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57 ABSTRACT 

A proceSS for cultivating HaematococcuS for the large Scale 
production of astaxanthin-enriched HaematococcuS cells 
comprises: (a) cultivating said Haematococcus cells under 
conditions Suitable for optimal vegetative growth of Said 
cells, wherein Said conditions comprise growing the cells 
under a light intensity in the range of about 30-140 umol 
photons.m'.S.' and at a temperature of between about 
15–28 C.; and (b) collecting the cells grown according to 
(a) and cultivating them further under conditions Suitable for 
optimal induction and accumulation of astaxanthin in Said 
cells, wherein Said conditions comprise inoculating Said 
cells of (a) into a growth Solution containing essentially a 
carbon Source and growing Said cells at a temperature of 
below 35° C. 

17 Claims, 2 Drawing Sheets 
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PROCEDURE FOR LARGE-SCALE 
PRODUCTION OFASTAXANTHN FROM 

HAEMATOCOCCUS 

FIELD OF THE INVENTION 

The present invention concerns a proceSS for cultivating 
Haematococ cells for the large-scale production of astaxan 
thin. The present invention also relates to a process for the 
large-scale production of astaxanthin-enriched Haematococ 
cuS cells. 

BACKGROUND OF THE INVENTION AND 
PRIOR ART 

HaematococcuS is a group of green microalgae which are 
able to accumulate a large amount of a keto-carotenoid, 
astaxanthin, under certain environmental conditions 
(Boussiba et all 1992). Astaxanthin is the major pigment 
imparting the red-pinkish color of Salmon, trout and shrimp, 
whose prices are largely determined by their color. 
Currently, the major commercially available Source of astax 
anthin is in the form of a Synthetic product, which is 
expensive (>USS 3,000 per kilogram) and may contain 
astaxanthin compounds having an unnatural configuration. 
There is now a trend toward using natural Sources of feed 
nutrients for the purpose of preparing feed for the above 
types of fish, and thus a less expensive and natural Source of 
astaxanthin has been Sought. This group of green microalgae 
appears to be the most promising Source for this purpose. 
Although astaXanthin can be Synthesized by other algae, 
bacteria and a few fungi (Schroeder & Johnson 1993; 
Yokoyama & Miki 1995), the amounts accumulated by 
Haematococcus (Boussiba & Vonshak 1991), however, Sur 
pass those obtained in the above noted Sources. According to 
the present development of aquaculture, it is expected that 
by the year 2000, more than 100 tons of astaxanthin will be 
required (Johnson & An, 1991; Borowitzka, 1992). This 
potential demand could open a large market for microbially 
produced astaxanthin. Several reasearch groups have 
attempted to establish large production Systems for Haema 
toCOCCuS. 

However, no one has Succeeded So far, due to the diffi 
culties in enhancing astaxathin accumulation rate, prevent 
ing contamination by other microorganisms, and failure in 
Special photobioreator design. An example of previous 
methods for producing astaxanthin and other pigments from 
HaematococcuS is that described in the international patent 
application No. WO 89/06910. 

H. pluvialis has a unique life cycle comprising two stages: 
a green, motile, vegetative Stage in which the cells continu 
ously divide and Synthesize chlorophyll and a red, non 
motile resting stage (cyst) in which cell division stops, 
chlorophyll content remains constant and astaXanthin con 
tent and cellular dry weight continuously increase. These 
two stages are illustrated in FIG. 1, which depicts graphi 
cally the relationship between four parameters of the growth 
of H. pluvialis, namely, chlorophyll, astaxanthin, dry weight 
and cell number. The optimal environmental and nutritional 
conditions required for these two stages are quite different. 
For vegetative growth, full nutrient medium, moderate light 
intensity and adequate temperature and pH are essential. For 
the resting Stage, however, no nutrient (except carbon) is 
required and higher light intensity (e.g., Sunlight) is neces 
Sary for faster astaxanthin accumulation. Due to Such 
discrepancies, the two stages must be separated into different 
cultivating Systems with different medium accordingly. The 
growth Strategies for each Stage are also different. In the 
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2 
green Stage, the optimal conditions for cell division are 
maintained to achieve the ma um cell number. In the red 
Stage, the optimal inductive conditions must be provided for 
astaxathin accumulation. Heretofore, no Such proceSS has 
been developed for the effective large Scale, two-stage or 
two-phase growth of HaematococcuS cells, which answers 
the demands of each of the above growth Stages of Haema 
tococcuS cells. The known processes Suffer from a number 
of drawbacks, including the need for expensive growth 
media, apparatuses, use of Sterile equipment and media 
and/or the use of expensive antibiotics or other anti 
microbial agents to prevent contamination of the desired 
HaematococcuS cultures by other microorganisms. Such as 
other microalgae, fungi, yeasts and bacteria. Thus, Such 
processes are expensive and time-consuming to perform, 
and they also do not always provide a high yield of Hae 
matococcuS cells and/or of astaxathin in the cultivated cells. 

