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Description

Technical field of the invention

[0001] The present invention relates to processing of
microalgae biomass. In particular, the present invention
relates to processing of microalgae biomass by using a
lower energy consumption while avoiding deterioration
of bioactive compounds in the microalgae.

Background of the invention

[0002] Microalgae are a diverse group of phototropic
microorganism. Microalgae are considered an abundant,
sustainable source of biochemical with high biomass pro-
ductivity and the particular ability for conversion of carbon
dioxide to oxygen and bioactive compounds. It has been
estimated that microalgae produce more than 15000 me-
tabolites. Microalgae can also grow on effluents from dif-
ferent sources and reduce their biological oxygen de-
mand by conversions of nutrients such as ammonia and
phosphorous to protein, lipids, vitamins, pigments and
many other valuable compounds.
[0003] The microalgae ranges in size from a few mi-
crometers (mm) to a few hundred micrometers. The term
microalgae often includes cyanobacteria (blue green al-
gae), diatoms and green algae. Microalgae biomass cul-
tivation is receiving a great deal of attention as a potential
source of bioactive compounds. Microalgae can be cul-
tivated on low price growth media such as waste water
and produce high amounts of protein, lipids, pigments
and many other valuable compounds. Carbon dioxide
(e.g. from combustion) can be used as a source of carbon
for algal growth (1 kg of dry algal biomass requiring about
1.8 kg of CO2). It is believed that both productivity and
growth rate of microalgae are much higher compared to
terrestrial crops. Microalgae can produce high amounts
of protein (up to 70%), lipids (up to 70%) and carotenoids
(e.g. 20 mg/g dry weight). So microalgae biomass is a
sustainable and environmental friendly product which
can be used in different applications.
[0004] Today large scale cultivation of microalgae is
being done in raceway open ponds or photo bio reactors
which include flat panel airlift reactors, and tubular reac-
tors. Concentration of microalgae biomass on harvest
time depends on the growth condition and species and
ranges from 100-600 mg/L. This low amount of dry matter
as well as tough cell walls, high viscosity and heat sen-
sitive bioactive compounds are main challenges in
processing of microalgae.
[0005] Microalgae downstream processing includes a
combination of two or more steps such as harvest, up
concentration and drying, depending on the application
of biomass.
[0006] The main harvesting procedures currently used
include sedimentation, in gravity field, centrifugation, flo-
tation and filtration. Centrifugation is the main method for
up concentration, and several types of continuous cen-

trifuges are used in industrial processes. Spray drying is
the most important industrial method which is used for
drying of microalgae biomass, but this method negatively
affects some sensitive compounds such as carotenoids.
The downstream processing of microalgae biomass is
known as a major and costly component of production.
[0007] Most commercial producers of microalgae bio-
mass use today a one step harvest and up-concentration
method followed by direct spray drying of the obtained
slurry. A one step method results in a high energy con-
sumption as well as deterioration of bioactive compounds
in the microalgae, e.g. the carotenoids,
[0008] Hence, an improved method of preparing micro-
algae would be advantageous, and in particular, a simple
and effective method having a lower energy consumption
while having no or low deterioration of the bioactive com-
pounds would be advantageous.

Summary of the invention

[0009] Thus, an object of the present invention relates
to providing a method for processing of microalgae that
is more efficient and economical than the technologies
for processing microalgae known today. One advantage
of the present invention is that it provides a method hav-
ing a reduced energy consumption such that the produc-
tion of microalgae for example is more economical. In
addition, an object of the invention is to provide a method
of processing microalgae with less negative effects on
bioactive compounds. A further object is to provide a
method, which provides a higher recovery of microalgae
biomass with lower degradation and improved stability
of the bioactive compounds present in the microalgae
biomass. For example, the long chain fatty acids, lipids,
proteins, pigments and other natural antioxidants in the
microalgae biomass is maintained.
[0010] Thus, one aspect of the invention relates to a
method for processing of microalgae biomass compris-
ing the steps of:

a) harvesting microalgae by membrane filtration with
a silicon carbide membrane, wherein a source of
microalgae is passed through the silicon carbide
membrane filter to obtain a retentate and a permeate
b) concentration by centrifugation of the retentate
from step a) comprising a paste of microalgae bio-
mass, and
c) drying the concentrated microalgae biomass from
step b).

[0011] Another aspect of the present invention relates
to a microalgae biomass obtainable by the method ac-
cording to the present invention.
[0012] A further aspect of the present invention relates
to the use of the microalgae biomass obtainable by the
method according to the present invention in a feed or a
food product.
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Brief description of the figures

[0013]

Figure 1 shows the harvest performance (flux) for
Nannochloropsis salina by using 300 mm silicon car-
bide membranes with different pore sizes (0.04 mm,
0.1 mm and 1.0 mm). Harvest experiments were done
at constant pressure: 1.360.2 bar and temperature:
2063°C.

Figure 2 shows harvest performance (flux) for Nan-
nochloropsis salina by using 300 mm x 0.1 mm silicon
carbide membranes at different temperatures. Har-
vest experiments were done at constant pressure
1.360.2 bar, and temperature 562°C, 1563°C, and
3065°C.

Figure 3 shows harvest performance (flux) for (a)
Nannochloropsis salina and (b) Chlorella vulgaris,
by using a silicon carbide membrane at different
pressures. Harvest experiments were done at con-
stant temperature 1762°C, and different pressures
(160.1 bar and 260.2 bar). The initial dry matter
content for the two species under the experiment
were 0.14 and 0.88 g/L for Nannochloropsis salina
and Chlorella vulgaris, respectively.

Figure 4 shows microalgae biomass recovery for
centrifugation with different relative centrifugal forc-
es measured in "g". data was collected from up-con-
centrating several microalgae species including
Nannochloropsis salina, Chlorella vulgaris, Chlorella
sorokiniana and Desmodesmus species. Harvesting
was with a silicon carbide membrane and concen-
trating was done at constant temperature 20 61°C,
and for 10 minutes.

Figure 5 shows lipid and protein content (% dry-
weight) variations in (a) Nannochloropsis salina and
Chlorella sorokiniana paste prepared using different
RCF’s (1000-15000 g) under centrifugation. The
microalgae was before up-concentration filtrated by
using a silicon carbide membrane.

Figure 6 shows the fatty acid content composition in
a Nannochloropsis salina paste prepared using dif-
ferent RCF’s (1000-15000 g) under centrifugation.
The microalgae was before up-concentration har-
vested by filtration with a silicon carbide membrane.
Results were shown as % of total fatty acids.

Figure 7 shows the content of different pigments in
a Nannochloropsis salina paste prepared using dif-
ferent RCF’s (1000-15000 g) under centrifugation.
The microalgae was before up-concentration filtrat-
ed by using a silicon carbide membrane. Results
were shown as mg/g dry weight..

