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gl ucose mal t ose, sucrose and raffinose whereas D-gal actose and neli bi ose
are not fermented. The nost 40 commmiusraﬁources are assiml ated;
however, D-gal actose, L-sorbose, nelibiose, |actose, glycerol and citrate
are not assim|lated. The yeast cannot grow in vitam n-free nmedi um w t hout
the addition of biotin (MW Mller et al., op.cit.). The npbst common

ni trogen sources are assi/y iumnitrate and

et hyl am ne are not assi i 50% by wei ght of a

| at gd,” i n¢l udi ng urea Pot~
gl ucose- %;east extract ag nor an 10% by vveigh : m chl ori de- yeast
extract agar. The acid fOe t?r@bﬁ@]k agar 45 by the yeast is weak and
so is the gelatin liquefaction. sei n hydrolysis, depolytic activity and
growh in the presence of 0.1 [err] of cycloheximd per mM are absent
whereas the yeast is able to synthesize starch- |ike conmpounds independent
of pH The nole-% G +C is neasured to be 48.3 [err] 0.18 (cf. Mller et

al., op. cit.). During growth.under carbohydrate- and/ @ nitrogen-limted
condi tions, when subjectgd to fed-batch 50 fernentay o« P. rhodozyna

produces trehal ose as a ite a new
observati on nade by the ) Een reported
hithertos P. rhodozynmee®NgONces a nunber of carotenoi ds, of which

astaxant hin constitutes 88-87%ASTAXANTIHINene 2-2.5% echi nenone 2-4% and
phoeni coxanthin 5-7% according to the literature. In practice, the ratio
of astaxanthin to total pignent produced by P. rhodozyma has, however, been
found to varg consi derably 55 dependi ng on the growth conditions of the
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rhodozyna gggswema@fﬂgg@ﬁ,e,(t@%o&e héednbur G Andrewes et al .
"(QB; 3' Rh- 2starminiia ek bilidateh rc&BTendd"&\dWe E&l@tﬁé {o@hd RAAEHRY GRoup. Sﬂﬁilarlf'totother
pp. 1009- 1@drdtpnoids/astak@thpl i Séniposein bighttisoprendid anitsl By ke Biosirhesis @flastlianttin WHidhNsS -
as wel | as cahisiitc espfesghdy iedpbraeny! fopauspiatedsiiotmed frorh RstyHCoA B llustrated Bodwi Ndi vi dual
P. rhodozyma cells is not visible when the cells are studied in a
m croscope, which indicate Ltgt;a_tc he pigment may be di spersed throughout
the cellss However, it i i ble that the pignent |s concentrated in

certain parts of the \3 Asta)! thq'fls an o’@ carotenoi d
and therefore bel®on he %arbaaphy| SiMeidoar | y ot her
car ot enoi ds, W %ﬁofasg gmd sm §. By the
bi osynt hesi s of astaxant hin l\/\hl chis cat olifé repress ent enyl
pyr ophosBhate is formed fr%ﬁ1 acetyl - Co®%s i 19998t r at elf® 'b‘d‘mﬁ“’Ferr] 55 By
three prenyltransferase readtdfons, isoperfehyl pyrophosphate forns geranyl
geranyl pyrBEREELtRRR v jarganemT AusRPhOdSHHNG-Conl IRTMBBIANIC AFR phat e
as illustrated below. 5 EP 0367765 Bl [err] STERA DS veva

45 kinase
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/ Nex decarbm!ylase / Nep, o iase N\
50 l "4 g
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By three prenyliransferase reactions, isopentenyl pyrophosphate forms geranyl geranyl pyrophosphats via
geranyl pyrophosphate and farnesyl pyrophosphate as illusirated below.
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Cbndensatlon of two-nol ecul ar geranyl geranyl pyrophosphate forns phytoene
whi ch, 'via dehydrogenati on 25 stersp aosr rés®n f orm ng, forns astaxanthin
fron1[err]-carotene. The | ast part of the biosynthesis has not been

unanbi guously determ ned, but Andrewes et al. (op.cit.) have proposed the
met abol i sm route shown bel ow on the basis of the pignment conposition in P.
rhodozyma. 30 35 48 45Rﬁ0 55 OI;E QIPE%YJAQ%YP} 10 I 25

[err] 40 3- HYDROX P p

ASTAXANTHI N TISOPENTENYE- syst em whi ch cdﬂ“@ﬁ?i*@eFanyl geranyl pyrophosphate
t o ast akant hi PYROBHOEPHAKBIOWN, an{j-ide i s 55 therefore not known why P.
rhodozyma produces (3R, 3'R)-ast fxant hin and whether there are sone

regul ating steps during this t of, the biosynthesis. On the other hand,

t he conversion of acetyl-CoA } R®| pyrophosphate in ot her
i soprengi d- produci ng organi sms’ ghan PgeRANYCRPYROPROSPHATENE enzynes whi ch take
part have been described in rel §fippely great detail. Less is known about

t he enzynes which 7 EP 0 367765 Bl convert isopentenyl pyrophosphate to

geranyl geranyl pyrophosphate 'sopentenyl pyrophosphate i sonerase and
prenyltransferase (J.W Porte "NLAS o c@ed g*ﬂaéghgesis of

i soprensi d com pounds". New Yo k 1 1- 9 e prot ent of P.
rhodozyma varies from25 to 50%jo pendi ng on the 5
culturing conditions. This is afr I at ?8%”$Y¥P%P§§%qﬂ§cont ent. In contrast
to this, the lipid content is e traordlnarlly high (14-27%. It is

conlenplated that the nucleic Rci % sidgh! arly to other yeasts
and tha®? the ami no acid conp iy g{ Y ﬁﬁgﬁﬁ |t|on i n other
known yeasts such as Saccharonyces ce Wity T ry | ow
content of certaln anlno aC|ds e. g met hi oni n and cysteln (cf. Gerald Reed
and anry e g %ﬁ 329 %hed E

d nsa tWo 0 ¥ eran eran of hIC via dehydro enatn
10 purj & e figi mﬂé&? e S .ch
conprlses me
ani mal LRk % only nutrlent source suc
as |nd|cateciIe e hus mnﬁ% ut addltlon of certaln am no aci ds and ot her

nut ri ent conponents the yeast will not be a suitable major nutrition
conponegt for fish or other animals. The total anmount of astaxanthin which
is produced by the wild type P. rhodozyma when this is grown 15 under the
normal known conditions is sufficient to confer a red colour to the yeast
cell but is not sufficient to make recovery of the astaxanthin fromthe
yeast cells econonmically feasible. None of the Phaffia rhodozyma species
descrilbsd in the literature have an inherent astaxanthin- producing
capability of nore than 600 [err] per g of yeast dry matter when anal yzed
in accordance with the above standard met hods, vide Table 2 and Table 6 of
t he exanpl es. However, according to the present