It is therefore one aim of the invention to provide a new 
two-phase cultivating procedure which allows for the pro 
duction of vegetative green HaematococcuS cells under 
controlled conditions of temperature, light intensity and 
nutrients and for the induction and production of red Hae 
matococcuS cells rich in astaXnthin under leSS Stringently 
controlled conditions, of temperature and light, but under 
conditions of nutrient StreSS which accelerates the induction 
and accumulation of astaxanthin in the cells. 

Likewise, it is another aim of the present invention to 
provide a process for the large-scale production of 
astaxanthin-enriched HaematococcuS cells by utilization of 
the above-mentioned two-phase cultivating procedure. 

Other aims of the present invention will be readily appar 
ent from the following disclosure of the invention. 

SUMMARY OF THE INVENTION 

A new two-phase cultivating process for the large growth 
of HaematococcuS cells for the purposes of large-scale 
astaxantin production has been developed. Likewise, in 
accordance with the present invention, a new proceSS for the 
large-scale production of astaxanthin-enriched Haematococ 
cuS cells has been developed which utilizes the aforesaid 
two-phase cultivating proceSS for cultivating Haematococ 
cuS cells. 

In the two-phase cultivation process of the present 
invention, the first phase provides for the maintenance of 
optimal vegetative growth of the cells under controlled 
environmental conditions. This first Stage or phase is char 
acterized by the cells having continuous cell division, and 
astaxanthin/chlorophyll ratio between about 0.1 to 0.4 and 
an increase in chlorophyll content during the cultivation 
process, this being indicative of optimal HaematococcuS cell 
growth. The results obtained in accordance with the present 
invention indicate that the production rate of cells grown 
under the conditions of this first phase was about 0.5 to 0.7 
gr cells/l culture/day. 

In the Second phase of this procedure, astaxanthin induc 
tion and accumulation within the cells was achieved by 
collecting the cells from the above green cell culture and 
Subjecting them to StreSS by nutrient deprivation by 
re-Suspending the cells in tap water enriched with CO2, 
followed by cultivation of the cells under exposure to full 
Sunlight. It was found in accordance with the present inven 
tion that under these conditions of StreSS, encystment is rapid 
and that the cultivational duration usually lasts no longer 
than five to six days for the obtention of axtaxathin-enriched 
red cells. Further, in this Second phase, the rate of biomass 
production was found to range between about 0.3 to 0.4 gr 
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cells/l culture/day, and the amount of astaXanthin within the 
cells being about 3 to 5%, as determined from the dry 
biomass of cells collected and dried following the Second 
phase of culture. It should be noted that heretofore no 
cultivation process has Succeeded in providing Haemato 
coccuS cells in which the enrichedment of axtaXanthin is at 
Such high levels, the previously known procedures having 
provided cells with up to about 2% astaxanthin. 

Accordingly, the present invention provides: 
A proceSS for cultivating HaematococcuS cells for the 

large Scale production of axtaZanthin-enriched Haematococ 
cuS cells comprising: 

(a) cultivating said Haematococcus cells under conditions 
Suitable for optimal vegetative growth of Said cells, 
wherein Said conditions comprise growing the cells 
under a light intensity in the range of about 30-140 
Amol photons.m’s' and at a emperature of between 
about 15–28 C.; and 

(b) collecting the cells grown according to (a) and culti 
Vating them further under conditions Suitable for opti 
mal induction and accumulation of astaxanthin in Said 
cells, wherein Said conditions comprise inoculating 
Said cells of (a) into a growth Solution containing 
essentally a carbon Source and growing Said cells at a 
temperature of below 35° C. 

One embodiment of the above process of the invention is 
the use of Suitable photobioreactors for each Stage of the 
cultivation process, Such as for example, a vertical panel or 
a tubular photobioreactor. 

Another embodiment of the above process of the inven 
tion is the cultivation of the cells in Step (a) under conditions 
of light intensity in the range of about 70-90 umol 
photons.m’s and at a temperature of between about 
22-25 C. 

Yet another embodiment of the above process of the 
invention is the cultivation of the cells in step (b) under 
conditions wherein the temperature is maintianed at below 
32° C. 