Figure 8 shows the relationship between the per-
centage of leakage and RCF values (1000-15000 g)
for Chlorella sorokiniana and Nannochloropsis sali-
na. The microalgae was before up-concentration
harvested by filtration with a silicon carbide mem-
brane. Results are shown in % dry-weight.

Figure 9 shows the dynamic (absolute) viscosity of
microalgae paste prepared by centrifugation at var-
ious RCF’s. Data was shown for (a) Nannochloropsis
salina and Chlorella sorokiniana. The microalgae
was before up-concentration harvested by filtration
with a silicon carbide membrane. Centrifugation was
done at constant temperature 2061°C for 10 min-
utes.

Figure 10 shows the dry matter content in microalgae
pastes prepared by centrifugation at different RCF’s.
data was collected from up-concentration of three
microalgae species: Nannochloropsis salina, Chlo-
rella vulgaris and Chlorella sorokiniana. The micro-
algae was before up-concentration harvested by fil-
tration with a silicon carbide membrane. Centrifuga-
tion was done at constant temperature 2061°C for
10 minutes.

Figure 11 shows the effect of heat treatment (75°C
for 15 seconds) on the fatty acid composition of har-
vested biomass slurries from Nannochloropsis sali-
na.

Figure 12 shows the effect of heat treatment (75°C
for 15 seconds) on the pigment composition of har-
vested biomass slurries from Nannochloropsis sali-
na.

[0014] The present invention will now be described in
more detail in the following.

Detailed description of the invention

Definitions

[0015] Prior to discussing the present invention in fur-
ther details, the following terms and conventions will first
be defined:

The term microns refer in the context of the present
invention to "micrometer".

[0016] In the context of the present invention, men-
tioned percentages are by weight (weight/weight) per-
centages unless otherwise stated.
[0017] The term "and/or" used in the context of "X
and/or Y" should be interpreted as "X", or "Y", or "X and
Y".

3 4 
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Microalgae

[0018] The term microalgae refers in the context of the
present invention any type of microalgae and therefore
includes cyanobacteria (blue green algae), diatoms and
green algae.
[0019] The microalgae used for microalgae down-
stream processing according to the present invention
may be any kind of microalgae. It is not of relevance for
the method which microalgae is processed. Thus the
microalge may for example be any one of Nannochlo-
ropsis sp., Chlorella sp., Monodopsis sp., Arthrospira sp.,
Phaeodatylum sp., Dunaliella sp., and Desmodesmus
sp. or a combination thereof. For example the microalgae
species may be any one of Nannochloropsis salina, Ar-
throspira sp., Chlorella vulgaris, Chlorella sorokiniana,
Chlorella minutissima, Chlorella pyrenoidosa, Monodop-
sis subterranea, Phaeodatylum tricornutom, Dunaliella
salina, and Desmodesmus sp., or a combination thereof.
These types of microalgae is only to be seen as examples
and not a limitation of the invention. Different microalgae
have different content of bioactive compounds. For ex-
ample, Chlorella pyrenoidosa has a high protein content,
while Nannochloropsis salina has a high content of the
long chain fatty acid, eicosapentaenoic acid. Chlorella
vulgaris comprises on the contrary a high amount of car-
otenoids.
[0020] The cell size of microalgae varies from a few
microns to a few hundred microns. An example of a small
microalgae is Arthrospira species, which is only a few
microns large. Nannochloropsis species is an example
of larger microalgae. Biochemical compositions of micro-
algae highly varies and depends on several factors such
as light and temperature. In general, microalgae include
8-70% protein, 4-70% carbohydrates and 2-50% lipids.
Microalgae biomass also includes bioactive compounds
such as carotenoids, pigments, antioxidants, fatty acids,
vitamins and coenzyme Q10.
[0021] Microalgae biomass cultivation is receiving a
great deal of attention as a potential source of bioactive
compounds.
[0022] The method according to the present invention
for downstream processing of microalgae biomass has
the advantage that its energy consumption is lower, com-
pared with processing methods known today, which re-
sults in improved economy in connection with production
of microalgae biomass.
[0023] Microalgae can be cultivated on low price
growth media such as wastewater.

Harvest of microalgae

[0024] The term "harvest", "harvesting" and variations
hereof, refers to increasing the biomass density of the
microalgae. Harvesting microalgae may also be defined
as increasing dry matter in a microalgae suspension, i.e.
a reduction of fluid volume and/or increase in biomass
density. After harvesting according to the present inven-

tion, a paste or slurry containing microalgae biomass is
obtained.
[0025] Harvest of microalgae is the first step of the
downstream process of microalgae and plays a major
role in the energy consumption of the whole process and
quality of the biomass.
[0026] The harvest step comprises harvesting of
microalgae by microfiltration with a silicon carbide mem-
brane, wherein a source of microalgae is passed through
the silicon carbide membrane filter.
[0027] The term "source of microalgae" will in the con-
text of the present invention relate to a suspension of
microalgae after cultivation. The suspension of micro-
algae will typically be microalgae suspended in a growth
medium. Under the harvest step the growth medium is
filtrated away. The growth medium may for example be
industrial process water. However, the growth medium
may be any medium suitable for growth of microalgae
and is not limited to process water. Thus, in an embodi-
ment of the invention, the source of microalgae is a sus-
pension of microalgae. In a preferred embodiment, the
source of microalgae is a suspension of microalgae in
growth medium.
[0028] The term "membrane filtration" and "microfiltra-
tion" refer in the present invention to the same step,
namely filtration with a silicon carbide membrane.
[0029] The concentration of microalgae biomass in
growth medium is typically very low (0.1 to 5 g/L).
[0030] In the present invention, the harvest of micro-
algae biomass by membrane filtration with a silicon car-
bide membrane results in separation of microalgae bio-
mass without any adverse effects on the quality and with
minimum possible required energy.

