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� Harvest of high-density
Aurantiochytrium sp. was difficult
using common methods.

� Dynamic filtration was found to be an
ideal alternative for the high-density
culture.

� Fast rotation of a perforated disk
reduced membrane fouling
maximally by 99%.

� Rotating disk helped maintain high
permeate flux under above 150 g/L of
biomass.
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Five technologies, coagulation, electro-flotation (EF), electro-coagulation–flotation (ECF), centrifugation,
and membrane filtration, were systematically assessed for their adequacy of harvesting
Aurantiochytrium sp. KRS101, a heterotrophic microalgal species that has much higher biomass concen-
tration than photoautotrophic species. Coagulation, EF, and ECF were found to have limited efficiency.
Centrifugation was overly powerful to susceptible cells like Aurantiochytrium sp. KRS101, inducing cell
rupture and consequently biomass loss of over 13%. Membrane filtration, in particular equipped with
an anti-fouling turbulence generator, turned out to be best suited: nearly 100% of harvesting efficiency
and low water content in harvested biomass were achieved. With rotation rate increased, high permeate
fluxes could be attained even with extremely concentrated biomass: e.g., 219.0 and 135.0 L/m2/h at 150.0
and 203.0 g/L, respectively. Dynamic filtration appears to be indeed a suitable means especially to obtain
highly concentrated biomass that have no need of dewatering and can be directly processed.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Microalgae is regarded as an unparalleled and sustainable feed-
stock for the production of both biofuels (most notably, biodiesel)
and high-value added products such as docosahexaenoic acid
(DHA), eicosapentaenoic acid (EPA), and astaxanthin (Alfafara
et al., 2002; Armenta and Valentine, 2013; Cuellar-Bermudeza
et al., 2014; Papazi et al., 2010). Among a good many microalgal
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species, Aurantiochytrium sp., heterotrophic thraustochytrid, is
particularly useful, as it can accumulate up to 80% of lipid of dry
biomass and the lipid contains exceptionally high levels of palmitic
acid and DHA (Hong et al., 2011; Kim et al., 2013; Vandamme et al.,
2011). The high level of palmitic acid renders the microalgal oil
suitable for the biodiesel production: the resulting fuel can have
high cetane number and oxidation stability, and low iodine
content. What is more, the exceedingly high DHA content makes
the Aurantiochytrium species a competitive candidate for the
production of the unsaturated oil (Ryu et al., 2013a; Sijtsma and
De Swaaf, 2004).

Recently, various studies based on Aurantiochytrium sp. KRS101
have been performed for the purpose of its commercial application.
Mass production was attempted by taking advantage of its high
biomass productivity (Hong et al., 2013b), cheap substrates includ-
ing cellulosic biomass (Hong et al., 2012, 2013a) and organic waste
(Ryu et al., 2013b) sought for the reduction of cultivation cost, and
wet extraction of lipid developed for decreasing the cost of down-
stream processes (Choi et al., 2014a,b; Yoo et al., 2014). Harvesting,
however, is not well studied and a technology with sufficient effi-
cacy has not yet established; and it is more so because the final cell
density is much higher than the photoautotrophic cultivation.

The harvesting technologies can be divided as chemical- and
physical-based methods: the chemical-based methods include
coagulation, electro-flotation (EF), and electro-coagulation–flota
tion (ECF), and physical-based methods include centrifugation
and membrane filtration. The coagulation process is easily oper-
ated and inexpensive. However, remaining chemical coagulants
in the harvested microalgae may affect the biomass negatively.
Although electrochemical approaches like EF and ECF are surely
cost- and energy-effective compared to the chemical coagulation,
they have substantial downsides: EF has considerably low harvest-
ing efficiency and ECF has the problem of residual chemicals that
may degrade the quality of biomass. Centrifugation, a physical
method, has merits of efficiency and simplicity and yet its practi-
cality is limited on account of prohibitively high requirement of
cost and energy. Cell damage caused by strong centrifugal force
is also problematic. Lastly, membrane filtration makes it possible
to harvest microalgae in a manner that is highly efficient and bio-
mass quality remains unaltered. This otherwise ideal approach has
its own challenging issue, i.e., membrane fouling that greatly
degrades filtration performance.