The present invention also provides a proceSS for the 
large-scale production of astaxanthin-enriched Haematococ 
cuS cells comprising cultivating the HaematococcuS cells 
according to steps (a) and (b) of the above process of the 
invention, and further comprising: 

(c) harvesting the cells cultivated in (b) by collecting said 
cells, concentrating the collected cells, drying the con 
centrated cells and freezing the dried cells, and 

(d) processing the frozen dried cells of (c) by grinding 
them under cryogenic conditions in the presence of a 
Suitable antioxidant to obtain an astaxanthin-enriched 
product. 

Other aspects and embodiments of the present invention 
will be readily apparent from the following detailed descrip 
tion of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts graphically the previously determined 
relationship between four parameters of growth of Haema 
tococcus pluvialis: chlorophyll (open diamonds) astaxanthin 
(Solid diamonds), dry weight of cells (Solid circles), and cell 
number (open circles). These four parameters are depicted 
for the first, vegetative or “green' Stage of cell growth and 
for the Second “red Stage of growth in which astaxanthin 
accumulates. These four parameters are shown in the form 
of their relative amounts as a function of the duration of cell 
growth (time in days). In the Figure, “C-A” indicates the 
content of chlorophyll (open diamonds) or astaxanthin (Solid 
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diamonds), in mg-Li', “T” indicates the time (days), Dw is 
the dry weight (solid circles), “CN” is the cell number 
(X10 ml) (open circles), “I” indicates the first stage, and 
“I” the second stage, of cell growth. 

FIG. 2 is a schematic flow-chart of the processes of the 
invention wherein HaematococcuS cells are prepared for 
large-scale cultivation by first growing them on agar plates 
or Slants (1), followed by growth in Successively large liquid 
cultures (2), (3) and inoculation of cultures from (3) into a 
photobioreactor of the vertical panel type (4) to facilitate 
large-scale vegetative or “green” cell growth under con 
trolled conditions. The astaxanthin induction and accumu 
lation is by inoculating cells from the photobioreactor (4) 
into another photobioreactor of the tubular photobioreactor 
type (5) under conditions of stress (nutrient depletion and 
higher light intensity) favorable for astaxanthin induction. 
The processing of the astaxanthin-enriched cells is provided 
by collection of cells from the photobioreactor of (5) and 
Subjecting them to Sedimentation in a funneel (6) followed 
by centrifugation (7) of the sedimented cells to provide a 
concentrated cell pellet which is ground under cryogenic 
conditions in an impact mill (8) to yield an astaxanthin 
enriched product. The astaxanthin-enriched product from (8) 
can then be introduced as an ingredient for fish food (9) for 
various kinds of commercially important fish, for example, 
Salmon, trout, shrimps, etc. (10). The above processes are 
described hereinbelow in detail in the exemplified embodi 
ment of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention concerns processes for the cultiva 
tion of Haematococcus cells for large-scale production of 
astaXanthin-enriched HaematococcuS cells, and for the 
large-scale production of astaXanthin-enriched cells employ 
ing Such a cultivation process. 

For the purposes of the processes of the invention, any of 
a number of Strains of HaematococcuS may be employed, for 
example, Strains Such as those shown in Table I below. 

TABLE I 

Haematococcus Strains & Species 

Strains & Species Source 

H. pluvialis flotow 
H. pluvialis flotow 
H. lacustris UTEX 16 
H. pluvialis flotow ETTL 1958/3 
H. pluvialis Flo-TAKAOOVA 1983/1 
H. Droeabicensis CCAP 43/2G 
H. pluvialis Flo. 1844 em. Willie K-0084 

CCAG, Gottingen 
NIES Tsukuba, Japan 
CCAT, USA 
Ceska republika 
Same as above 
CCAP, UK 
SCCAP, Denmark 

The above strains are well documented in the art. The 
preferred Strain in accordance with the invention is the Strain 
exemplified herein below, H. pluvialis Flo. (K-0084), which 
has amongst its characterics a very low tendency to clump, 
making it particularly useful for large-scale cultures. 

It is to be understood that any other strain of Haemato 
coccuS which may be effectively Subjected to the processes 
according to the invention would also be employable in 
accordance with the invention. 

Many culture conditions and culture media are known for 
Small-scale Stock cultures and large-scale cultures of Hae 
matococcuS cells. However, for the purposes of the present 
invention, it has been found that the optimal culture condi 
tions and media are actually the relatively simple culture 
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conditions and media described herein below, these there 
fore being the preferred ones in accordance with the inven 
tion. 