Membrane filtration

[0031] The membrane filtration used for the harvest
step according to the present invention will retain the
microalgae biomass in a retentate after passing through
the membrane, while the growth medium will pass the
membrane and therefore be present in the permeate.
[0032] The membrane used in the membrane filtration
according to the present invention is a silicon carbide
membrane.
[0033] A silicon carbide membrane is a ceramic mem-
brane.
[0034] In an embodiment of the invention, the pore size
of the silicon carbide membrane is in the range of 0.05
to 0.5mm, such as in the range of 0.08 to 0.2 mm, pref-
erably 0.1mm.
[0035] In a further embodiment of the invention, the
pressure during membrane filtration is not more than 3
bar, such as in the range of 1 to 3 bar, preferably 1-2 bar.
[0036] The temperature used for the membrane filtra-
tion may in principle be any temperature. However, it has
been shown that the harvest performance is increased
with temperatures in the range of 15-20°C65°C. Thus,
in an embodiment of the invention the temperature under
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membrane filtration is in the range of 10-25°C, preferably
15-20°C.
[0037] The membrane filtration may be carried out by
using dead-end membrane filtration or cross-flow mem-
brane filtration. Dead-end membrane filtration is typically
used for filtration of larger microalgae such as for exam-
ple Arthrospira sp. and provides higher concentrations
of the paste. Cross-flow membrane filtration is typically
used for membrane filtration of small size microalgae.
[0038] In the method according to the invention, the
microalgae suspended in growth medium flows tangen-
tially across the membrane and a biomass paste is ob-
tained (retentate).
[0039] In an embodiment of the invention, the harvest-
ed microalgae (retentate) may be recycled to the feed
tank, so that the concentration of microalgae in the feed
increases to a constant level (final concentration). Thus,
an embodiment of the inventionrelates to that the method
further comprises recirculation of the retentate from step
a) to the source of microalgae and repeating step a) at
least two times before concentration in step b).
[0040] An advantage of harvesting microalgae by us-
ing membrane filtration is that the salt content is being
washed out during membrane filtration into the permeate.
This is an advantage compared to other harvest meth-
ods, since those methods will require an additional wash-
ing procedure to remove salt from the biomass.
[0041] The permeability of salt and salt complexes is
not the same for different membranes, however, the in-
ventors of the present invention have surprisingly found
out that salt is efficiently washed out in the permeate
when using a silicon carbide membrane.

Flocculants

[0042] In an embodiment of the invention, a flocculant
is added to the source of microalgae, i.e. the suspension
of microalgae in growth medium, before harvesting.
[0043] The flocculant may in an embodiment of the in-
vention be a chemical flocculant, such as aluminium ox-
ide, iron chloride (iron (III) chloride, cationic polymers,
chitosan and surface active agents.
[0044] Addition of a flocculant before harvesting may
ease the harvest step such that the separation of micro-
algae biomass and growth medium is more easy.
[0045] The flocculant may also be a bio-flocculant, for
example bacterias. Bacterias that may be used as bio-
flocculants are Paenibacillus sp., Burkholderia cepacia-
has.

Centrifugation

[0046] After harvest of the microalgae biomass, the
microalgae biomass (the retentate from the filtration step)
is centrifuged in order to concentrate the microalgae bi-
omass. During the centrifugation, solids are sedimented
and liquids are filtrated away.
[0047] During the downstream processing of micro-

algae, the microalgae cells are being affected by the hy-
drodynamic forces from mechanical processes such as
pumping, mixing or centrifugation. These external forces
could cause cell wall rupture when too high. Microalgae
cell wall strength is not the same, so some species are
more sensitive to such external stresses. Smaller forces
cause cell death without membrane fracture. Cell rupture
has both the active and adverse consequences, depend-
ing on the aim of the process. When the microalgae bi-
omass is supposed to be used in a food or feed, e.g. fish
feed, the quality of the bioactive compounds (nutrients)
is of great importance and it is thus necessary that the
cell wall of the microalgae has not ruptured. Rupture of
cell wall can lead to leakage of lipid and a fatty acids. It
is an object of the present invention to avoid rupture of
the cell wall or at least minimize the rupture.
[0048] The centrifugal force, which may also be termed
as centrifugal power, influences the separation efficiency
of the centrifugation. The higher the centrifugal force is,
the higher is the efficiency. For example, centrifugation
of microalgae suspended in growth medium will in aver-
age result in obtaining 95% microalgae by centrifugation
using a centrifugal force of 13.000g, while the efficiency
is 60% at 6.000g, and 40% at 1.300g. However, the re-
covery of microalgae is dependend on the type of micro-
algae used.
[0049] In the present invention, where centrifugation
is performed on harvested microalgae (microalgae paste
obtained from membrane filtration with a silicon carbide
membrane), the separation efficiency of the centrifuge is
more than 99% when using a centrifugal force of 6000g
or above. When centrifugation is made with a centrifugal
force of 4500g, the recovery efficiency is about 75%,
while the recovery efficiency of microalgae is about 65%
using a centrifugal force of 1000g, see figure 4.
[0050] Figure 10 shows the dry matter content (%DM)
for three microalgae, Nannochloropsis salina, Chlorella
sorokiniana and Chlorella vulgaris after harvesting with
a silicon carbide membrane and centrifugation with dif-
ferent centrifugal forces. Figure 10 shows that the dry
matter content is increased dependent on the centrifugal
force used under centrifugation.
[0051] Hence, it is an important aspect of the present
invention, that both membrane filtration and centrifuga-
tion is used in order to process the microalgae biomass.
If only centrifugation is used, a much higher centrifugal
force is needed in order to have a high efficiency of micro-
algae biomass. In addition, if only membrane filtration is
used in processing microalgae and no centrifugation step
is added, the microalgae paste (retentate) obtained from
membrane filtration with the silicon carbide membrane
will have very high moisture content and therefore require
a very high energy consumption when drying. It is an
object of the present invention to reduce the consumption
of energy.
[0052] In an embodiment of the invention, the centrif-
ugal force is at least 4000g, such as at least 5000g, pref-
erably at least 5500g, even more preferably at least
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6000g. In a preferred embodiment of the invention, the
centrifugal force is at least 5500g.
[0053] However, the packing factor "Ø" is defined as
the volumetric proportion of solid to the liquid in the paste.
Both average cell size and cell shape affect the packing
factor. For Chlorella vulgaris, which has a comparative
large cell size (7-9mm) the maximum packing factor was
reported to be Ø=0.637 for a dry matter concentration of
159.25 g/L. On the contrary, microalgae such as Chlo-
rella vulgaris can produce extracellular polymeric sub-
stances under stress condition and overcome the me-
chanical stresses such as hydrodynamic forces. These
compounds bond water and hence, the separation of the
bonded water would require very high centrifugal forces .
Thus, increasing the centrifugal forces in processing
Chlorella vulgaris would not alter the dry matter concen-
tration in the biomass. For Chlorella sorokiniana and
Nannochloropsis salina higher concentrations of dry mat-
ter was obtained than for Chlorella vulgaris at elevated
centrifugal forces. Increasing biomass concentration,
however, do not increase the pumping cost since the
pumping efficiency increases with higher RCF values.
[0054] The inventors of the present invention has also
found out that centrifugation using high centrifugal forces
results in deterioration of the bioactive compounds in the
microalgae. This is due to rupture of the cell wall of the
microalgae. The combination of these external forces
causes rupture or leakage of the lipids to the water phase.
For microalgae with larger cell size and thinner cell walls,
this phenomenon could result in a loss of 40% of the lipid.
Lipid content (both in membrane and intercellular lipids),
cell wall strength, amounts of damaged cells because of
previous mechanical stresses and cell size are critical
factors that could affect the degree of leakage in micro-
algae. Figure 8 shows that the higher the centrifugal force
is under centrifugation, the higher is the leakage of lipids.
[0055] The inventors of the present invention has found
out that when increasing the relative centrifugal force
(RCF) under centrifugation, the cell wall is ruptured which
results in a decrease in lipid content and fatty acid con-
tent. When microalgae biomass is used for food or feed
it is important to maintain bioactive compounds, and in
particular lipids and fatty acids.
[0056] Therefore, the present inventors found out that
the harvested microalgae could be centrifuged using cen-
trifugal forces of about 4000 g to 10000 g, such as
5000-8000 g preferably 5500-8000 g, even more prefer-
ably 6000 g to 7000 g to avoid cell rupture. The centrif-
ugation is preferably done in a bowl centrifuge, such as
a tubular bowl centrifuge.
[0057] The polyunsaturated fatty acids, such as eicos-
apentaenoic acid (EPA), belong to the group of fatty acids
called omega-3 fatty acids. The animal or human body
itself cannot generate these fatty acids. Instead, they
must be obtained through the diet. The animal or human
can convert the short-chain version of omega-3 fatty ac-
ids, alpha-linolenic acid (ALA), which is present in high
amount in plant oils, to a long-chain version (EPA, DHA)