The purpose of this study was therefore to determine a best-
suited harvesting means particularly for a heterotrophically grown
and hence dense culture of Aurantiochytrium sp. KRS101 with bio-
mass concentration of around 25 g/L. Because of its uniquely high
density, a level that is far higher than the phototrophic cultivation,
it is possible that different methods and/or different condition
should be applied. To this end, the aforementioned technologies,
namely, coagulation, EF, ECF, centrifugation, and membrane filtra-
tion, were examined and compared.
2. Methods

2.1. Preparation of microalgae

Aurantiochytrium sp. KRS101 was obtained from the Korea
Research Institute of Bioscience and Biotechnology (KRIBB) and
stored in 25% (v/v) glycerol at �80 �C. Seed cultures were grown
in 50-mL basal medium, consisting of 60 g/L glucose, 10 g/L yeast
extract, 9 g/L KH2PO4, 10 g/L sea salt, and 10 mg/L tetracycline, in
250-mL culture flasks on a shaker rotated at 120 rpm for 3 days
at 28 �C. The microalgae was cultivated in 1 L of the same medium
in a 5-L bioreactor for 3 days at 28 �C with shaking at 120 rpm and
0.5 v/v/min of air. The pH of the culture was 4.6.
2.2. Harvesting experiment

Five harvesting methods, i.e., coagulation, EF, ECF, centrifuga-
tion, and membrane filtration, were conducted using the same
batch culture of Aurantiochytrium sp. KRS101. All experimental
materials and operation conditions of each harvesting method
are summarized in Table 1.

Coagulation was performed using FeCl3 (Sigma Aldrich, USA) as
a coagulant with five different doses: 0, 0.25, 0.5, 0.75, and 1 g/L.
After the coagulant was added, the mixture was vigorously stirred
to ascertain that microalgae and the coagulant were mixed thor-
oughly. In each experiment, 3 mL of the sample was obtained to
measure harvesting efficiency from the half height of 100 mL of
microalgae suspension in a mass cylinder every 15 min for 2 h.

In ECF experiments, a chamber (width, 70 mm; height, 170 mm;
thickness, 70 mm) with two perforated electrode plates (width,
57 mm; height, 115 mm; thickness, 2 mm) placed in parallel was
installed. An aluminum electrode (Mg, 2.2–2.8%; Cr, 0.15–0.35%)
was used as the sacrificing anode electrode and a dimensionally
stable anode (DSA�, Ti/IrO2) as the cathode. The anode was con-
nected to the positive outlet and the cathode to the negative outlet
using a DC power supply (S-3005Q, Fine-Power, Korea). Conven-
tional DC was converted to pulsed DC with different duty cycles
(0.2–1.0) at 1000 Hz. A voltage meter (GDM-8261, Good Will
Instrument, Taiwan) was used to measure voltage to calculate elec-
trical consumption during the experiment. Each of three different
current densities (5.7, 11.4, and 17.2 mA cm�2) was supplied to
400 mL of the microalgae suspension. A magnetic stirring bar
was placed on the floor of the chamber and rotated at 350 rpm dur-
ing the experiment. Every 5 min, 3 mL of the sample was taken to
measure harvesting efficiency at 90 mm below the water surface
using a 5 mL syringe with a 15 cm needle. In the EF mode, a non-
sacrificial electrode (DSA�, Ti/IrO2) was employed as the anode
and the placements of Al was used as the cathode; thus on it
hydrogen gas was generated, instead of Al released from it. Other
than this condition, similar experimental conditions were applied
to EF as in ECF.

Centrifugation was performed using a High speed centrifuge
Supra 22 K (Hanil Science, Korea) at 1000, 5000, and 9000g for
30 min. After centrifugation, a supernatant was discarded and a
cell pellet freezer-dried for 3 days in a pre-weighed tube. The tube
after freezer-drying was weighed, and the amount of lyophilized
biomass was calculated to determine recovered biomass from cen-
trifugation and harvesting efficiency of it.

Membrane filtration was carried out using a dynamic filtration
module, a FMX B-class (bench scale) commercial equipment
equipped with a perforated disk (BKT Co. Ltd., Korea). Details of
the equipment and system were previously reported (Kim et al.,
2015).