While many apparatuses, Systems and conditions have 
been described for the growth of HaematococcuS cells, none 
of these were able to address Simply, efficiently and inex 
pensively the optimization of the two phases of Haematoc 
ccus cell growth. Accordingly, the preferred System, appa 
ratus and conditions of the present invention are those 
exemplified herein below. 

For the obtention of astaxanthin-enriched product from 
the induced "red HaematococcuS cells, many procedures 
have been described, for example, the procedures in WO 
89/06910. While these procedures may be employed in 
accordance with the present invention, the preferred proce 
dure is that of Sedimentation in a funnel, of the collected red 
cells by virtue of their tendency to sediment, followed by 
centrifugation or filtration under vacuum to further concen 
trate the cells and drying of the concentrated cells. The dried 
cell mass is then preferably Stored at very low temperatures 
(e.g., -80 C. or even lower) under oxygen-free conditions, 
e.g., by vacuum packing, or preferably, by introduction into 
plastic bags or the like together with nitrogen (N) to remove 
the oxygen. 

The final Stage of producing an astaxanthin-enriched 
product in the form of Small particles easily digested by fish 
may also be carried out in a number of ways as previously 
described in the art (for example, WO 89/06910). The 
preferred procedure is the one exemplified hereinbelow, 
which involves the use of a standard impact mill in which 
the dried cell mass is ground under cryogenic conditions in 
the presence of any Suitable anti-oxidant to prevent oxida 
tion of the astaxanthin-enriched product. This yields a 
powder-like product of Small particle Size particularly useful 
as an additive to fish meal, these Small astaxanthin-rich 
particles being easily digested. 

The present invention will now be described in the 
following non-limiting example and the accompanying 
drawing. 
The Cultivation Procedure for Cultivating Haematococcus 
Srains: 

The procedure for cultivating the astaxanthin producing 
Strins of HaematococcuS in accordance with the present 
invention consists of two phases, Phase I and Phase II: 

A. Phase I: Cultivation of Haematococcus Strains Under 
Controlled Environmental Conditions for Optimal Growth 
of HaematococcuS Strains in Their So-called "green Stage” 
of Growth. 
A preferred HaematococcuS Strain, HaematococcuS plu 

vialis Flo. (Strain No. K-0084) was obtained from the 
Scandinavia Culture Center for Algae and Protozoa, Uni 
versity of Copenhagen, Denmark, and was grown in a 
growth medium that was a Modified BG-11 medium con 
taining: 

(i) 0.32 g/l KHPO3HO; 
(ii) 0.2 g/l MgSO4.7H2O, and 
(iii) 0.1 g/l NaCO, 

in addition to the other mineral constituents contained in the 
Standard BG-11 growth medium (see, for example, Boussiba 
et al., 1992; Boussiba and Vonshak, 1991). The above 
addition of phosphate, magnesium and carbonate has been 
presently shown to provide optimal conditions for the green 
stage growth of the cells. The non-modified BG-11 medium 
could not Support long-term cultures or dense cultures due to 
its having less of these additives, Such cultures in non 
modified BG-11 often entering the red Stage of growth (See 
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also FIG. 1) earlier than desired, i.e., before the optimal 
amount of "green” cells has been obtaineid. 

Basal medium was usually mixed with the Modified 
BG-11 medium for optimal growth of the Haematococcus 
Strain in the initial Stage only of groing the cells on ager 
plates or slants. The Basal Medium used was the Standard 
Basal Medium, as described by Kobayashi et al. (1991). 
The Phase I growth procedure has the following steps: 
(a) Cultivation of Haematococcus on Solid agar Slants or 

plates: An axenic Strain (the above H. pluvialis Strain) was 
grown and maintained in Solid agar Slants or plates contain 
ing a mixture of Modified BG-11 medium and Basal 
Medium (1:1 V/v) under conditions of light intensity ranging 
between 30 to 40 umol photons.ml?.S" at 20° C. (see step 
(1), FIG. 2). 

(b) Cultivation of liquid stock cultures of Haematococcus: 
Haematococcus cells from agar plates or Slants of (a) above 
were inoculated into 100 ml of liquid medium (being the 
Modified BG-11 medium as in (a)) in 250 ml culture flasks 
and Subsequently in larger flasks (or even glass columns) of 
between 500 ml-2.51 in volume (see steps (2) and (3), FIG. 
2). The flasks were incubated in a standard gyratory incu 
bator having a controllable light Source under conditions of 
light intensity ranging between 50 to 70 umol 
photons.mfis' at 23° C. (or when glass columns were 
used, agitation was by way of aeration with an air mixture 
containing 1.5% CO V/v). The cultures of Haematococcus 
obtained in these liquid Stock cultures are cultures of the 
So-called "green culture” type, the HaematococcuS cells 
being in the above-noted "green Stage' of growth. 