40
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20 invention, it has been found possible to obtain yeast cells which are
i nherently capabl e of produci ng asepomgzirepB1n an anount of at |east 600
[err] per g of yeast dry matter, preferably at |least 700 [err] per g of
yeast dry matter, nore preferably at |east 1000 [err] per g of yeast dry
matter, especially at |east 1500 [err] per of yeast dry matter, and nost
preferably at |east 2000 [err]ﬁggwbgkmmpapdgﬁ dry matter, the growth and

t he determ nation being perfor pyrrdeiee st andar d net hods stated above.
These yeast cells have been 25 produted fromnaturally occurring Phaffia

rhodozyfa by nutagenization. Thys,, t presdqt invention discloses a nethod
for producing a yeast cell sho{y ¥nher ent ast axant hi n- produci ng
capability expl ai ned above, the vesonpri sing treating a yeast cel

with a nutagen and sel ecting a resul t{ ng mut ant whi ch, when grown under the
conditigns stated above, is ca ng astaxanthin in an amount
of at least 600 [err] per g of er, determ ned by the nethod
stated above. 30 The mut agenF#8#6n may be ‘perfornmed as a single

mut ageni zation, but it has been found}advantageous to performtwo or nore

consecutive nutageni zations, as jt,has beenyfound that the inherent
capabi | ey of produci ng astaxa \obroved by each nutageni zation
step. The starting yeast cell subjeseeadetO nutageni zation is normally a

yeast cell which, when grown under th¢ conditions stated above, produces
astaxanthin in an anmount of |es 00 r] per g of yeast dry matter,
determ ned by the nethod state it is evident that a nornal
candi daf® for the nutagenization tf%ﬁ?ﬁ%ﬁt will be a naturally occurring
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have a nmutagen effect, but also treatnent which have a nutagen effect such
as U irradiation). Exanples of suitable mutagens are ethyl nethane

si.phonagg e, WV irradiation, % rreg hyl - N -ni tro- i trosoguani di ne,
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m neral cowpeErAns ANDMETRODStry as well as cal ci um sources for the egg
shells, the cal cium sources preferably being cal cium carbonate and cal ci um
hydr ogen pharsterisatecor cvtgeml | anount of sodi um chl oride nay al so be present.
The fee# may be administered in a conventional dosage. 45 The invention
i s furt herCuitirbs o Phaffie chodezyma ereimzintaingfl indwdEwayspl es: MATERI ALS AND METHODS
Mai nt enance of cultures 50 Cultures of Phaffia rhodozynma are naintained in
tvvo ways: 1)')@1393 glants(YMragas). Thenglagts fre)inculigigs! f%’l°&ﬁ¥”3°"é? *Crredi paintaiged 3 A %f?é‘

ek at [e °“the{PRﬂ"t'H9é?dr1'[' Sy ?f°’ é‘f"f lants; afPrm ° h, recul t vate i
YM br ot #, b ?S‘F{'a aga" (YW C.
From cryovi I250a ? a ? ; fsrfgcug“}’ [ ' '
broth in 25 lycgrol Jo oncen agl;go dI%ﬁ ?r??:lrt%% ore e fr ﬂ:‘rgﬁ& eFS“F' ker
(150 rpm atg% ‘f ﬂgJ it sarea (0 Se tIe and
the liquid is decanted The sedl ment |s mxed W th glycerol to a
concentration of 20% dispensed in cryoWials and stored in a deep freezer
at [err]. 13



EP 0 367 765 Bl Determination of yeast dry matter content 5 ml of a yeast
cell culture are centrifuged in Emesgness BUt Sarstedt tube (which has been
dried to constant weight at [err]) at 10,000 x g for 5 m nutes and washed
twice in dem neralized water. The liquid 5 1is renoved by decantation and
the wei gI‘?P’effPi"f‘Y?éafﬂﬁé’Wﬂﬁ“F'rfé’"@éT s is measured after dryr ng to constant

wei ght at [err whi ch gives the vver ht of the yeast ceI | s ) The yeast
dry rratter 5c’(")’ teaf: "“"ef
1,000 20 SHREM rzt; gw ¥ an%ﬁ Xg fg% ur?gegwﬁ,\:ﬁ -8?%st qr%? il % consf?%
S ectrd &t e
tgt o PWB ﬁt % Iﬁl of 1§ act ?g]) T ye: dﬂr raa o nt(YDMC) is

spectrophotorretrl caIIy by rreans of [err] and Beer's |aw as descri bed by

B. H. DavivBfic g2 Rseneign . in T.W Goodwin (ed.), Chemstry and

Bi ochegi stry o pl ant pi grrents New York, 1976, Vol. 2, -p. 149. . The

spect rophaé &mh@iatéarmh@m%ehﬁvaaem&awahénw sible recording

spectrophot oneter UV 260. Pignment content is cal culated by using fornmnul as
1, 1 a, Zpectwphmbmatricanshdiyar feriblalpigmenn detemiination ent s of Table 1 bel ow. 20
TABLE 1 25 Extinction coefficients of the astaxanthin standard in

di ff errent sthe-total @igtnentgpmignd incometsansiteatfasis fidterminad spettzpbiaonabirisaly Uy in@ansadd Bv.e
Absor pt i @nd Beer's law as[degaribed3by B.H. DBribsy £fderotenoids”, in T.W. Goodwin (ed.), Chemistry and
maxi mum Biochemistry of plant pigments.cew ¥atle 1976, Vol. 2, p. 149. The spectrophotometer employed 5a
2105 Met [SHiA@fzu UV visible recording spectrophotometer UV 260. Pigmenp content is calculated by ugingformgles, anol
436 1, 1a, 2, 2a below angep extinction cogfficipntsof Tablack belowaci d 482
1856 48 [err] = absorbance of 1%(W/v) solution in a 1 cmcuvette. 45

Pi gnment extraction and analysis - ,@%g About 30 ml of the yeast culture
were transferred to Sarsteds tubes an &n rifuged for 5 mnutes at 10, 000
X g. The yeast cells were washed in dem neralized water and suspended in
about fl gﬁtoFl bg'f? rﬁzsgéf’ﬁ:ﬁe b@taxgﬁéhlinostgnhgr& YiReqfaRdeBeabe!

(Bi ospec Pro Get s he rotor was 50 covered with gl ass
balls with wn&smexednfasoswptﬁmtoabsm szsngaréf sefurden Ahere) .t he et hanol
suspensi on was added so as to occupy the remaining free ball mll vol une.

Di sintegration treatnent was carrled out runni ng he mll 5 times for 1
m\Qut espat i ntervals of 30 seconds, bei ng % in the cooling
jacket so a®¥8%nsure that the ten‘Be’fié't“ﬂre of the df8integration treatnent

was kept beJow TerT]. Tmmedl ately aftefzgsthe disintggpation treatment, a
part of thenjl nate was transferre 7t20 Sar st edt gyg and the yeast dry
55 matter erm ned as descri bed,ggbove, but %b@out centrifugation. A
known Qimurgiﬁisag)acggig Qeiaormgenate v transferragsgo a 10 ml neasuring
flask and sglvent wa ded to give 10 m . Absorbance was neasured in this
solution. 14 EP 0 367 765 Bl The total pignent content in [err] per g of
yeast dry matter is determned by: [err] 10 E = absorption at [err] in the
solvent used in a 1 cmcuvette [err]

0 EMZ = absorbance of 1% (w/v) solution in a 1 cm cuvette.

lem

45 Pigment extraction and analysis ~ Method

About 30 mi of the yeast culture were transferred to Sarsteds tubes and centrifuged for 5 minutes at
10,000 x g. The yeast cells were washed in demineralized water and suspended in about 20 ml of
methanol. To a glass ball mill of the type Bead Beater (Biospec Products Inc., USA) in which the rotor was
50 covered with glass balls with a diameter of 0.4 mm (about 15 g of glass balls), the methanol suspension
was added so as to occupy the remaining free ball mill volume. Disintegration treatment was carried out by
running the mill 5 times for 1 minute at intervals of 30 seconds, ice water being kept in the cooling jacket so
as to ensure that the temperature of the disintegration treatment was kept below 20°C. Immediately after
the disintegration treatment, a part of the homogenate was transferred to Sarstedt tubes, and the yeast dry
55 matter was determined as described above, but without centrifugation. A known amount (b g) of the
homogenate was transferred to a 10 ml measuring flask and solvent was added to give 10 ml. Absorbance

was measured in this solution.