For the selection of a proper membrane, three commercial
membranes were tested: one microfiltration membrane,
polyvinylidene fluoride (PVDF) 0.2 lm; and two ultrafiltration
membranes, PVDF 150 kDa and polyethersulfone (PES) 150 kDa,
from Microdyn-Nadir (Germany). Their membrane permeabilities
as measured by pure-water filtration were 2560.2 ± 169.7,
790.9 ± 14.3, and 709.1 ± 11.6 L/m2/h/bar, respectively. Filtration
experiments of microalgal culture were carried out at five rotation
speeds of 0, 400, 800, 1200, and 1600 rpm and at a constant trans-
membrane pressure (TMP) of 100 kPa and feed flow rate of 8 L/min.
All the experiments were conducted at temperatures between 25
and 30 �C. The permeate was collected to calculate the permeate
mass flow rate using a load cell connected to a computer, then
being recirculated back into the feed tank so that initial biomass
concentration in the feed tank remained constant.

Once the membrane of PES 150 kDa was selected, dewatering
experiments were conducted to reach biomass concentration of



Table 1
Experimental materials and conditions of each harvesting method for Aurantiochytrium sp. KRS101.

Harvesting method Material Operation condition Operation time (min)

Coagulation Coagulant: FeCl3 Coagulant dose: 0, 0.25, 0.5, 0.75, 1.0 g/L 120

Electro-flotation Anode: DSA Current density: 5.7, 11.4, 17.2 mA cm�2 40
Cathode: Al

Electro-coagulation–flotation Anode: Al Current density: 5.7, 11.4, 17.2 mA cm�2 40
Cathode: DSA

Centrifugation Relative centrifugal force: 1000, 5000, 9000g 30

Membrane filtration Membrane: PVDF 0.2 um, PES 150 kDa, PVDF 150 kDa Rotation speed: 0, 400, 800, 1200, 1600 rpm 180–360
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more than 150 g/L using membrane filtration at 1600 and 800 rpm
at the constant TMP of 100 kPa and feed flow rate of 8 L/min. In this
case, the permeate was not recirculated back into the feed tank;
instead, an aliquot was collected from the feed tank for monitoring
any change in its biomass concentration.

2.3. Analytical and calculated methods

Biomass concentration was determined by filtering a microalgal
suspension through a pre-dried and pre-weighed 47 mm circular
glass filter paper (GF/C, Whatman, USA) and weighing the remains
after washing by phosphate-buffered saline (PBS, pH 7.4) and dry-
ing at 105 �C for 24 h. Optical density (OD) of sample was mea-
sured at 600 nm using a UV–Vis spectrophotometer (DU� 700,
Beckman Coulter, USA).

Harvesting efficiency (%) of each harvesting method was calcu-
lated as

Coagulation; EF; and ECF : Harvesting efficiency

¼ 100� ð1� ODt=ODinitialÞ

Centrifugation : Harvesting efficiency

¼ 100� ð1�Wafter=WbeforeÞ

Membrane filtration : Harvesting efficiency

¼ 100� ð1� ODpermeate=ODfeedÞ
where ODt and ODinitial are ODs of the suspension at time t and prior
to the start of harvesting process, respectively,Wafter andWbefore are
weights of biomass after and before centrifugation, respectively,
and ODpermeate and ODfeed are ODs of the permeate and feed,
respectively.

In membrane filtration, membrane resistance and fouling resis-
tance were calculated as

Jw ¼ TMP=lRm

Jplateau ¼ TMP=lðRm þ Rf Þ
where Jw is the permeate flux (L/m2/h) of pure-water filtration,
Jplateau is the permeate flux at the plateau state (where no large
change of permeate flux occurs) during microalgae filtration, l is
the fluid viscosity (Pa s), and Rf and Rm are the fouling and mem-
brane resistances (1/m), respectively.

3. Results and discussion

3.1. Chemical-based harvesting

Coagulation was found to be effective only when the coagulant
FeCl3 dosage was above 0.5 g/L (Fig. 1); the removal rates of
microalgae were 81.9%, 90.3% and 98.8% for 0.5, 0.75, and 1 g/L,
respectively. This high requirement of coagulant happened likely
because of its uniquely high biomass concentration. As expected,
the harvesting efficiency was raised with the increase in dosage
(Papazi et al., 2010).

As the dosage was increased from 0.5 to 1 g/L, a layer of coagu-
lated biomass was formed, gradually becoming denser and thinner
during experiment. When 0.5 or 0.75 g/L was used, the layer was
well settled only within 20 min. A dosage of 1 g/L, though nearly
100% of biomass was captured, required 60 min for complete set-
tlement, indicating that large dosages of coagulant are not
always beneficial particularly for harvesting Aurantiochytrium sp.
KRS101. In view of harvesting time, the optimal dose of FeCl3 fell
into between 0.75 and 1 g/L, with a limited harvesting efficiency
of less than 90%. Considering all this, coagulation seemed not to
be an ideal option at least for concentrating Aurantiochytrium sp.
KRS101.