(c). Production of large-scale cultures of Haemctococcus 
in a photobioreactor: The green cultures from the liquid 
stock cultures (or inoccula) of (b) above were inoculated 
into a photobioreactor, in which the algae are agitated with 
a mixture of 1.5% CO in air. This agitation also served to 
prevent clumping of the cells. It should be noted that the 
preferred strain H. pluvialis Flot. in fact has an extremely 
low tendency to clump, another advantage of this Strain. The 
preferred photobioreactor used for these large-scale cultures 
was one of the vertical panel types of photobioreactors (see 
Tredici et al., 1991) having a very large Surface area with 
respect to its Volume for optimal large-scale production of 
Haematococcus cells in the “green stage' of growth (see 
step (4), FIG. 2). In this photobiareactor, the initial Haema 
tococcuS cell concentration was adjusted to between about 
0.1 to 0.3x10 cells/ml, by dilution with fresh modified 
BG-11 medium. The light intensity was kept in the range of 
between 70–90 umol photons.m'S' as provided by stan 
dard white cool fluorescent lamps having a 40 watt rating. 
The temperature in the photobioreactor was maintained in 
the range between 22–25 C. Under these culture conditions, 
it was possible to obtain a rate of HaematococcuS cell 
production in the range between 0.5-0.7 g cells/l culture/ 
day. 
The procedure of the invention described above for the 

large-scale production of HaematococcuS cells in their 
"green Stage' of growth was found to be particularly advan 
tageous for obtaining large amounts of cells, while at the 
Same time preventing contamination of the large-scale cul 
ture by other microorganisms, for example, other algae, 
fungi, bacteria and the like; and this without the need for 
addition to the culture mediun of antibiotics or other anti 
microbial agents to prevent Such contamination. This advan 
tage was achieved by the use of a relatively high initial 
HaemactococcuS cell concentration which permitted the 
Haematococcus (H. pluvialis) cells to predominate imme 
diately after their inoculation into the photobioreactor, 
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thereby preventing any possible continminating microorgan 
isms to grow in the photobioreactor. This procedure is thus 
particularly eficient for growing large-scale cultures of 
Haematococcus, while effectively preventing continmination 
by other microorganisms without the need for expensive and 
time-consuming StepS. Such as careful Sterilization of all 
apparatus and media, and use of antibiotics or any other 
anti-microbial agents. 

B. Phase II: Cultivation of Haematococcus Strains Under 
Conditions for the Induction and Accumulation of AStaxan 
thin in the Haematococcus Cells-the So-called “red stage” 
of Haematocccus Cultivation. 
As mentioned with respect to the Phase I cultivation 

procedure (Aabove), the Haematococcus Strain of choice for 
this Phase II cultivation procedure was Haematococcus 
pluvialis Flo. (strain No. K-0084). The Phase II cultivation 
procedure was as follows: 

a) The cultivation device used was a Standard tubular 
photobioreactor (see step (5), FIG. 2, and see Richmond et 
al., 1993), which have volumes ranging from 100-1,000 
liters, depending on the Scale of production that is desired, 
and which contain as integral components commercially 
available PVC, acrylic (plexiglass) or polycarbonate tubes 
having a diameter of about 3.2 cm. In operation, the culture 
(Haematococcus cells in tap water, to which is added CO 
See below) is circulated through the device using an air lift 
pump. It should be noted that for large-scale cultures or even 
Small Scale cultures, it is possible to use a Standard dia 
phragm pump instead of the air lift pump. 

b) For the cultivation of the Haematococcus cells in their 
"red Stage' of growth, the green cells obtained from the 
Phase I cultivation procedure (A above) were used as 
inoccula for the above tubular photobioreactor. Optimally, 
the tubular photobioreactor was placed outdoors, this being 
in consideration of its size, as well as the fact that in the “red 
Stage' of growth, the HaematococcuS cells do not require the 
controlled light intensity which they require in their “green 
Stage' of growth, hence Sunlight isfavorable, and thereby 
this cultivation procedure also provides for a very economi 
cal way in which to produce the HaematococcuS cells, and 
more particularly, to provide the StreSS conditions for the 
acceleration of astaxanthin induction and accumulation in 
these cells. 

The green cells were inoculated in the form of a Suspen 
Sion of green cells in tap water, usually the green cells 
obtained from Phase I cultivation being re-Suspended in tap 
water in an approximately 1:3 dilution. To the Suspension of 
the green cells in the tubular photobioreactor, CO was 
added (by injection into the tubes of the device). The 
temperature in the tubular photobioreactor was maintained 
at temperatures below 32 C. 