14



15 = absorbance of 1% (wv) solutionin a1l cmcuvette b = g of extract D =
my of yeast dry matter/g extract 2Ep Bisgrees Bextraction and anal ysis -
Method 2 A predeterm ned anpbunt of the yeast culture (a m) were
transferred to Sarsteds tubes and centrifuged for 5 mnutes at 10,000 x g.
The yeast celfedotalpiomentesnendnitg paemehvessainy metierfdetrmisgddbysuspended i n about
20 mM of methanol. To a glass ball mll of the type Bead Beater (Biospec
Products Inc., USA) in which the 25 rotor was covered with glass balls with
a di aneter of 0.4 mmK aBok® ®& g of gl ass balls), the nethanol suspension
was adddd so¥as % oc—eu&;c_:-he_ae.rm?‘rﬁ +980{909% ball nill vol une. (L

D sintegration treatne was_ carried out by running the mll 5 tinmes for 1
minute at intervals of “3emJeBchds, ice water bei ng kept in the cooling
jacket so as to ensure that the tenperature of the disintegration treatnent
was kepf, Qekqusodfiod-at \ TTHRAY &iv@ﬂt)ﬂse%furﬁﬂ cthldfveflh Si Ntegration treatment, the

|l iquid was transferred to a nmeasuring flask. The 30 gl ass beads are
washed in the mlIl with 4 x 8 m of methapol. The fractions are collected
and m xed and net hanol is added to gi veE%m. The net hanol extract is
filtered before pignent analysis. The ye dry matter in the culture is
determ sed as descri bed above. The total pignent content pr. nml sanple is
det er m ned= blysorb8dge [obt% [wA)@oldfon in & teenw guvetfe pi gment/ M of in sanple a = vol une
of sanpl e b A orif offact absorbtion at [err] of the solvent used in a 1 cm
cuvette 49 Fang¢f yeast dry gistespledreele of 1% (w v) solution in a 1 cmcuvette The
tQtal pigment content per of yeast dry matter is determned by [err] 15

EP 0 36% ﬁ@%iexrfac"?'b?"ﬂa" ’sp" E’Fg yeast dry rratter YDMC = g yeast dry
matter/1 cul p br oth Hg}lc g 'ﬁ sv}e%xt%nt hi ter mtnatl on - uged
i ShHPLC a?t ﬁ'ﬁ fli hg% dem alz a%&n EF;(bl.g 5
I chrosor me alia g(gqmll é;'eﬁ é‘a"% §§ u inw |ch
[err] E\ 45 IIs i e{ ethanol

| ntegr a susp sno a aﬁde Bee i ent was

|Il volu
Control | €l carriedP out by rthm& the mill 5 times 1’0 m£|1 E’Hﬁ%eon@éﬁc@ “kept in
2157 aut 0SHiRY Gucketisd Bs Adnbidd st th&%ﬁrper&ﬁ@l@ e'd‘&ntegratuon%ﬁﬂb{t%s %th oW ot ©OP.
Sol vent s: immediatély afffp GheNdisiidgra&iLiraahant, e lijuid Was Hns@frodBatd0 1 Middsutthg Bdskf 1M C
adld. Bs MO bédds el vk i @6 il witht4 48 nirlof Mbthdnor MheCrradtions! are Abllectsd baterfiléy avar e
of HPLC qumndthahl.is added to give 50 ml. The methanol extract is filtlered before pigment analysis. The yeast dry

matter in the culture is determined as described above.
The total pigment content pr. ml sample is determined by:

35
E x S0ml
X' - x 10.000 (2)
T .
Eiem X 8
40
X' = pg of pigment/ml of in sample
a = volume of sample in ml
E = absorbtion at Ayax Of the solvent used in a 1 cm cuvette
45
1z
Ejem
50 .
= absorbance of 1% (w/v) solution in a 1 cm cuvetle
The total pigment content per g of yeast dry matter is determined by
XO
56 Y - x 1.000 : (2a)
YDMC '

15



20 Fl ow 1.0 M/ mn. Gadients: 0-100% B 20 m nutes, |inear
gradient. 100-0% B 10 minutes, |iEr@r3ggresiBent. Detector: 471 nm
Tenper at ur e: Anbi ent tenperature. 25 Standard solution: 5 ng of pure
astaxanthin (np 220-[err], absorbance of 1% v/w acetone solutionin a 1 cm-.
cuvette 2\16(&9%8'9'{6?4"@@9 asdryeetfaiann- La Roche (hereinafter referred to as the
ast axant h{o f&rﬁ&%‘d‘)""&ﬁ“@"‘ﬁi‘%@ﬁhout and dissolved in 500 nl of acetone.
For the is, e of thes Ieln question is injected into
t he HPLC%E@H& () axa J"Jﬁﬁk %ff?ﬁl‘y’é? 6r ast axant hin determnation -
Met hod °2 L'c% gata Eqw pment 35 Col ums: Supel co precol-um Supel co
LC 18 - ticle size 5 [err] Colum dinensions 4.6 x 250 cm Detector:

LKB 2151 gd?,gt"? e wavel ength nonitor Integrator: Waters 740 Data Modul e
40 Contr er: LKB 2152 HPLC Control | er Punps: LKB 2150 HPLC

punps AUt OSBRRhST :  LkeBitrephe ProBdhin®S BiERsBIb AN 18!y i akqdlhe. | OOp Manual inj.
Rheodyne 20 [err] | oopkeSgiifRB taiumn, Lichrodrb HB 8Thm tabg0aki.dr of urane 45

400 m et hgrebr: 200 M kd2187 viaglé WaeBRIMIwbMmer, PH = 2.6 B: 1000 m

t et r ahydr ofinegeai: Al | Svalerserad satexe@ys. t he buffer are of HPLC grade. The
buffer is <Soatfolidrf i | t eLkEI2t5D HELE)Oondoi@r.22 [err] filter before use. 50

Detect @r: Pumps:480 nmLRER215e HRLGIPenps. Room t enperature 55 16 EP 0 367 765
Bl G adi entAstosambief:| oWLKES2157 eutosampler with variaffle toep.mi n. Flowm/mn. 5 B

0 0- Manual inj.: Rhepd¥e 20 wl loop)- 90 11-21 1.0 B 90
21_ 29 Solvents:s B  A: 860 gy ofsagetonitril H d003! of water + 40 ml of foymic acid.
50 31- §2 960 mi of ethylaceigte gt 40 mli of fognic @cid. All galvents were of HPLC quglity B
203 W: MVBinandard sol uti on: nmg of astaxanthin standard

anal ysi s, % rr] of e fng@8Y9%n is injected into the HPLC
chr omat ogr ﬁ : lg % Pol ypropyl ene centrifuge tubes
provi dgd i hogag lm'é'ﬁm'[, o burs LUBRRn B 32092360 SosBB838 oP P W sB8lor®sotuion

in a 1 cm cuvette 2100) supplied by Hoffmann-La Roche (hereinafter referred fo as the astaxanthin
standard) are weighed out and dissolved in 500 ml of acstone.
For the HPLC analysis, 20 ! of the sample in question is injected into the HPLC chromatograph.