to make use of it., but this conversion of ALA to EPA and
DHA does not happen efficiently. Thus, a supply is of
EPA and DHA is needed in the animal and human from
other sources than ALA in plant oils.
[0058] EPA has beneficial anti-inflammatory effects
and beneficial effects in preventing cardiovascular dis-
eases.
[0059] With the method according to the present in-
vention, microalgae biomass may be produced having a
high content of fatty acids, including EPA, and lipids and
avoids unnecessary loss of lipids and fatty acids.
[0060] From figure 5 and 6, it can be seen that the lipid
content and fatty acid content decreases in microalgae
biomass when the relative centrifugal force (RCF) during
centrifugation is increased. This is due to rupture of the
cell wall of the microalgae when too high a centrifugal
force is used under centrifugation. In particularly, it is
shown in figure 6 that when the RCF value increase, the
contents of the polyunsaturated fatty acids decrease.
Microalgae membrane lipids comprise polyunsaturated
fatty acids such as eicosapentaenoic acid (EPA). EPA
has very beneficial effects to health and rupture of cell
wall results in loss of these compounds.
[0061] Furthermore, cell wall rupture due to high cen-
trifugal forces under centrifugation can also be seen
since the content of pigments is increased as centrifugal
forces is increases. This is due to cell rupture, which re-
sults in better extractability of the pigments.
[0062] The inventors of the present invention has found
out that when up concentrating the harvested biomass
by centrifugation with use of a moderate centrifugation
force, the obtained microalgae biomass has a low mois-
ture content and surprisingly no any rupture of the cell
wall.
[0063] Thus, in a preferred embodiment of the inven-
tion, the centrifugal force under centrifugation is in the
range of 4000 g to 10000 g., preferably, the centrifugal
force is in the range of 5000 g to 9000 g, such as in the
range of 5500 to 8000 g, preferably in the range of 6000
to 7500 g, even more preferably in the range of 6000 g
to 7000 g.
[0064] In the method according to the present invention
the centrifugal force during centrifugation is for example
in the range of from 6000g to 8000g. This range is ad-
vantageous since it results in high yield of microalgae
without deterioration of the microalgae.

Drying

[0065] Drying is the last step of the microalgae down-
stream processing. In the drying step the moisture con-
tent is further decreased.
[0066] The drying step is an important step of the down-
stream processing of microalgae biomass since a micro-
algae biomass paste with a high moisture content is not
suitable for applications such as food and feed where a
dry biomass is required, because a dry microalgae bio-
mass has an increased shelf life which is required for
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feed and food.
[0067] Drying of microalgae is required to facilitate the
transportation, extend the shelf life and storage ability
and to ease the applications for food and feed formula-
tions.
[0068] Drying is the last step in method of processing
microalgae. Drying requires large amounts of energy and
involves irreversible deteriorations to the product. In or-
der to reduce the drying time and thus reduce energy
consumption, it is an object of the invention to have a
microalgae biomass with a low moisture content before
drying. This is obtained with the combination of harvest-
ing by membrane filtration and up-concentrating the
microalgae biomass by centrifugation according to the
present invention.
[0069] After the centrifugation step, a microalgae bio-
mass paste is obtained with a solid content of 20-40%
dry matter weight. However, after the drying step the
moisture content of the microalgae biomass is reduced
to less than 10% dry matter weight.
[0070] In addition, storage, transportation and applica-
tion of dried microalgae biomass is more economical than
wet biomass paste.
[0071] The drying step according to the present inven-
tion may be any one of the following drying methods; sun
drying, fluidised bed drying, spray drying, drum drying,
incinator drying, cabinet drying, flash drying, spin flash
drying and freeze drying. In a preferred embodiment of
the present invention, the drying step is by use of a spin
flash dryer.
[0072] Flash drying is a drying method where feed is
injected into the bottom of a drying tube, in which a stream
of hot gas is mixed with the biomass. The biomass hereby
loses the moisture rapidly while moved by the drying
stream. The gas is usually air.
[0073] Preferably, the dryer is a spin flash dryer having
scraping paddles which moves close to the drying cham-
ber walls (2mm) providing that the feed introduced to the
drying chamber is immediately scraped from the walls
and fluidised in the stream of the air. Drying occurs in
seconds and the desity of smaller particles reduces so
that they can be moved with the stream of air to the outlet.
Larger particles return continuously to the scapping area
and can move to the outlet and being distributed to the
smaller sizes of biomass.
[0074] Sun (solar) drying includes two types of drying,
indirect drying and direct drying. The indirect drying meth-
od uses hot air heated up by solar energy as drying agent.
This prevents the products from overheating. Overheat-
ing may occur in the direct drying method.
[0075] Drum drying include a moving cylinder with fa-
cilities for deposition of the feed in thin layers on the hot
surface of the drum and scraping blades to remove the
dried layers. The design of the drum dryer to be used in
the present invention may comprise a single, two or more
scraping blades.
[0076] Cabinet drying is another example of drying to
be used in the present invention. Cabinet drying can be

categorized as direct air (cross flow) or vacuum cabinet
drying.
[0077] In fluidised bed drying, pressurized drying
stream passes through the particulate medium, giving
properties of normal fluids, such as the ability to free-flow
under gravity to the particulate medium.
[0078] Spray drying is a preferred method of drying the
microalgae biomass slurry according to the present in-
vention. Spray drying is a preferred method when the
product is aiming for consumption, i.e. to be used in a
feed or food. The spray drying method is continuous and
can handle large amounts of biomass, while having a low
drying time, as low as a few seconds. The microalga bi-
omass slurry is sprayed in the drying chamber through
a stream of hot gas. The dried product is afterwards re-
moved from the bottom of the dryer. The spray drying
method is very efficient, but due to the high pressure
induced by the atomization process and very high tem-
perature (over 200°C), and some bioactive compounds
may therefore be lost.
[0079] Freeze drying is another example of a drying
method used in the present invention. Freeze drying is
a high quality, efficient and expensive drying technique,
where the biomass is being dehydrated under high vac-
uum, This method is typically used in high-value prod-
ucts. However, freeze-drying is quite expensive. It has
also been shown by the present inventors that at the
freezing step before freeze-drying, ice crystals grow in-
side the cell, which results in cell rupture,. On the con-
trary, endogenous enzymes remain intact, which is a dis-
advantage.