It should be noted, however, that in a number of experi 
ments it was found that the cells from the green-stage of 
growth could be collected, concentrated by natural Sedimen 
tation due to their tendency to Sediment, and Stored in a cold 
room (about 5° C) for up to about 2-3 weeks, before their 
inoculation into the photobioreactor of the Second Stage 
(red-stage) of growth. Cells collected and stored in this way 
have thus also been depleted of their initial nutrient media, 
which Serves also to induce StreSS in the cells and hence, 
astaxanthin production In fact, cells Stored in this way and 
then introduced into the red-stage growth conditions showed 
a more rapid transition to the red Stage and hence a more 
rapid induction and accumulation of astaxanthin. 

The ability to Stop the green-stage growth and collect the 
cells has another advantage, in that it also allows for a 
batch-wise production process, namely, it is not essential to 
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8 
go directly from green-stage to red-stage growth, an interval 
may be introduced as desired in consideration of production 
needs and limitations. This ability to Stop the process 
between the green and red Stages of growth has not been 
described prior to the present invention. 

It was observed that under the above Phase II growth 
conditions, the rate of production of HaemtococcuS cells 
was about 0.3-0.4 gr cells/l culture/day, and that the Hae 
matococcuS cells contained about 4% ast astaXanthin. 
Usually, the Phase II cuicivation procedure was performed 
for about five to six days before harvesting and drying of the 
cells which are rich in astaxanthin. The above amount of 
astaxanthin accumulated in the cells has not been achieved 
in any previously described large Scale process. 
AS regards the above Phase II cultivation procedure, it 

was also observed that for outdoor cultures, especially those 
grown in the Summer months when ambient temperatures 
can reach, in Some places, as high as 40–45 C., temperature 
control is crucial. AS noted above, for optimal cultivation of 
the HaematococcuS cells, it is necessary to maintain the 
temperature in the tubular photobioreactor below 32 C., this 
having been achieved by use of a water Spray, whereby cold 
water was sprayed directly onto the tubular photobioreactor 
to maintain its temperature below 32 C. 

Further, in the “red Stage' of growth, the HaematococcuS 
cells require only carbon as the major nutrient Source, this 
having been Supplied, as noted above, by injection of CO 
directly into the tubes of the tubular photobioreactor. This 
injection of CO may be performed during the day and 
during the night. However, the CO2 is essential only during 
the day, and thus a further Saving of CO may be achieved 
by Stopping the injection during the night. 

All of the above Phase II cultivation conditions, in 
particular, the requirement of the HaematococcuS cells for 
only carbon as the major nutrient Source and its Supply in the 
form of CO2, maintenance of cultivation temperatures below 
32 C., and inoculation of relatively large amounts of cells 
at the outset (the green cells from the Phase I cultivation are 
in a high cell concentration and are only diluted about 1:3 
before inoculation into the device for Phase II cultivation), 
all Serve also to eliminate almost completely the possibility 
of contamination by other microorganisms. Such as, for 
example, other microalgae, of the Phase II cultures. 

Thus, the above Phase II cultivation procedure of the 
invention provides a number of advantages over the previ 
ously described procedures: 

(i) It is highly efficient for Haematococcus cell biomass 
increase, as well as for the induction and accumulation 
of astaXanthin in these cells: routinely, there was 
obtained about 0.3-0.4 gr cells/l culture/day of Hae 
matococcuS cells which contained about 4% ast a Xthin 
per cell for Such cultures which were usually grown for 
about five days. 

(ii) It is very economical, as the basic device, the tubular 
photobioreactor, is relatively inexpensive, may be 
placed outdoors and does not require expensive main 
tenance or highly skilled perSonnel to operate. Further, 
the culture conditions are extremely inexpensive, the 
cells being grown in tap water (no distilled or sterilized 
water or growth media required), with the addition of 
essentially CO2 as the major nutrient Source. 

(iii) It overcomes, without the need for any antibiotics or 
other anti-microbial agents, the major problem faced by 
this technology to date, that being the problem of 
contmination of the cultures by other microorganisms, 
Such as, for example, other microalgae. The relatively 
Simple culture conditions, in the Phase II procedure 
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according to the invention, of high cell numbers inocu 
lated initially, a minimal growth medium (tap water) 
having only a carbon Source (CO2), and temperature 
control (below 32 C.), and outdoor cultivation in a 
closed apparatus (the tubular photobioreactor), all serve 
to prevent the possibility of containation by other 
microorganisms. 