0
are wei ghe@’ﬂ’ﬁﬁ"'sand dpf%ggg "’i"’t‘f“’%g ah?'a$?!%r ahydr of urane. For the HPLC

\_ 30 HPLC analysis for astaxanthin determination — Method 2

HPLC data:
Equipment.
35 :
Columns: Supelco precolumn Supelco LC 18 - DB, particle size 5 1. Column dimensions 4.6 x
250 cm
Detector: LKB 2151 variable wavelength monitor
Integrator: Waters 740 Data Module
40 Controller: LKB 2152 HPLC Controller
Pumps: LKB 2150 HPLC pumps
Autosampler: -~ LKB 2157 autosampler with variable loop
Manual inj.: Rheodyne 20 ul foop
Solvents: A: 400 ml tetrahydrofurane
45 400 m{ methanol

200 ml| 0.02 M glycinebuffer pH = 2.6
B: 1000 mi tetrahydrofurane
All solvents except the buiffer are of HPLC grade. The buffer is steriifiltered through a
0.22 um filter before use.
50 Detector: 480 nm
. Temperature:  Room temperature

55
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Houn| sens Laboratory, Arhus, Denmark. Chem cals 25 Chem cals used in a
| abor at ory scale were of anal yti cagp@rsdaes Baem cal s used in fernentations
were of food grade. The gl ucose and saccharose concentrations were -anal yzed
by of use of kits (Best. No. 139041) from Boehringer Mannheim 30 Medium
f or shake Gréiemds end #awyat i ons and agar plates YM Yeast Morphol ogy) nedi um
supplied by Difco Laboratories Incorporated (D fco Manual: Dehydrated
culture nedia and reagents for mcrobiology, 10th edition, Detroit, 1984).

35 Cryo vials Polypropyl gn@oileab¢s v%thmgmhu*ra:mfmﬂm,onjm of the type

363401 Supplied by Technurfes—Res \i ete- uc...q;m —40—ANMALE 1 Mut ageni zat i on

I n each case, the nutageni|zat] on carfted dut so as to obtain

a degree of survival of 1-5%é)f q 8 eat tur(lr' Suilt abl e nutants were

sel ected by visually conpgring t+%059ten§b thesred col our of the

mut ant s, when pl ated as sirjgl g5 coll onigg é:é agar 4 gl atgs. UV-irradation 50
24

A just {urbi d four days oljd gyl t go_gf P61 gpown [in YM nedi um at
20-22 C was diluted in a Q. Q%Na sgl Ut iagRgt 0| conggntr ati ons of [err]
and [err], respectively, ¢—0—3-—ef—eaeh—of—these—ai-+uti ons was pl ated

on agar plates so as fo bta| Iate cont ai ni 100-,300 col oni es. The
ol ates.wer g, SPRARS Bt i of v o Ao el Brodimgsdonfid Jf o8 m
seconds at® irradiatio Vi | bert
Coorna: T 5B Rl Ay T o bR e A PO SRl

coI our of %4;9 g iting col onies was conpared. 17 EP 0 367 765 Bl EMS
(Kt hyl - ane- Su phonat e) treatnent 2x15 m of a four days old culture of
ATCC 24%1 9 b&YWogyBne’ dnbiRiEs WBbOPoRied fmtke &QQB’B&I&% aefemﬁé @wss%a@%upgﬁad[b@r r]

wer e cent rmd‘uugaqgegi,ofawy,mugmmaa@ at X gin a E Major centri uge and
the 5 pellet was suspended in 2x15 m of sterile 0.9% NaCl solution in 200

m centri f crpaticaen t ubes. One of the cell suspensions was enpl oyed as a
control, To the other cell suspension 1 g of EMS (Serva 28755) was added.
After tfeat nSheamidaisrus@lin milaborelor sedle @ 6} andifiRalrgradefChemicals asod ini foreveDatdné Wsht

sol ution view gitded. The yeast cells were washed twice in sterile 0.9% NaCl
and suspendedhs glu@seaniNgciharospraengpatiationswerd angiyzed dw of use ofdits Bpet.Nadl 189048 dromind
pl aced on BgghringgriManeeim.n t he same manner as descri bed above for the UV- 10
trigatnegyd . One of the isolated nutants was deposited at the CBS

(Cent r aal HU‘?‘@‘%’%B’&“%%W?‘@G?F’M@@V@HSG April, 1987 under the accession

No. 224-87. ]-N' i N-nl r 0So Ldi ‘:‘b About
1 oabass R oy pmdgidl w'%' e B MeBsh Petysreied
R it ins s sl e g mos i A

Wat er was Pijsed so as to obtain a total voI ume of 10 m, and the

N- et hyl - N"=nitro- N-ni trosoguani di ne was di ssol ved t herei n by shaki ng. 10x1
m of stock f’&]/d-'&dyfaﬁb Wﬁésew:ﬁub& itk of 5.0 P ne | 485400 Nbupphid? By 'ﬂachQJnc aRJsQHE
days ol d cwdpkdike Of CBS 224-87 (the nutant obtained by t he above
treatnment) 20 grown in YM nmedi umon a shake board at 20-[err] were

t ransf eft egkampLBar st edt tubes and subjected to two rounds of
centrifugation. The pellet was suspended in 1.5 mM of 0.9%sterile NaC

sol uti on amMdtagemeatiaf t he stock sol ution prepared above was added. After

i ncubation for 1 hour at 20-[err], the yeast cells were washed 5 tines in
10 m ofg col & eachesasé. shegndagenigatiin tpgimanti wos carjigfcaubgpyasihebtaig grgagrep of survivaljof §-5%N-
nitroso g uatfite trastedigulturee fiviiglele mutapta were gelecteddhly| isugli cempariegnthe) infensity @f #ip pdisolgered
on agar pl of thegnytantswhan platpghas single colonies on the agar piates.