Microalgae biomass

[0080] The microalgae biomass obtained by the meth-
od according to the present invention (harvest, up con-
centrating and drying) has a high content of protein, a
moderate amount of lipids, and elevated levels of bioac-
tive compounds such as carotenoids, tocopherols, es-
sential amino acids and long chain polyunsaturated fatty
acids. The method according to the present invention of
preparing a microalgae biomass has the advantage that
cell rupture of the microalgae is avoided or at least min-
imized. In addition, the present method provides a micro-
algae biomass product with a high content of carotenoids
and lipids, such as a high content of polyunsaturated fatty
acids, which is desired in the final product.
[0081] In an aspect of the invention, the protein content
in the microalgae biomass remain unaffected.
[0082] In an embodiment of the invention, the amount
of protein in the obtained microalgae biomass is at least
25% by weight of dry matter, such as at least 30% by
weight of dry matter, preferably at least 32% by weight
of dry matter. The amount of protein may for example be
from 25-70% by weight based on dry matter. In a pre-
ferred embodiment of the invention, the amount of protein
in the microalgae biomass obtained by the method ac-
cording to the present invention is 30-60% by weight of
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dry matter.
[0083] The amount of lipids in the in the obtained micro-
algae biomass is at least 7% by weight of dry matter,
preferably at least 10% by weight based on dry matter.
In a further embodiment of the invention, the amount of
lipids in the obtained microalgae biomass is in the range
of 5-60% by weight based on dry matter, such as from
10-55% by weight based on dry matter. In a particularly
preferred embodiment of the invention, the amount of
lipid in the obtained microalgae biomass obtained by the
present invention is in the range of 40-50% by weight
based on dry matter. A biomass with this high amount of
lipids will have a high EPA content and be suitable for
dietary supplements.

Heat treatment

[0084] In an embodiment of the invention, the micro-
algae biomass obtained by harvesting, up concentrating
and drying according to the present invention may fur-
thermore be subjected to heat treatment. Heat treatment
of the microalgae biomass provides inactivation of en-
zymes in the microalgae, which extend the shelf life of
dried microalgae biomass.
[0085] Microalgae contain enzymes such as endog-
enous enzymes, lipase and lipoxygenase, which could
degrade the cellular lipids, especially in the wet micro-
algae biomass. The free fatty acids in a microalgae bio-
mass could increase very fast due to the presence of
enzymes such as lipase in the microalgae cell. Hence,
inactivation of enzymes could extend the shelf life of lipid
containing microalgae biomass. Inactivation could be by
heat treatment of the microalgae biomass.
[0086] On the contrary, some compounds in the micro-
algae is heat sensitive, such as carotenoids and highly
unsaturated fatty acids. Thus, a gentle heat treatment
such as pasteurisation which inactivate the enzymes but
have less adverse effects on the heat sensible bioactive
compounds is preferred.
[0087] Thus, in a preferred embodiment of the inven-
tion, the method according to the invention further com-
prises a step of pasteurization the harvested microalgae
before centrifugation. Thus, the method further compris-
es a step of pasteurization of the retentate obtained in
step a) of the present invention before concentration in
step b).
[0088] The pasteurization may for example be done at
a temperature of 60-120°C for 5-30 seconds, such as
60-100°C for 5-30 seconds, preferably 65-90°C for 10-25
seconds. Most preferably pasteurization is at a temper-
ature of 75°C for 15 seconds. This pasteurization param-
eters showed the least deterioration of carotenoids, pig-
ments and fatty acids and eligibility of the enzyme inac-
tivation.
[0089] In another embodiment of the invention, the
heat treatment is made during the drying step, such as
using a heat dryer. A heat dryer could for example be a
spray dryer, drum dryer or cabinet dryer. The tempera-

tures in theses typers of dryers could be adjusted to
60-120°. A gentle drying method, such as freeze drying,
would not heat treat the microalgae biomass, and there-
fore pasteurization could be performed when using
freeze drying for drying the microalgae biomass.

Use

[0090] Microalgae can be used in different applica-
tions. In general, applications of microalgae can be cat-
egorized into two broad areas; fuel and non-fuel. Fuel
applications include biodiesel, methane, ethanol, and hy-
drogen. Non-fuel applications are nutraceuticals, food
and feed, pharmaceuticals, wastewater treatment and
pollution control, cosmetics, and chemicals such as bi-
opolymer and lubricants.
[0091] The method according to the present invention,
is particularly suitable for non-fuel applications and in par-
ticular for food and feed products, since the method re-
sults in a high yield of biomass without destroying the
bioactive compounds, i.e. the microalgae biomass ob-
tained by the present invention is highly suitable for food
and feed products.
[0092] In an aspect of the invention, the microalgae
biomass obtainable by the method according to the in-
vention is used in a feed.
[0093] In an embodiment of the invention, the feed is
a feed for pigs, cows, poultry or fish. In a preferred em-
bodiment the microalgae biomass obtainable according
to the present invention is uses in a fish feed.
[0094] In a further aspect of the invention, the micro-
algae biomass obtainable by the method according to
the invention is used in a food product.
[0095] In an embodiment of the invention, the food
product is selected from the group of dough, bread, buns,
cake, pasta, cookies and energy bars.
[0096] It should be noted that embodiments and fea-
tures described in the context of one of the aspects of
the present invention also apply to the other aspects of
the invention.
[0097] All patent and non-patent references cited in
the present application, are hereby incorporated by ref-
erence in their entirety.
[0098] The invention will now be described in further
details in the following non-limiting examples.