AS regards the various conditions of light intensity and 
temperature control, it should be noted that in a number of 
experiments directed at optimizing both of these parameters 
in the green and red Stages of growth, it was observed that: 

a) light intensity in the green phase could be anywhere in 
the range from 60-110 umol photons.m’s' and tem 
perature could also be in the range between 18-28 C. 
The best results were obtained with the above noted 
naowed ranges of light intensity and temperature. 

b) The upper limit for the temperature in the red Stage/ 
phase could in fact reach 35 C., while the lower limit 
in this stage could be as low as 2 C. The best results 
were obtained when the upper limit is maintained 
below 32 C. and the lower limit at 15° C. 

Further, in both green and red Stages, it was possible to 
use any of a number of photobioreactors, for example, for 
the green Stage, the same type of reactor as used for the red 
Stage may be employed So long as the optimal culture 
conditions are maintained; and for the red Stage, a panel type 
reactor as used in the green Stage has also been used to 
provide equally good results. Further, a tubular reactor in 
which algae were circulated by means of a pump has also 
been used with Success. 

C. Harvesting of Haematococcus Cells Following the “red 
stage” Cultivation Procedure (Phase II cultivation). 

Following the Phase II cultivation of Haematococcus cells 
(Babove), each cultivation cycle being about five to six days 
optimally, the following harvesting procedure was 
performed, based on the fact that HaematococcuS cells 
(especially red cells), in particular, those of the H. pluvialis 
Strain employed in accordance with the invention, readily 
Sediment, once collected from the tubular photobioreactor. 
Thus, the red cell biomass from the tubular photobioreactor 
was collected into a standard large Volume feel (e.g., an 
Imhoff funnel, see step (6), FIG.2) and left to stand for a few 
hours (about 3-5 hours) to facilitate sedimentation of the red 
cells. It was found that approximately 30% of the total 
volume of biomass from the tubular bioreactor represented 
the red cell sediment, while the remaining about 70% of the 
total collected Volume represented the tap water used in the 
Phase II cultivation. This tap water could thus be easily 
collected and used for a new tubular bioreactor inoculation 
and Phase II cultivation procedure (ie., the originally used 
tap water is almost completely recyclable), this being 
another advantage of the method of the invention. 
The above Sedimented and concentrated HaematococcuS 

red cell culture was then collected from the funnel and 
Subjected to centrifugation or vacuum filtration to further 
concentrate the red cells. Routinely, a biomass yield of about 
40% solids (pellet of red cells) was obtained following the 
centrifugation step (see step (7), FIG. 2), or about 30% 
Solids following vacuum filtration. Here, too, the approxi 
mately 60% of the total volume subjected to centrifugation; 
or approximately 70% of the total volume subjected to 
Vacuum filtration, being the Supernatant Volume, could also 
be collected and used for another round of the Phase II 
cultivation procedure, this Supernatant being primarily the 
original tap water used in the Phase II procedure. 

The concentrated red cell pellet obtained from the above 
centrifugation Step was then dried, preferably by 
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lyophilization, although spray drying also proved to be 
effective. The resulting dried powder was homogenized, 
packed into a plastic bag pre-filled with nitrogen gas to 
remove oxygen (which causes pigment oxidation, ie. deg 
radation of the astaxanthin) and then stored at -20° C. prior 
to processing to prepare the food additive for fish coloration. 
The above harvesting procedure, in accordance with the 

invention, is particularly advantageous in that Standard 
equipment is utilizable and both the equipment and their 
maintenance are generally inexpensive and do not require 
highly skilled perSonnel for this operation. Further, about 
70% of the initial red cell culture volume obtained from the 
Phase II cultivation is recyclable for further Phase II 
cultivations, and added to this, a further 60% of the initially 
Sedimented red cell biomass, as obtained from the Subse 
quent centrifugation of the Sedimented red cells, is also 
recyclable for further Phase II cultivations. Accordingly, 
even a cheap resource Such as the tap water used in the Phase 
II cultivation, is almost fully recyclable in the process of the 
invention. 

D. Processing of the Harvested and Concentrated Hae 
matococcus Red Cells for Extraction of Astaxanthin 
The dry powder of Haematococcus cells stored at -20°C. 

(C. above) was ground under these cryogenic conditions. 
The apparatus of choice used was a standard impact mill (see 
step (8), FIG. 2). To prevent oxidation of the astaxanthin 
during the grinding procedure, a commercial antioxidant 
was used Such as, for example, ethoxyquin, butylated 
hydroxyanisole, butylated hydroxytoluene (BHT), 
tocopherols, di-tert-butyl-paracresol and propyl gallate. The 
preferred ant-oxidant was found to be BHT, which also has 
a U.S.-FDA approval making it particularly acceptable, in 
cases like the present, where the final product is intended for 
use as a food-additive for fish which, themselves, are 
ultimately intended for human consumption. Usually, 
depending on the anti-oxidant used, the amount of anti 
oxidant added in the grinding procedure will range from 
about 0.05 to 5% (w/w) of the amount of dry powder being 
ground. 