UV-irradation

50 A just turbid four days old culture of ATCC 24261 grown in YM medium at 20-22°C was diluted in a

0.9% NaCl solution to concentrations of 10~1, 1015, 1072, 10725 and 1073, respectively, and 0.3 mi of
each of these dilutions was plated on agar plates so as to obtain agar plates containing 100-300 colonies.
The plates were then subjected to ultraviolet irvadiation at 254 nm for 30 seconds at a distance of 20 cm
from the irradiation source (Vilbert Lourmat VL 30 LC) and then grown at 20-22°C for 10 days after which

55 the colour of the resulting colonies was compared.
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25 manner as descri bed above for the UV-treatnent. One of the isol ated

frut ant s was deposited at the CBEpo367#¢8B1, 1987 under the accession No.
225-87. Reisolation 30 CBS 225-87 has been subjected to isolation as
described as follows. Froma freeze-dried vial yeast cells are suspended in
YM nedi EMSXBthyi-MetisaecSiidhorats) ttpatmeat 20-[err]. The culture is plated on YM
pl ates and incubated for 10 days at 20-[err] and new col oni es are I sol at ed.
One of t he2d®Imdrf éstlFfsdau%B'és@P'E%“aNqon EBQ%?\ "2§M|\'/'éﬁd °"19§%a" ? Ae

accessi dempeature of 20498 Cysremmatedior u ne f 8ntent
o " e e o g% b e 5m Ea fpie 1
40 C

descri bé”ﬂd‘? eﬁé'e E o{a b 'Na l ia ﬁ? j% Z:ﬁ

condi tj i r o BH @ eritrBaibuiBu P 'StifAmbicutures)

above e ﬁd%ijt% cg%;o QQ 2@_57 eterm ning the inherent
ast axant |n pro ucing capability of a yeast strain. These are the sane

st andar dyeamahd Wil - Rethat & —nRioeN- Bffoddgudniidehe cl ai ms. 45 Shake flask
cultivation 100 [err] of a 4 days old culture of ATCC 24261 grown in YM
nedi ugg oN  Abduh BK thgd a-HetBl-N2Aro2Lniftoseguaniding (Aeitta Cithié BOBYOwerd added Yd/art@dilum
cont ai negred yraaudiéiOcyiidessupilied ittas llassi stdppl. Watérf wae suppliddesocs it ebtain aetal wiyme

subj ect ed 10 @nl,gind s N-methyk:Nshitddd-niyomaguiniding vasodissolved] theseimRy shgkieg. 18 0nlopivdkor 5
days at SEdichwet® eoteihed from thisoelpipen transfer rate of 30 nmol es/ |/ hour, whereby
a( density 8R0tHef gdustaye eld cubum of GBS 226-80 tempmiians obpiped ydbe atpveg ?if’eaé’ﬁ%t)ym s
TRE ast agrewnt ihiYM roesivmeqnta shakerberd abd0r23 ¢ Wwaéfa'}S&éfPﬂ fo{Sarstadtjubes pnd

5°8
condi ti d, ehfs'?og Was éﬁ te 'Ivfc: Ilnc%;ile %Iﬁt fn‘?heqsra?ﬂ%a% aSQ:Qer oy %r tAnd the

three mewownss sf ceﬂ""fuﬂﬁ'%éré? 8pllet wagspspandsp i '“b?ft? f"er qlutigh, p ﬂs ereI I
been pr epecksaiution RiRRated jabovg Was adder 'F‘Pﬁ% as wevaas
subj ect e¥pshes §’BHB?sr H‘pHBt'Blg@{[ F?'ﬁ ?f' % gg

Tabl e 1 HEPe0 ?I - atment 0 ted arb S| n

et handf %%’t"?’qagé%es ; eacce sm 5 ner &S a ove c?u

pot assi u ) s BT e ad o reduce t he astaxanthl n, and the mxture
was stirpg 30 m nut es. The absorptions of the extract and of the

pot assi um oroleydri de-treated sanple were neasured with varying wavel engt hs
oy hg » SPEGREORESF RLBLRH subldeRd fid RElatRA tad Waddkibbid as IHIGWE trotn  resaekdi@akal géasi80 5
nm and t Bfis b8 FuperiedMmi VMK MBIl BndShtabesd fneap eedo2 at. TAS Eultaneds plal@! anriM plates
corres DOMI iRGibdtéd foh 0 ¥:3b WezD-2+ atafdindwncolohies brb tisela@t.L0ne.of Bie cdlbrdesrie tiepatitednt t i me
of the ambarsidh b3 Marci)nd8si unidn theaudessiontNd. 218-88IPLC under standard conditions as
defi ned above was conpared with the retention tine of the standard sol ution
definesl akaMRLEZ . e. the peaks of the astaxanthin-containing sanple of the

I nvention in HPLC under standard conditions were conpared with 10 t he
peaks of Deteanigation dhithe axspa@pthisreonienteh wid—type F 'Ef’@rff’?‘l%y”ﬁ falns, Qof O UHAE ¢ o
be i dent ptepgred inffxampie Ant strains of the invention (CBS 224-87 and CBS
225-87) as well as all known dep05| t ed astaxanth n mt; 8?99 Ir‘lt:>§ %COQyma

strai rfS werTle ypasheelasiivalian eod, " The
t ot al g‘ﬁ%ﬁ ton A0 "ér?f’"da i%yfﬁ eim‘ﬁi ) At

ont

5 Ln rabcn | Bnedlstnl m@irhgd #i at ed

in Table %‘dB%!ls gyl Tamo i ,,Ef;, "“' e ,.,,y% 28 heOdafle fhndid

met hod: el F{f@re ﬁf@t 15 1 Astaxanthl n were
anal ysed accorc?sn ana yS| s for astaxanthl n determnation - Mthod
1. TABLE rain [err] of total

pi grrent/gfg%l%qfag Tt'vg?gast axanthin/g of of yeast dry matter yeast dry
matter CBS {8Ubora 4 ki old didihd oF ALEA D4E6 gidvieh in YM medium on a3Bdke board at 20-22° G were

254 inoculated in 50 ml of YM medium contained in a 500 ml shake flask with 2 baffles. The culture was

50 subjected to growth on a shake board with orbital shaking at 150 rpm for 5 days at 20-22°C and at an
oxygen transfer rate of 30 mmoles//hour, whereby a density of the yeast cell culture of 0.6% was obtained.

Pigment analysis

85 The astaxanthin content in the extract was identified by the following three methods.
1. An acetons, methanol and ethanol extract which had all been prepared as described for the methanel
extract preparation above was subjected to spectrophotometric scanning and the Amax values stated in

Table 1 were obtained.
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CBS 5908 = ATCC 24203 = UCD 67- 383 318 . 252 CBS

6938 EP 0 367 765833 204 25

CBS 6954 : < 50 <100 ATCC
24201 UCD 67-203 229 143 ATCC
24203 UCE2. G3-0B@Balf of a 10 ml ethanol extract, prepareg3g the same manner as above, a_PBgf SR pgof

24228 UCIpolssigs porohydride were added to reduce they ﬁaxanthm and the mixture was_l_ re f@éo
24229 UCigutesp dhe absorptions of the extract and of the p gum borohydride-treated sample g r?gisured
pea

ith yey \3%35 broa
AT 242 with ng -wa gths on the spectrophotometer. The free anthin showed a
AT% 2 @222 nm h%-fedg%eg astaxanthin showed two peaks at 450 ﬂl\_ 478 nm, corresponding to the vglées

stated in the literature.
ggg g; 3. The retention time of the astaxanthin-containing eﬁﬁ%n HPLC under standard condltl&zgs §ed

Ve was compar with the retention time of the d solution defined above, i.e. th k he
val ues are 3 éa d&