Examples

Methods and analyses used

[0099] Protein determination: The protein content in
the microalgae samples was estimated using a modified
micro Biuret method (Safafar, H., Z. Hass, M., Møller, P.,
L. Holdt, S., & Jacobsen, C. (2016). High-EPA Biomass
from Nannochloropsis salina Cultivated in a Flat-Panel
Photo-Bioreactor on a Process Water-Enriched Growth
Medium. Marine Drugs.)
[0100] The amino acid composition was analysed by

13 14 



EP 3 330 365 A1

9

5

10

15

20

25

30

35

40

45

50

55

LC-MS, using EZ:faast™ amino acid analysis (Phenom-
enec Inc. CA, USA) (Safafar, H., Z. Hass, M., Møller, P.,
L. Holdt, S., & Jacobsen, C. (2016). High-EPA Biomass
from Nannochloropsis salina Cultivated in a Flat-Panel
Photo-Bioreactor on a Process Water-Enriched Growth
Medium. Marine Drugs).
[0101] Lipids were extracted with a mixture of chloro-
form, methanol, and water, as described by Bligh and
Dyer (1959).
[0102] Fatty acid profile was analysed by gas liquid
chromatography according to the AOCS official method
(Firestone 2009).
[0103] Analysis of tocopherols and tocotrienols was
done by using LC-FLD Corporation, Massachusetts,
USA, using a mixture of isopropanol and heptane
(0.5:99.5) as the mobile phase (Firestone 2009).
[0104] Pigments extraction and analysis were done by
the method described by: Safafar, H., van Wagenen, J.
M., Møller, P., & Jacobsen, C. (2015). Carotenoids, Phe-
nolic Compounds and Tocopherols Contribute to the
Antioxidative Properties of Some Microalgae Species
Grown on Industrial Wastewater. Marine Drugs, 13(12),
7339-7356. doi:10.3390/md13127069.
[0105] Measurement of moisture was done by an AD
4714A moisture analyser (A&D Company, Tokyo, Ja-
pan).
[0106] Viscosity measurement was done by senior ro-
tary rheometer (Mars II, Haake, Germany).
[0107] Heat treatment experiments were done in boro-
silicate glass tubes (25-250 mL), in a temperature con-
trolled water bath. Samples were cooled immediately af-
ter heating in a cold water container.

Example 2 - Harvest - test of different pore size of 
membrane

[0108] In order to evaluate the effect of membrane pore
size on harvest performance, a culture of Nannochlorop-
sis salina was harvested by using silicon carbide mem-
branes having different pore sizes.
[0109] The harvest of Nannochloropsis salina was
done in batch mode by a silicon carbide membrane (SiC)
microfiltration from Liqtech A/S, Denmark. A pilot scale
filtration unit was designed and constructed for laboratory
scale trials. The silicon carbide membranes (diame-
ter=25mm and length=305 mm, where the channels in
the tube has a diameter of 3 mm) with different pore sizes
(0.04, 0.1 and 1 mm) have been evaluated. The harvest
experiments were done at constant pressure 1.363°C
bar and temperature 2063°C.
[0110] The capacity of the microfiltration unit used was
20 L/h, and the unit was used for filtration test of different
microalgae species. 10-20 L if growth medium (feed) was
utilized for each species. For marine species, salt content
was also evaluated in both permeate and harvested
phases.
[0111] The result of the experiment is shown in figure 1.
[0112] As shown in figure 1, harvest by 1.0 mm started

at higher fluxes but declined to a low flux after 120 min-
utes. The flux for membranes with a smaller pore sizes
reached the steady state after 60 minutes, with no differ-
ence between 0.04 and 0.1 mm membranes. Due to the
higher pressure drop, energy consumption increases
when the pore size decreases, so a membrane with 0.1
mm pore size would be a better candidate for the harvest
of microalgae with the small size range (2-4mm).
[0113] The membrane having a pore size of 1.0mm de-
stroys the cell wall of the microalgae and is therefore not
suitable. Thus, a pore size around 0.1mm is preferred.

Example 3 - Harvest - effect of the temperature

[0114] Effect of the temperature on the flux for a Nan-
nochloropsis salina culture was evaluated. The harvest
of Nannochloropsis salina was performed as in example
2, but the pore size was maintained at 0.1 mm for all
samples and instead the temperature was varied. The
temperature was 5°C, 15°C and 30°C respectively. The
result of the experiment is shown in figure 2.
[0115] As shown in figure 2, the harvest performance
(flux) started at higher rates at higher temperatures, but
declined faster for the 3065°C experiment, compared to
lower temperatures. This finding can be explained by the
fact that microalgae cell wall is more rigid at low temper-
ature. On the other hand, the viscosity of fluids increases
when the temperature decreases which negatively af-
fects the filtration performance, so filtration in a range of
15-20°C will be the optimum temperature for harvest of
intact, non-ruptured microalgae with a rigid cell wall.

Example 4 - harvest - effect of pressure

[0116] The effect of the transmembrane pressure on
harvest performance has been evaluated. Harvest ex-
periments were done at constant temperature, 1762°C,
and with different pressure 160.1 bar and 260.4 bar.
Pressure was measured and controlled at the filter hose
outlet stream. The initial concentrations of dry matter
were 0.14 and 0.88 g/L for Nannochloropsis salina and
Chlorella vulgaris, respectively.
[0117] The result of the experiment is shown in figure
3. (a) shows the harvest performance (flux) of Nanno-
chloropsis salina and (b) shows the harvest performance
of Chlorella vulgaris.
[0118] As shown in figure 3, the flux increased when
the pressure increased. However, in a biological fluid like
a microalgae culture, there are many different factors
which can affect the flux during the time and change the
filtration efficiency at various pressures. The so-called
transmembrane pressure for a silicon carbide membrane
should be less than 3 bars. Higher pressures showed an
adverse effect on the long term harvest efficiency but
changed the filtration behaviour of the filter, especially
for low pore size membranes, e.g. 0.04-0.1mm mem-
branes (not shown here).
[0119] As shown in figure 3, filtration of Nannochlorosis
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salina at 2 bar pressure increased the flux during the
harvest for 120 minutes. Final concentration ratio (C) was
also apparently higher (24.3%) when compared to the
lower pressure harvested sample (18%).
[0120] For the Chlorella vulgaris sample, surprisingly
no significant differences were observed in the harvest
efficiency.

Example 5 - Effect of recovery using different cen-
trifugal forces in the centrifugation step

[0121] Harvest by membrane filtration with a silicon
carbide membrane and up-concentrating by centrifuga-
tion was tested on Nannochloropsis salina, Chlorella vul-
garis, Chlorella sorokiniana and Desmodesmus sp.
where the harvest parameters was the maintained the
same, but the centrifugal force under centrifugation was
varied. The centrifugal forces varied from 1000-15.000g.
The microalgae cultures were before up-concentration
by centrifugation harvested by using a silicon carbide
membrane (300 mm x 0.1mm) at room temperature at
1.260.2 bar.
[0122] The centrifugation was done at a constant tem-
perature 2061°C for 10 minutes in 500 ml polyethene
centrifuge tubes by using a bench scale batch centrifuge
(Sorvall RC 6 Plus form Thermo scientific, Wlatham, MA,
USA).
[0123] The biomass recovery was measured for the
samples where the centrifugal force has been varied, see
figure 4.
[0124] Biomass recovery depends on several factors
such as cell size, growth stage, the percentage of dam-
aged/dead cells and the initial concentration of the cul-
ture. As shown in figure 4, the values of relative centrif-
ugal forces (RCF) of more than 6000 g were estimated
to be higher than 99.2%. Deviations in the biomass re-
covery at lower RCF was high. The recovery for small
size and damaged microalgae cells was lower than the
others. When RCF values greater than 6000 g were ap-
plied, regardless of the parameters mentioned above,
nearly all of the biomass was recovered. Physical and
chemical properties of the up concentrated biomass are
different. According to this model, the ideal RCF for the
recovery pf the microalgae falls in the range of 6000 g
which compared to the higher values, require less ener-
gy, while factors such as dry matter in the biomass and
physiochemical properties shall also be considered.