In the electrochemistry-based methods, namely, ECF and EF,
harvesting efficiency was found to be a function of current density
supplied (Fig. 2). In the ECF, an increased current density acceler-
ated the release of aluminum ions from the sacrificial anode elec-
trode, thereby causing metal hydroxides to more rapidly be
formed; the aluminum hydroxide coagulant then led to faster
microalgal floc formation and therefore harvesting. This phe-
nomenon occurred in the EF in a similar way except for floc
formation.

The harvesting efficiency of ECF was higher than EF, especially
at a current density of 17.2 mA cm�2. At this current density, the
maximum efficiency of ECF reached 88.1%, while only 55.5% was
reached using EF. This efficiency discrepancy was caused likely
by the varied extents of gas bubble entrapment into algae cells:
the entrapment was effective with ECF but limited with EF,
confirming the flocculation is indeed a necessary step for efficient
harvesting of Aurantiochytrium sp. KRS101 just like many other
microalgal species (Alfafara et al., 2002).

Even though using the larger current density resulted in the
higher harvesting efficiency, the decreasing rate of harvesting effi-
ciency also increased with a supply of the larger current density. In
ECF experiments, contrary to steadily increasing recovery effi-
ciency with a current density of 5.7 and 11.4 mA cm�2, the recov-
ery efficiency at a supply of 17.2 mA cm�2 decreased more than
20% after 40 min. It is speculated that too high current density
could release an excessive amount of metal hydroxides and cause
the surface of microalgae overly covered by positively charged pre-
cipitates. The microalgae surface may eventually become positive,
instead of neutralized. As a result, the repulsion among the
microalgae cells can occur and each cell stabilized again, resulting
in the reduced formation of flocs.

Overall, the electrochemical means appeared to be less effective
for harvest of Aurantiochytrium sp. KRS101 than other species. For
Chlorella vulgaris and Microcystis aeruginosa, recovery efficiency
easily reached more than 95% (Gao et al., 2010; Vandamme et al.,
2011), which was substantially higher than 88.1% in this study.
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One possible cause of this impaired efficiency was the high initial
biomass concentration of Aurantiochytrium sp. KRS101 which led
to poor mixing of suspension; thus, there was less chance for the
positive ions to attach to the microalgae surface and cells to be
trapped in the gas bubbles.

3.2. Physical-based harvesting

Centrifugation, though effective, lost 12.8–15.4% of biomass at
all the tested centrifugal forces (Table 2). This is because a floating
layer was formed and not settled down. Aurantiochytrium sp. is
known as highly sensitive to cell rupture by the external stress,
leading to a release of cytoplasm into the medium (Wong et al.,
2008). The cell rupture was reported to occur even by
osmotic pressure generated through nutrient consumption during
cultivation (Kim et al., 2013; Velmurugan et al., 2014). This phe-
nomenon might take place in this study as well, as the cells were
grown until glucose was almost consumed. Besides, an increase
in relative centrifugal force led to a thicker floating layer, resulting
in a great biomass loss: this took place possibly because the
increased external force ended up rupturing more cells. Both
issues, which are critical, make centrifugation almost impractical
to be used for harvesting Aurantiochytrium sp. KRS101.

In membrane filtration equipped with the rotational disk,
effects of rotation speed and membrane on harvesting perfor-
mance were firstly investigated in order to find the optimum
rotation speed and membrane for harvest of Aurantiochytrium sp.
KRS101. The plateau permeate fluxes of all the membranes were



Table 2
Summary of harvesting performance of five harvesting methods for Aurantiochytrium sp. KRS101.