R e Rtfon WEASLE GiaB tishdard Eondhidrds WaR CoRip&iEd WAt
the mutant g 5 kﬂﬁ ﬂ% %h?déow&nh HPIL. ThOtoRtioh AMed Wi Btidito béasriads.ed
ast axant hi N 1O MuERE strafnddMiRe Bnvantdl (CBY BRI7adnk @BS 1228-87)0ds RN 28 Lakl RAGWNVEHEsited
per f or med ,@adtftlpbdichy Ff %E&Qﬁ:ﬁ%ﬁa%&ekmgaﬁn S daafesd irithe shrhdTinkritbi asndesatibsdnor -
oughly waghgsl Tﬁ@fétaﬁﬁn@ﬁén{ soRRAk aftd T3 atSEammIn batent o thetstanstayensatddUib Takis Dadlowrn Wi t h
a stati onar yroRPpigthdnDéhaly¥is wa8 carisiisiuBacedidingdio nisthod: igateatcbxizdctionpang ewlysi§ b Method
f er ment;er $. AsRkathisrgdnaigsediatdordngl teHRLCt anglybissor dstakapthis dbterminafionr-ddptiiod i ng
agents and foam suppressing agents, and al cohol detectors for measuring
al cohol in the discharged air. The jack®E2of the fernenters were
thernostated. The start wort has the follow ng conposition: 20 g/l of

| asses, 0. ¢ gg4f, of diranmoni um sul phatE‘(g&tcﬁ QF.J“en%o L.g BB MakantRn/g of of
hydr ogeAphos hate and 0.125 g/| of magn SIMtabydﬁRé\{e V\hlyahst&wﬁmthw wer e
boi | ed up 50 H +Hhre—ferrertetr—For rttes L%i’ctllcl Wt tabt¢

amount of wate‘st(5§85 "’i 12 IO@ agatlo ermenfer and22D00 1 {n the

4 nB producti )2 B0 f er ment in quégstion ygs inocylated.

The medi um whi fed to the ferrrent Broin %@ f ed-hat ch fgpgyrent atfon was
45t

taken f¥om two eNlch§Rsdavoi rs, i.p. a chegical rfeservois consi $ting
of 10 kg of di bgam gg gflggse 5. 6 kg| of di agggoni um|hydr ogegphosphat e and
80 | of water; 4508 D )35 8&653ceser voi r [ consi glghng of [450 kg1of nol agses

and 1000 55 hmcme; usbierbozhad been hutocl apged. 0.1 ng of 1aest hi olhi otin
aRd, 1. 6,,kg off Amgasdorystlepbest € were shppliecbadirectlly to the2fernenter
before the rdgsiroefzebdie- vedisnasavas suppl | ed. Alddat he cHenical £8&ere off food
grade. The nql gessza-swer e beet nol asses |rom Des8®Panske |Sukker B&br i kkef. The
aeration duri n@ﬂiﬂs—a’ver mentation was 8. # [err}¥7@i nute.| Contrd&%um 21
(Zschi mer & ulwarLL) Was enproyed as Lhe 1oant suppressing agent, and

sul furis aci hg 4t| S}Her{t%'déuﬂ;iﬂeﬁtg I?—ﬂﬁ'ﬂ& notd@Pthat thd-Ruttnt 3fafns/dp S
Bl Yeast ggl; \%ntB ag@{aah,gmgate by being transferred
froma slant to a test tube W|th a dianeter of 2 cmcontaining 5 ml of YM

medi um i n pavebe she cells were cultured for 4 days on a shake board under
sufficient aeration at a tenperature of 20-[err], after which the culture
was traffsfrsmenatio 2 | Erl enneyer flasks cont ai ni ng 1 1 of-YMnedium After
i ncubation for 3 days on a shake board and under 5 sufficient aeration at
a tenper at ur theobmidttaRBs @preIpetiormibd h dededaich darmenfaionst undercadbphydigtet lisnitation O thor-

f er ment er coghht washedand 3Brillzedh#t m fazmanteyit the tymecSubkie Celyran yithe %‘iﬂﬁ;}a@cﬂe@ﬂ% st ch
growth at cznsnspmquequwralpy%asq feme{pteﬁmeteequeﬁ?ﬁf'véhe*' gipctrpdes; iplets foc pid proulat 8d
Ther eaf t eragenth@nd eanysuppiessiag pgsn °‘§‘P%ﬂ°§°€‘8’sé‘?‘i ('P°f‘?‘fé"gf alsghg) tE%d'ﬁcg?'?ﬁ?rﬂr

was per f origakels gfthefey @P’P 9’9,599( f the.cul
trangferred Ih?oséﬁ“vgaﬂqa CPFIB %% %Pﬁ@ gj; g?élog)%g%? hiuf su ﬁiﬁg‘%’e he

4 [err] féﬁﬁ@ﬂt“@?'”’(}\,ﬁ °'(’:[5'ﬂ 1 30 tht %6

subj ect ad ;’E (5hebfarme % 0 PYh nges vt:‘l. Ter) Pe o i ife ee\4t(e dubdtiot W |an
g/l inth m wh| 9‘? fer Torfrentabioto: tal\%ﬁsfroﬁ tﬁﬁ I'df?fgreﬁ’t”
conti nued é%r'v g‘ R rggerv eof 'T@k %ﬁ&&nrﬁ&ﬁﬁf 3fiphkte, V865 k& Rigiinfflium The

chem cal s a’te 86 P Wafe} 9 Maééést sohiof® corBibifhg SEH0AY bf Measkéiand hoodt
24 hours. Qva eﬁ hic ﬁéocgb eaﬁtm&ﬁtohoﬂg BB SesiRbibi 4B .6akg & rhayhgdRimadulphste G/bre
20-22 C*® Tﬁﬁpl@%%ﬁy f théRInsentor Befbrd tHeest BPIha $rbaitim was supplied. All the chemicals were of
food grade. The molasses were beet molasses from De Danske Sukkerfabrikker.
The aeration during the fermentation was 8.4 m%minute. Contraspum 210 (Zschimmer & Schwartz) was
employed as the foam-suppressing agent, and sulfuric acid was employed as the pH regulating agent.
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reservoir was adjusted so that a yeast dry matter content of not nore than
dbout " 4% in the fernented wort 1Ep o@ef deB1o0bt ai ned. The nol asses supply to
the fernmenter during the fed-batch fernmentation was adjusted with the aim
of reaching a specific growth rate of the yeast cells of [err] = 15 [err]
and was f uYeasteelisrat geainA Qe 24A81aeasoprarageied by Refnatimestased oo R s'é’&ﬁb%???‘r"éﬁel"ﬁth in
t he wor ta digmetdn ok em|centaieing ket ¥vhmeriyn m%h thoselizwere epyiyred fof 4 daysop rfB?'“’
concent regerf gpdefgufficentepration Ptya "ﬁ'@@ﬁiﬂ‘r"%&f 2092 vﬁt‘@’ whigh t\)&a%“" "BU tranglor;

Ot o S s é@%y Tg[’{gf? ot
ﬁ swage fur as tran e 1 Yer
ggm ?nhétantfllqp % %w%ﬁi gm?ed elt Eéyvlai]vge cﬁ to atc r%wtﬁ % a matter

r»‘% hest’d@ QAtQﬁ formahtation
gggg;lntws orm? sag$ W aanerUEQH or SBMb EdNbitigHad t he