Routinely, it was found that the above processing proce 
dure only resulted in a loss of about 10% of the astaxanthin. 
The ground powder contaning the anti-oxidant for pres 

ervation of the astaxanthin from oxidation, as obtained from 
the above procedure, may then be utilized directly or in 
admixture with other ingredients, for example, edible oils 
and the like, as an additive to fish meal for the Sake of 
coloration, as mentioned herein above (see Steps (9) and (10) 
of FIG. 2). 
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We claim: 
1. A process for cultivating HaematococcuS cells for the 

large Scale production of astaxanthin-enriched Haematococ 
cuS cells comprising: 

(a) cultivating said Haematococcus cells under conditions 
Suitable for optimal vegetative growth of Said cells, 
wherein Said conditions comprise growing the cells 
under a light intensity in the range of about 30-140 
tumol photons.m°S and at a temperature of between 
about 15–28 C.; and 

(b) collecting the cells grown according to (a) and culti 
Vating them further under conditions Suitable for opti 
mal induction and accumulation of astaxanthin in Said 
cells, wherein Said conditions comprise inoculating 
Said cells of (a) into a growth Solution consisting 
essentially of tap water to which is added CO as the 
carbon Source for the cells, and growing Said cells at a 
temperature of below 35° C. 

2. A process according to claim 1, wherein Said optimal 
vegetative growth conditions of (a) are by growing said cells 
in a photobioreactor to facilitate the controlled environmen 
tal conditions of Said light intensity and temperature. 

3. A process according to claim 2, wherein Said photo 
bioreactor is a vertical photobioreactor. 

4. A process according to claim 2, wherein Said photo 
bioreactor is a tubular panel photobioreactor. 

5. A process according to claim 1, wherein the growth 
conditions of (a) further comprise growing said cells in 
Modified BG-11 medium and agitation of the cells by a flow 
of a mixture of CO in air through the culture. 

6. A proceSS according to claim 1, wherein the initial 
concentration of cells used for the cultivation in (a) is about 
0.1-0.3x10 cells/ml. 
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7. A process according to claim 1, wherein the cultivating 

Step (a) comprises the conditions of growing the cells under 
a light intensity in the range of about 70-90 timol 
photons.m°.s' and at a temperature of between about 
22-25° C. 

8. A process according to claim 1, wherein Said optimal 
conditions for the induction and accumulation of astaxanthin 
in the cells of (b) are by growing said cells in a photobiore 
actor to facilitate the effective maintenance of the tempera 
ture at below 35° C. 

9. A process according to claim 8, wherein Said photo 
bioreactor is a tubular bioreactor. 

10. A process according to claim 8, wherein Said cultiva 
tion of (b) is carried out outdoors and the light Source for the 
cells is Sunlight. 

11. A process according to claims 8, wherein Said culti 
Vation of (b) is carried out under conditions of temperature 
control at below 32 C. 

12. A process for the large-scale production of 
astaxanthin-enriched HaematococcuS cells comprising cul 
tivating HaematococcuS cells according to claim 1 and 
further comprising the Steps: 

(c) harvesting the cells cultivated in (b) by collecting said 
cells, concentrating the collected cells, drying the con 
centrated cells and freezing the dried cells, and 

(d) processing the frozen dried cells of (c) by grinding 
them under cryogenic conditions in the presence of a 
Suitable antioxidant to obtain an astaxanthin-enriched 
product. 

13. A process according to claim 12, wherein the collec 
tion and concentration of Said cells is by Sedimentation 
followed by centrifugation or filtration under vacuum, and 
wherein the drying of the Said cells is by lyophilization, or 
by spray drying. 

14. A process according to claim 12, wherein the grinding 
of Said dry cells is by way of an impact mill. 

15. A process according to claim 12, wherein the antioxi 
dant is Selected from the group consisting of ethoxyquin, 
butylated hydrox yanisole, butylated hydroxytoluene 
(BHT), tocopherols, di-tert-butyl-paracresol and propyl gal 
late. 

16. A process according to claim 1, wherein the Haema 
tococcuS cells are of the Strain HaematocOccus pluvialis. 

17. A process according claim 12, where in the 
astaXanthin-enriched cells are HaematococcuS pluvialis 
cells. 