Harvesting method Condition and operation time Harvesting efficiency (%) Water content in harvested biomass (%)

Coagulation 0 g/L, 120 min 0.9 83.7
0.25 g/L, 120 min 15.0 85.8
0.50 g/L, 120 min 81.8 89.9
0.75 g/L, 120 min 90.3 90.2
1.00 g/L, 120 min 98.8 91.5

Electro-flotation 5.7 mA cm�2, 40 min 59.0 82.0
11.4 mA cm�2, 25 min 56.7 86.1
17.2 mA cm�2, 15 min 55.6 88.0

Electro-coagulation–flotation 5.7 mA cm�2, 40 min 39.3 83.9
11.4 mA cm�2, 40 min 89.9 85.2
17.2 mA cm�2, 30 min 88.0 90.2

Centrifugation 1000g, 30 min 87.2 72.1
5000g, 30 min 85.9 70.9
9000g, 30 min 84.6 70.2

Membrane filtration PVDF 0.2 lm, 240 min 97.3 –
PES 150 kDa, 1600 rpm, 180 min 99.8 79.7
PES 150 kDa, 800 rpm, 360 min 83.9
PVDF 150 kDa, 240 min 99.9 –
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below 6.0 L/m2/h without the rotation of the disk, which was
similar to the classical cross-flow filtration mode (Fig. 3a). Unlike
other photoautotrophic microalgae, high biomass concentration
of this heterotrophic microalgae culture rapidly produced harsh
fouling layer on the membrane surface during filtration of microal-
gae, leading to more than 97% of flux decline and very low perme-
ate flux. For other dynamic filtration of C. vulgaris using a vibratory
membrane, a drastic flux decline was also found to take place
when feed concentration increased up to 100 g/L, and permeate
flux with feed concentration of 25 g/L was only 16 L/m2/h at TMP
of 276 kPa in the cross-flow filtration mode without the vibration
of the membrane (Slater et al., 2015). The application of the rota-
tional disk on the membrane surface to solve this serious fouling
problem increased plateau permeate fluxes of all membranes dra-
matically up to 180.6 L/m2/h at 800 rpm and 289.5 L/m2/h at
1600 rpm for PVDF 0.2 lm (Fig. 3a). In addition, an increase in
rotation speed of disk decreased fouling resistance notably by
more than 97% from 800 rpm (Fig. 3b). These results demonstrated
the positive effect of rotational disk generating high shear stress on
the prevention of membrane fouling formation and as a result the
improvement of filtration performance, as proven in the previous
results (Hwang and Lin, 2014; Hwang and Wu, 2015; Kim et al.,
2015; Ríos et al., 2012).

PVDF 0.2 lm had higher permeate flux than PVDF 150 kDa
obviously due to larger mean pore size, and yet showed similar
performance to PES 150 kDa possibly due to smoother surface of
PES membrane (Fig. 3a) (Zhang et al., 2008). Fouling resistance of
PES 150 kDa was lower than the other membranes with less severe
membrane fouling and lower flux decline on account of low surface
roughness of PES membrane (Fig. 3b). Harvesting efficiency was
quite high: microfiltration and ultrafiltration membranes were
97.3% and 100%, respectively, regardless of rotation speed of the
perforated disk (Table 2). Because the ultrafiltration membranes,
which displayed high enough efficiency and flux, has an added
advantage of being able to capture all types of cells, even the small-
est ones that pass through the microfiltration membrane, PES
150 kDa was chosen as the membrane for further dewatering
experiments of Aurantiochytrium sp. KRS101.

Dewatering experiments were done to increase biomass con-
centration from 25 g/L and up to 150 g/L. To this end, two rotation
speeds, 800 and 1600 rpm, were employed separately. During fil-
tration, permeate flux decreased slowly in the first stage, and then
remained relatively constant above 250 and 100 L/m2/h at 1600
and 800 rpm, respectively, until biomass concentration reached
around 100 g/L (Fig. 4). Afterwards flux decline became
rapid between 100 and 150 g/L, and far more so between 150
and 200 g/L. This result was in line with a previous study that
reported dynamic filtration experienced fast flux decline from
160 to 40 L/m2/h when biomass concentration of C. vulgaris was
increased from 0.5 to 100 g/L at TMP of 207 kPa (Slater et al.,
2015). To our surprise, high permeate fluxes were maintained even
at very high concentration of 150.0 g/L: 219.0 L/m2/h at 1600 rpm
and 75.5 L/m2/h at 800 rpm. This implied that the rotation of high
speed of disk and thus turbulence generated by it effectively
alleviated serious fouling on membrane. Even more surprisingly,
operation at 1600 rpm showed still a significant permeate flux of
135.0 L/m2/h with biomass concentration of 203.0 g/L from which
dewatering, in a practical sense, was known to be impossible with
in the classical cross-flow filtration. The dynamic filtration well
compensates for the raised energy consumption by disk rotation
by way of its reduction in a required filtration area and membrane
cleaning frequency (Ríos et al., 2012).