& Wﬁlcpcontam@d 2000 $ br seiwarCrnb ReuRiMesi ent

s uppl x, ts b nen@%,eést a&tnea@ter cohtbrit of P& i M’ B RES dblhed

ferment l?rth STang dGhifikled 888 Rl &fter Which B nfolasse l’re%bﬂv@rr’wa@f t he
fer ”Ent plbBd.tThe Ehbich vtfe(%t an greﬁmtonﬂls? Wt thb ndlaskot Bing Sodneh B4 Hours. Tifb@nt
wer e dehﬁtcmfé?ﬂéhta%n Q&S;S‘ehbnbﬁ al Atempsétanie @f 20-222 B0 THe oG WP@ElRdsbsOIN tr@fmdldsessy east
cel | s Wagsehlk @hdTadieBd BY thedyeas idiyomatler doatmhtruf on @®re thanLabout #ibain the terhentadintoent  of
ni t r ogenwddRIbe@etigsdri ned by Kj el dahl anal ysis, the trehal ose content was
det er mi nedTsmolesser subplyl td the fovanter dking tI@Hed’rlvatCSdermerﬁﬂlon vas@ljusied witiohe aimpefd t he
phosphorreachiag iadspedifit growthwate al dhecyersthealis @6 LdEs@ 1S hew i and \Wes dirthgnggulated in
WAst e- wedceardangerwithi they athéabtoneentration inHhenwarbwhicht sheyid be Igyer thag 0.1%gby yolugwThus,

hanol theathgnol epnogatsatign was eRUeNdy easu EGl"ﬂ'P’h 'tgvaﬁﬁum)tﬁr tt*’oti” t‘ﬁ'é he molasses

deter pd npplpretegras dawgre usiihan aceeptagle °§‘P FR9°“ ras ie et de
la distill&hq @ratiarQGZHIGZ?Jme'ﬁed "107‘ 2s copf] “ V ; 'Pég ow.
Tot al plgnﬁ h t° %f@mgt hi n

Ti ts
anal ysi S\ﬁ@ ﬂf? fE"él ? iﬂﬂ ml%?e 8 th ermented wort. The
TABLE253 tgta pig ? ﬁ# lgn E escri ed in Example 2, and the
0 1com osit n of the entlonal &Fﬂauep Thi @R tol %H?éﬂt 6Q of
yeast dr £ determine jeld alysn treha‘f]oléconte frithol 8€ Gdscrithd in Journ.
ast axant b HomP5ocy 821565005, Y058 hrdRe phosphoric hdifl content was determmed a® 3dicribed HOvate350 %
W w yeassnodesthWQt@f American Public HealtrpAéggclatlono 163 p. 109 §960). Rhahbl analgsiO@as ped- 15
3 29 % Vioknealnh @oRin's method for the determination of small-amounts oficOtdi (cf. Anfi] de /dbrasserie 8t 10
0. 00 O0aéfa ditiiierie, 1924-25, p. 177). The results are stated in Table 3 beléw. 7 4.4 4.0 4.0
4.5 7.8 Toll figrddnt analysis Wetal catridll ot agemading Wrmethuelt1t @staxanthin analysis by HPLC were -
- Gcatried oft atcordingto meflodd.w  [err] in yeast dry matter
2.7 2.6 2.4 %ww trehal ose in yeast dry matter
2.6 3.4 11.4 50 EXAMPLE 4 In a nedBEF3sinilar to the experinent
described in Exanple 3, fed-batch fernentations with strain ATCC 24261 were

carried our,The OnTy di TT er ¢aeeachlisimBlatonaiaTbbeami art wort vol ume was 1000

|, the i nogsmi-r—the—4—terr—errghter v i ch

had been p H at ed as stat ed above| %nd|t £ 5 ijst ed

of 0.%%kg 9 H’ ’Qf:eﬁgkgdoda I ate
an e - .

and 80 | o §Wg gﬁnﬁﬁ asses r@(ﬁe W' | 59813

nol asses a cf b *Water. During I f(ﬁ’ma absh &

nutrient to the fernmenter fcr“t heé 44 rBlyp65 t he

nutriept s NRSeabSdinif €d and tlhe cyl.turp.was i on

for 72 hou dw% .nl,:EasﬁhrﬁﬁZuJ% Bl |The fesulfs ar

bel ow. TABLE, dg@tncygasf @,pnﬁm;rat i qn--of | AT 2424

0 65 137 fFer+—ef—totat—prgmenty g of yeast—dry matt - 379

561 [err] of astaxanthin/g of yeast dry matter 89 231 369

5 EXAMPLE 4

In a manner similar to the experiment described in Example 3, fed-batch fermentations with strain ATCC

24261 were carried out, the only differences being that the start wort volume was 1000 |, the inoculum in

the 4 m? fermenter was 6 x 1 | of ATCC 24261 which had been propagated as stated above, and the

%5 chemical reservoir consisted of 0.5 kg of diammonium sulphate, 2.8 kg of diammonium hydrogenphosphate

and 80 | of water, and the molasses reservoir consisted of 250 kg of molasses and 1000 | of water. During

the fed-batch fermentation, the nutrient was fed to the fermenter for the first 65 hours, after which the
nutrient supply was terminated and the culture was subjected to aeration for 72 hours.

20



1

10 % w w yeast dry matter 0. 05 3.5 3.75

% v/ v ‘et hanol EP0367765B81 0.0 - pH
4.5 7.8 9.1 %wwN in yeast dry matter - 4.1
4.5 %ww[err] in yeast dry matter - 1.9 2.2 15

% w w t r ehal H9desulis e siated igTyblodpeler 2. 6 13.2 12.8 EXAWPLE 5 20
Experinents with the nutant strain CBS_225-87 of the invention were carried
out in the same nmanner as descri bed inT%ﬁ)le 4 with a start wort vol une
of 1000 |, the inoculumbeing 6 x 1 1 of CBS 225-87 which had been
propagafed by the t hod descr Feaestch farmisnatiqploeABCC2#d6W t h a cherpi cal

reservoir consistin Klg.,uu di amoni um
a%ﬂ@%hh% of east%rﬁﬂnspf Ol4g

hydr ogenphosphat e prggpd during the
fed-batch fernment atlggy,f wgen hours 0-57
after which the cul f oGy \est Gy t@,g:te to aergtigps ( Nyly4 ilent supply.
The yeast cell co 8 W dwangtt - hour 80 was 6. %% nitrjoggm | n yeagt dry
matter, 2.5% phosphop@us pentoxide in yeast dqrys4putfterrgand §1 610trehal ose
in yeast dry matter| % NiDjeabtdpigaent , the gstaxarft hisn andashg yeast dry
matter were deter m jnecwviel BsOsrigydaltainf regtter bat ch | f ernrerlt attisop, Z2vilng t he

val ues st ated i n Tabbkews trielosann ydaéBinFEmsiteFed- lhat eld flerden| ati2.8n |of CBS

225-87 35 Hour s YEAst dry nmatter gri rotal prgiment

Astaxanthin in sanple [err] in yeast [err] in sanple [err] i n yeast
[err] 0 EXAMPLE 5 1.4 0.9 640 22 11. 2
8 L 720 33 18.4 12.5 680 40
37 20 E)&Qrirﬁbnts with the mutant strhin .CBS 225-87 of the invenfiB)were carried out in thd barkb manner as