Example 6 - protein and lipid content by using differ-
ent centrifugal forces in the centrifugation step

[0125] The effect of centrifugation at different relative
centrifugal forces (RCF’s) were evaluated on Nannochlo-
ropsis salina and Chlorella sorokiniana.
[0126] The microalgae cultures were before up-con-
centration by centrifugation harvested by using a silicon
carbide membrane (300 mm x 0.1mm) at room temper-
ature at 1.260.2 bar. The centrifugal forces varied from

1000-15000g. Centrifugation was done at constant tem-
perature 2061°C for 10 minutes. The protein and lipid
content in samples was measured after harvest and after
centrifugation with different centrifugal forces, 1000g.
4500g, 6300g, 10000g and 15000g.
[0127] The protein and lipid content in the samples is
shown in figure 5. Figure 5 (a) shows lipid and protein
contents (%-dry weight) of Nannochloropsis salina and
figure (b) shows lipid and protein content (%-dry weight)
of Chlorella sorokiniana for different RCF values.
[0128] As shown in figure 5, the content of protein in-
creased in centrifuged samples, especially at higher RCF
values, compared to the harvested sample. For Chlorella
sorokiniana, variations in protein content were more ap-
parent than Nannochloropsis salina. For the samples
centrifuged at 15000 g, the protein content was meas-
ured to be 3461.13 % dry-weight, which compared to
the harvested sample (3260.96 % dry-weight) was high-
er. However, only slightly higher. On the contrary, the
lipid content decrease significantly when the relative cen-
trifugal forces (RCF) increased for both Chlorella sorok-
iniana and Nannochloropsis salina. Variations in lipid
content was higher for Chlorella sorokiniana. It is be-
lieved by the inventors of the present invention that the
reason why the lipid content was lower at 15000g for
Chlorella sorokiana than compared to the lipid content
of Nannochloropsis salina at 15000g, is the difference of
the average cell size of the two microalgae. The average
cell size of Chlorella sorokiniana is 5-9 mm, while the
average cell size for Nannochloropsis salina is 2-4mm.
Thus, Chlorella sorokiana is bigger than Nannochlorop-
sis salina and the degree of cell wall rupture caused by
centrifugation was higher. Due to the rupture, some of
the lipids (mostly membrane lipids) were liberated to the
water phase, while extractability of the proteins are in-
creased slightly for the same reason.

Example 7 - fatty acid composition content by using 
different centrifugal forces in the centrifugation step

[0129] Variations in the fatty acid composition in a cul-
ture of Nannochloropsis salina with high content of pol-
yunsaturated fatty acids were investigated.
[0130] As in example 5 and 6, the microalgae cultures
were before up-concentration by centrifugation harvest-
ed by using a silicon carbide membrane (300 mm x
0.1mm) at room temperature at 1.260.2 bar. The centrif-
ugal forces varied from 1000-15000g. Centrifugation was
done at constant temperature 2061°C for 10 minutes.
The fatty acid content in samples was measured after
harvest and after centrifugation with different centrifugal
forces, 1000g, 4500g, 6300g, 10000g and 15000g.
[0131] The fatty acid content in the samples is shown
in figure 6, where the results are presented as % of total
fatty acids (n=2).
[0132] As shown in figure 6, when the RCF value in-
crease, the contents of the polyunsaturated fatty acids
decrease. In microalgae membrane lipids comprise pol-
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yunsaturated fatty acids such as eicosapentaenoic acid
(EPA). EPA has very beneficial effects to health and rup-
ture of cell wall results in loss of these compounds.

Example 8 - content of pigment in relation to different 
centrifugal forces in the centrifugation step

[0133] Effects of centrifugation on the pigment compo-
sition in two microalgae species, Nannochloropsis salina
and Chlorella sorokiniana were investigated.
[0134] As in example 5, 6, and 7 the microalgae cul-
tures were before up-concentration by centrifugation har-
vested by using a silicon carbide membrane (300 mm x
0.1mm) at room temperature at 1.260.2 bar. The centrif-
ugal forces varied from 1000-15000g. Centrifugation was
done at constant temperature 2061°C for 10 minutes.
The pigment content in samples was measured after har-
vest and after centrifugation with different centrifugal
forces, 1000g, 4500g, 6300g, 10000g and 15000g.
[0135] The pigment content in the samples is shown
in figure 7. Figure 7 (a) shows the pigment composition
(% dry-weight) in Nannochloropsis salina and figure 7 (b)
shows the pigment composition (% dry-weight) in Chlo-
rella sorokiniana paste. The pigments measured is vio-
laxanthin, vaucheriaxnthin, chloropyll a, β-carotene and
a pool of other carotenoids.
[0136] From figure 7, it is shown that all pigments, in-
cluding chlorophylls, carotenes, and xanthophylls, higher
concentrations were achieved in the samples which were
centrifuged at higher RCF values. Higher concentrations
of pigments is also due to cell wall rupture due to high
centrifugal forces during centrifugation.

Example 9 - leakage of lipids dependent on different 
centrifugal forces in the centrifugation step

[0137] Effects of centrifugation on the lipid leakage to
the water phase for two microalgae species, Nannochlo-
ropsis salina and Chlorella sorokiniana were investigat-
ed.
[0138] As in example 5 to 8, the microalgae cultures
were before up-concentration by centrifugation harvest-
ed by using a silicon carbide membrane (300 mm x
0.1mm) at room temperature at 1.260.2 bar. The centrif-
ugal forces varied from 1000-15000g. Centrifugation was
done at constant temperature 2061°C for 10 minutes.
The percentage of leakage (% dry weight of biomass) in
samples was measured after harvest and after centrifu-
gation with different centrifugal forces, 1000g. 4500g,
6300g, 10000g and 15000g.
[0139] Figure 8 shows the relationship between the
percentage of leakage and relative centrifugal forces
(1000 g, 4500 g, 6300 g, 10000 g and 15000 g), for Chlo-
rella sorokiniana and Nannochloropsis salina.
[0140] It is shown in figure 8 that the degree of leakage
increases as the centrifugal force under centrifugation
increases. For Chlorella sorokiniana having a larger av-
erage cell size, the degree of the leakage is much higher,

offering the fact that centrifugation of microalgae with
larger cell sizes or thinner cell walls shall be done with
lower centrifugal forces.