Besides, operation at 1600 rpm led to reach more than 150 g/L
of biomass in 150 min, which was 200 min faster than at
800 rpm; permeate flux at 1600 rpm was 2 to 3-fold higher than
800 rpm throughout dewatering process. This means that dynamic
filtration has another option for controlling harvesting time, i.e.,
rotation speed; in the traditional cross-flow filtration TMP is the
only parameter that can be manipulated. All this supported that
dynamic filtration equipped with ultrafiltration membrane and
rotational disk with perforations was indeed well-suited for dewa-
tering Aurantiochytrium sp. KRS101 and particularly so for exceed-
ingly high biomass concentration.

3.3. Comparison of each harvesting method

Table 2 summarizes maximum harvesting efficiency, corre-
sponding operation time, and water content in harvested biomass
according to each harvesting method and its operation condition.
For coagulation, an increase in coagulant dose improved harvesting
efficiency, but also raised water content in the harvested biomass
that required further dewatering steps. Similarly, for EF and ECF,
an increase in current density enhanced harvesting efficiency or
lowered operation time to obtain maximum harvesting efficiency,
but also elevated water content in the harvested biomass. Using
these chemical-based harvesting methods, it was literally
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impossible to achieve sufficiently high harvesting efficiency and at
the same time low enough water content of harvested biomass
because the increased coagulant addition and/or bubble generation
for the sake of higher harvesting efficiency induced loose layers of
harvested biomass. What is worse, their efficiency was not
satisfactory: only half was recovered by EF, and only 90% by ECF.
Centrifugation, on the other hand, enabled to produce biomass
with very low water content, in fact, the lowest among the tested
means and in so doing very rapidly. However, more than 10% of
biomass failed to be recovered by it. Membrane filtration possesses
all the merits that the aforementioned techniques has partly: high
harvesting efficiency and low water content in the harvested
biomass when operated with ultrafiltration membrane. One more
distinctive feature that the other methods cannot offer is its ability
to control water content in harvested biomass according to a
downstream requirement. This can be done to the point where
harvested biomass becomes too viscous to be transported by a cir-
culation pump. In terms of energy consumption, membrane filtra-
tion was acceptable: it was much lower than centrifugation and
only slightly higher than EF and ECF (Table 3). Considering energy
consumption as well as harvesting performance of membrane fil-
tration, operations at two speeds of 1600 and 800 rpm had its
own advantage: 1600 rpm for rapid harvesting rate and 800 rpm
for efficient harvesting energy consumption.

The dynamic filtration can be better utilized by means of com-
bining another technology in a synergetic manner. For example,
based on the results in this study, entire operation time for dewa-
tering of Aurantiochytrium sp. KRS101 up to 200 g/L can be reduced
from 180 min at 1600 rpm to 90 min by the two-step harvesting
using first coagulation at 0.75 g/L of FeCl3 or ECF at 17.2 mA cm�2

for 30 min followed by membrane filtration at 1600 rpm for
60 min.
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Fig. 4. Changes of permeate flux and biomass concentration during dewatering of Aurantiochytrium sp. KRS101 using membrane filtration at (a) 1600 rpm and (b) 800 rpm.

Table 3
Electrical energy consumption of five harvesting methods for Aurantiochytrium sp. KRS101.

Harvesting method Condition and operation time Electrical energy consumption (Wh/g)

Coagulation 0.75 g/L, 120 min 0.11–0.57
Electro-flotation 17.2 mA cm�2, 15 min 0.125
Electro-coagulation–flotation 17.2 mA cm�2, 30 min 0.077
Centrifugation 1000g, 30 min 1.94
Membrane filtration 1600 rpm, 180 min 0.39

800 rpm, 360 min 0.25
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4. Conclusions

Aurantiochytrium sp. KRS101, a potent DHA producer and het-
erotroph, needs a different way of harvesting, as their final cell
density is much higher than photoautotrophic microalgae.
Among harvesting means tested, dynamic filtration adopting
rotation of a perforated disk was demonstrated to uniquely
serve the purpose by way of effectively limiting membrane
fouling even under considerably high biomass concentration; it
had no biomass loss, low water content in harvested
biomass, reasonable energy consumption, and operation
manageability.
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