stop sonication without any resting time
in between. As reported by Chemat et al. (2017b) and
Sivakumar et al. (2017), the extraction of components
through diﬀerent modes of sonication could aﬀect the
yield of components extracted (Chemat et al., 2017b;
Sivakumar et al., 2017). The range selected for
continuous mode was lower than the ranges studied in
the previous reports (Pradal et al., 2016; Shirsath et al.,
2017), due to the mechanisms as both sonication and
ﬂotation lead to mixing in the system.
The obtained results for pulsed and continuous
mode of sonication assisted with ﬂotation have been
shown in Fig.6. Among all the sonication time set for
pulse mode, 5 s of sonication time could achieve the
highest protein yield (Y) and separation eﬃciency (E).
The sonication time of 3 s was not suﬃcient for the
complete breakage of the cell wall, causing low Y and
E of protein obtained. However, similar results were
obtained by 10 and 15 s of sonication time with 3 s of
sonication time, only 5 s of sonication time was the
best. Five seconds of sonication time has higher Y
than 10 s and 15 s of sonication time as the occurrence
of sonication regularity at a given time had been
increased in shorter pulse mode, leads to a better Y
and E (Sankaran et al., 2018). Overall, the average
yield obtained by using continuous mode was better
than pulse mode, yet the highest yield and separation
eﬃciency was obtained using pulse mode. The pulse
mode of the sonicator probe could perform better than
the continuous mode in extracting the protein due to
the cavitational events. The gas content of the liquid

3.6 Concentration of microalgae
The study related to the sample weight was carried
out and the examined weight of biomass was ranged
from 0.25 to 1.5 g of wet microalgae. This study was
performed due to the previous studies which stated
that the concentration or weight of crude biomass does
aﬀect the targeted product recovered from the crude
biomass (Show et al., 2011; Phong et al., 2017). The
partition behaviour of protein altered accordingly
when biomass was loaded into the system. In the study
of Show et al. (2011), the separation eﬃciency was
decreased as the higher amount of feedstock was
loaded to the system, which inﬂuenced the composition
of the system (Show et al., 2011). Furthermore, the
protein recovered from the biomass should be
increasing as the crude load of biomass was increased.
In fact, the obtained result was not corresponding to
the hypothesis. Figure 7 illustrates that the yield (Y)
and separation eﬃciency (E) were correlated to each
other as the lower yield has lower separation eﬃciency
for 0.75 to 1.5 g of biomass used. However, the highest
separation eﬃciency did not correspond to the highest
yield obtained in this study. The precipitation of cell
debris or unwanted components may occur at the
interface of the system, resulting in the protein not to
be sugaring-out from the bottom phase (glucose-rich
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phase) (Selvakumar et al., 2010).
The best performance of the system was observed
using the lightest biomass weight (0.25 g) to obtain
the highest Y of protein, around 80% with a comparable
E of protein with 0.5 g of biomass. This may be due to
the complete sonicated biomass by using the sonicator,
which causes a higher amount of protein extracted
from the biomass. Nonetheless, the biomass weight
with 0.75 g to 1.5 g was only capable to extract 10%
to 30% of protein from the biomass which was much
lesser than using 0.25 and 0.5 g of biomass in the
system. The Y for biomass weight from 0.75 to 1.5 g
decreased drastically while having similar E of protein
in these systems. These phenomena would probably
occur as the volume ratio of systems was similar after
the extraction process but obtaining lesser protein in
the top phase (acetonitrile-rich phase).
3.7 Potential industrial application and up-scaling
Sonication process often shows green impact such
as lower energy consumption, reduction of ecofootprint of process and act as an economical model.
Therefore, the parameters of sonication along with the
parameters of LBF were included in this work. In order
to utilize the energy input eﬀectively, the resting time
of sonication and mode of sonication have been studied
and optimized. The optimum condition to extract
protein is resting time of 10 s and pulse mode in
sonication-assisted LBF. The resting time of sonication
is signiﬁcant as it implies the energy required for the
sonication process, whereby more energy input is
needed for the shorter resting time of sonication and
vice versa. Besides, sonication in pulse mode requires
lower energy input from the generator compared to the
sonication in a continuous mode as it requires a
continuous supply of energy to perform the sonication.
A preliminary assessment of the energy consumption
for both conventional and sonication-treated extraction
of seeds have been performed in the study of Sicaire et
al. (2016). The study takes into account preparation of
seeds, desolventization step, distillation step and heat
recovered from the gas from total distillation. Reduction
of heat and steam consumption was observed which
subsequently leads to lower global environmental
impact by using sonication-treated extraction.
This work has indicated potential industrial
application as the sonication-assisted process have
speed-up the processing time, where the extraction
only required 5 min of sonication with 5 s of sonication
and 10 s of resting time. A signiﬁcant time reduction
in extraction process could lead to a reduction of
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processing cost implied in energy production. Hence,
the sonication-assisted LBF is highly recommended
as the extraction method, LBF is ease to scale up to
industrial scale. However, further investigation is
required as the lab scale extraction may vary with the
industrial scale extraction. The impact in industrial
has to be investigated as it might clearly to be
beneﬁcial to the industry.

4 CONCLUSION
In conclusion, this study demonstrates an eﬀective
technique to extract the protein content from green
microalga, Chlorella sorokiniana CY1, assisted with
sonication that aids in breaking down the cell wall
during extraction. The results presented in this work
show that the protein could be isolated from microalgae
through sugaring-out eﬀect. In liquid biphasic ﬂotation
(LBF), the type of sugar solution, the concentration of
sugar, the weight of wet microalgae were investigated
as the factors inﬂuencing the performance of
extraction. Besides, the protein extraction was
inﬂuenced by the working volume of both phases
signiﬁcantly, obtaining around 77% of protein yield
and 54% of separation eﬃciency. It has also been
found that the protein extraction is higher for pulse
mode compared to the protein extracted by the
continuous mode. The highest protein yield of 80%
and the corresponding separation eﬃciency of 49%,
were achieved after optimisation through various
parameters, suggesting that the high content of protein
within microalgae could be extracted on an industrialscale, as LBF is easy to be scaled up with lower cost.

5 DATA TRANSFER STATEMENT
The datasets generated during and/or analysed
during the current study are available from the
corresponding author on reasonable request.
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