Example 10 - viscosity dependent on different cen-
trifugal forces in the centrifugation step

[0141] The viscosity of two microalgae species, Nan-
nochloropsis salina and Chlorella sorokiniana were in-
vestigated when using different centrifugal forces under
centrifugation.
[0142] As in example 5 to 9, the microalgae cultures
were before up-concentration by centrifugation harvest-
ed by using a silicon carbide membrane (300 mm x
0.1mm) at room temperature at 1.260.2 bar. The centrif-
ugal forces varied from 1000-15000g. Centrifugation was
done at constant temperature 2061°C for 10 minutes.
The viscosity of samples was measured after harvest
and after centrifugation with different centrifugal forces,
1000g. 4500g, 6300g, 10000g and 15000g.
[0143] Figure 9 shows the relationship between the vis-
cosity and relative centrifugal forces (1000 g, 4500 g,
6300 g, 10000 g and 15000 g), for Chlorella sorokiniana
and Nannochloropsis salina. It is shown that the viscosity
increases by increasing the centrigugal force. Both
microalgae species Nannochloropsis salina and Chlore-
lla sorokiniana showed the same pattern. Microalgae
paste represents a pseudoplastic behaviour as the vis-
cosity decreases upon shear stress and then stays con-
stant over time.

Example 11 - dry matter content in biomass depend-
ent on different centrifugal forces in the centrifuga-
tion step

[0144] Concentration after centrifugation, in form of dry
matter content, was investigated for three microalgae
species, Nannochloropsis salina, Chlorella sorokiniana
and Chlorella vulgaris when using different centrifugal
forces under centrifugation.
[0145] As in example 5 to 10, the microalgae cultures
were before up-concentration by centrifugation harvest-
ed by using a silicon carbide membrane (300 mm x
0.1mm) at room temperature at 1.260.2 bar. The centrif-
ugal forces varied from 1000-15000g. Centrifugation was
done at constant temperature 2061°C for 10 minutes.
The weight percentage of dry matter (DM%) of samples
was measured after harvest and after centrifugation with
different centrifugal forces, 1000g. 4500g, 6300g,
10000g and 15000g. Thus, all samples has been treated
the same way before centrifugation and the only process
parameter varying is the centrifugal force during centrif-
ugation.
[0146] Figure 10 shows the relationship between dry
matter content and relative centrifugal forces. Figure 10
shows that the concentration ratio highly varied between
harvested microalgae species. The dry matter content in
centrifuged pastes ranged from 1262.0 % dry-weight to
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38.361.0 % dry-weight for several microalgae investi-
gated.
[0147] It can be seen in figure 10 that the initial con-
centration of dry matter for Chlorella vulgaris was higher
than for Nannochloropsis salina, but the dry matter ob-
tained at higher RCF values was apparently lower for
Chlorella vulgaris. For all three types of microalgae, the
dry matter content increased when the RCF increased.
The dry matter content obtained was highest for Nanno-
chloropsis salina and lowest for Chlorella vulgaris. Fur-
thermore, figure 10 shows that for all three microalgae,
the dry matter content increased the most at lower RCF
values (1000 g to 10000 g), while the increase in dry
matter when using even higher RCF’s than 10000 g did
lead to an increase in dry matter, but not as high as com-
pared to lower RCF’s.

Example 12 - effect of heat treatment

[0148] In order to evaluate the effects of heat treatment
on bioactive compounds in the microalgae biomass, a
culture of the Nannochlorosis salina was, and afterwards
harvested by membrane filtration with a silicon carbide
membrane. After harvest, a portion of the harvested sam-
ple was pasteurized at 75°C for 15 seconds while another
portion was not heat treated.
[0149] The content of fatty acids and pigments (Chlo-
rophyll a, β-carotene, other carotenoids, Voucheriaxan-
thin and Violaxanthin) was measured. The result is
shown in figure 11 and 12.
[0150] Figure 11 shows that only a 7.8% reduction of
eicosapentaenoic acids (C20:5, n-3) is caused by the
heat treatment. The reduction of eicosapentaenoic acid
can be explained by the fact that this fatty acid is present
in the cell wall membrane of microalgae.
[0151] Figure 12 shows that the content of the pig-
ments was also affected by the heat treatment process.
The content of Violaxanthin was surprisingly higher in
the heated sample than in the unheated sample. This
can be explained by with that the heat treatment could
affect the cell wall and enhance the extractability of pig-
ments. Figure 12 also shows that heat treatment do no
alter the content of chlorophyll.

Claims

1. A method for processing of microalgae biomass
comprising the steps of:

a) harvesting microalgae by membrane filtration
with a silicon carbide membrane, wherein a
source of microalgae is passed through the sil-
icon carbide membrane filter to obtain a reten-
tate and a permeate
b) concentration by centrifugation of the reten-
tate from step a) comprising a paste of micro-
algae biomass, and

c) drying the concentrated microalgae biomass
from step b).

2. The method according to claim 1, wherein the cen-
trifugal force under centrifugation is in the range of
from 4000 g to 10000 g.

3. The method according to any of claims 1 or 2, where-
in the source of microalgae is a suspension of micro-
algae.

4. The method according to any of the claims 1 to 3,
wherein the method further comprises recirculation
of the retentate from step a) to the source of micro-
algae and repeating step a) at least two times before
concentration in step b).

5. The method according to any of the claims 1 to 4,
wherein the method further comprises a step of pas-
teurization of the retentate obtained in step a) before
concentration in step b).

6. The method according to claim 5, wherein the pas-
teurization is at a temperature of 60-120°C for 5-30
seconds.

7. The method according to any of the claims 1 to 7,
wherein the pore size of the silicon carbide mem-
brane is in the range of 0.05 to 0.5mm.

8. The method according to any of the claims 1 to 7,
wherein the pressure during membrane filtration is
in the range of 1 to 3 bar.

9. The method according to any of the claims 1 to 8,
wherein the membrane filtration is dead-end mem-
brane filtration or cross-flow membrane filtration.

10. The method according to any of claims 1 to 9, where-
in a centrifuge used for centrifugation is a bowl cen-
trifuge.

11. A microalgae biomass obtainable by the method ac-
cording to any of claims 1 to 10.

12. Use of the microalgae biomass obtainable by the
method according to any of the claims 1 to 10 in a
feed.

13. Use of the microalgae biomass according to claim
12, wherein the feed is a feed for pigs, cows, poultry
or fish.

14. Use of the microalgae biomass obtainable by the
method according to any of the claims 1 to 10 in a
food product.

15. Use of the microalgae biomass obtainable by the
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method according to claim 14, wherein the food prod-
uct is selected from the group of dough, bread, buns,
cake, pasta, cookies and energy bars.
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