.550 40 described iX @xahple 4 with a start wort valom®of 1000 1, the inoculuftding 6 x 1 | of CBS 285-87 which
420 57 had been propaghted by the method desciedin Example 3 and with) 4 @hemical reservoir cdrBistihg of 5
680 61 kg of diam@dniuf sulphate, 2.8 kg of dia@vhodium hydrogenphosph&8@nd 80 | of water. Nd dcdhol was
690 64 formed duriig th@ fed-batch fermentation, 2§l the nutrient was suppligdid@tween hours 0-57 aftéf which the
710 45 c8lfure was subjected 1B pergtion without nutrient suggly.d’he yeast cell compiagi@gh at hour 80 was 6.5%3. 6
960 The t d‘utmeqdn prshdry matierodia Rhoseligons pepioxidein verst Hiy mdterrand 6 §%cirphalese inuyegsted
fromthe éh:amg% ;%é%tmgaw gt the eptaenthip gpd e YaRRH diy aPattpr wese detarminpd ding the fed-

pi gnent arRgtch drmasaigion piMing e vatuga piptedting'atip & bﬂ?"gment and astaxanthin content
of\_¢BS #15-88 and P. rhodozyma nutant g_& | ns DBT 406 and DBT 403, the

w | dtype strains CBS 5905 and ATCC 242 }e deternined. 21 EP 0 367

765 Bl ShMMMJWW&LﬁMD&MML&_‘

i nocul ated in YM nmedi um and i nEaddatck érhetatich d 38 2288720-[err]. 1 m of th
cul ture m—of Y cont i ned 11 4 Shake
1 asks ® § hd bht Fragy Meteyl B ot ol to gr o >
board with orbifal shaking at|] i5@mplaMeMb| B yasy4o/a ipgampioLg/nl F@JM‘{Q& ve
deternminali @gus pf totals pi gmgnt wepe carnfi ed gwgt aqdcording to hethod 2.
Ast axant hif n adet gr m nafiizon werfe carghed oyt aceordi g to nethod| 2. Exanpl
of cal cul atissns) (for BAS 215-/88): 128 Thg toted pi gnment in the| nmet hanol
ext r act “whs adet ¢r mi nezb.doy spelct r ophet onetjri carsoanallysi s11.fhe apsor psd on pf
the 50 m eﬂpraﬁt m nkPB absor(pt i ort6sf maﬁ hanofe0was [nmeasu#-&d t o| be B20=

D

11%

1.189. The V@l ufre of 23k 24.0 1010 16.2 680
61 247 24.1 980 17.0 690
- | 8 243 255 1050 17.3 710

80 24.6 36.6 1490 236 960

The total pigment and astaxanthin content in ug/ml has been calculated from the analyzed yeast dry
matter content and wg/g-values of total pigment and astaxanthin.
50 :
EXAMPLE 6

The pigment and astaxanthin content of CBS 215-88 and P. rhodozyma mutant strains DBT 406 and

DBT 403, the wildtype strains CBS 5905 and ATCC 24261 were determined.
65
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sarrpl e was 29 m. The total pi grrent content in the yeast extract cal cul ated
by formula (2) as follows: X IEEPIG86%7650B1 2100 / 29 x 10.000 [err] =
9.52 [err] 15 The yeast dry rratter was determned to be 6.7 g/l. The total
pi gment content per g of yeast dry matter is determ ned by fornula (2a) as
fol | ows: Stake flgsiseyitivationsy 1. 000 [err] = 1340 [err] 20 the concentration of
astaxanthin_in the nmethanol was determ ned HPLC anal ysis to be 6.4 [err]

corres po ndi TR apager "EPP oagt cefls I”eg/“lmu'a"%'ﬁ %‘}’L M0 ingubated] fign 2 days al 20522 Cd{ y

ftor o g o gy lr'ee i 30,71 S M mRdiyrcaopiin tn 4 beffes
ggsc?fﬁe Y8 vet %c a‘r g shar@iagtra S Brkesrr"ﬁg%fp'aff°'t%&1r§ffr?£r .

are st at bI g BLEfQ :}0 Strain Yeasa Y t hi
Tot al pl ggEglj;han’a aé:v e ?;{%rn ions (EI‘ plgn;? ct)%wzerrf carrlect 8ltgtr1cc<1r in f E@E c{sg O%sq anthin
| rCBS

5.3 Exa calculatlo ATCC 24261

3.5 10 The tota nt in the noI extlla determ%%g bP%EctﬂBﬁotometncal analysis. Tr% agsorptron

5. 84 0 ml e§tr£t mmu ﬁranol was measured tolb 1.189. The vollifle of the 3150
3.3 I% 26 }p-188 total prgment con%nt]m the yeast extrac?eﬂlated by ?a%ih @) asfolldws: 0

40 EXAI\/PLE 7 Fed- batch fermentation of the nutant strain CBS 215-88 of the
I nvent i o' weIrgo & 80 I 2160l 28Ut 101080 RGmLCORB24/met eep sol id and sucrose as
carbohwywdrate sources in the sane 4 [err] fernenter as described in Exanple
3. The siibe yeasiairy malten was detanyined to 1@ 6k700/IC Thertotalt pigaentsohterd pérdy of yeast dy anatid is
di anmoni detersirieg hafoanBX2@ as foflansasi um di hydr ogen phosphate 1 - magnesi um
,sul phate 0.05 g biotin 300 m antifoam Contraspum 210 1000 | water 55 was
k%' l i z&cF 8§Z/§HX4'Q9059/9|11}%€#9/9n of steamat [err] for one hour and after
i to errJ 6x1 | CBS 215-88 propagated as stated above was added as
i nocul um‘heA‘f°P‘éﬁ" refign 9h astaantiin iny e pethaqol wasdeterpiped Ry KRG prabis g \Pedt4 48EY ose

sol utron°?’(?s'§19 '81) was started. The addition rate was 2.3 |/hour. Aeration
d t |1 tarted t t

40). ynen o ehofs e R ReRibF BT B 22 Ep 07367 765 B1 medi um

was decr Q\ﬁ%ﬁgﬁs \g rf J%% ajnd %AI @é 1ine{he %ﬁm@%ﬁ&r a& %@scﬁ%&raﬁ‘g\% %H@%Lag nt and

i ncreasedyt.Q ety gg{ed lTabilgs rate for ours ter
sucrose supply was term nat ed and the aeration rate was decreased to 4.2

m8/ m nute and continued for 72 hours. yAgiget Ot al pignent and astaxant hin
we( e dgterm ned during the fed-batch fermentation, giving the values stated

in Table 7. 5 TABEE—F
"~ Strain -1 Yeast dry matter g/l Total pigment Astaxanthin

wg/mi ‘©®glg ug/mi g/

CBS 5905 53 1.38 260 0.84 160

% ATCG 24261 55 2.10 380 | 138 | 250

DBT 406 22 5.84 2650 34 1540

DBT 403 1.6 5.04 3150 33 2050

CBS 215-88 74 9.52 1340 6.2 880

EXAMPLE 7

Fed-batch fermentation of the mutant strain CBS 215-88 of the invention were carried out using corn
45 steep solid and sucrose as carbohydrate sources in the same 4 m?® fermenter as described in Example 3.
The start wort consisting of
10 kg corn steep solid
12 - sucrose
10 - diammonium sulphate
50 3 - potasium dihydrogen phosphate
1 - magnesium sulphate
0.05 g biotin
300 ml antifoam Contraspum 210
1000 | water
55 was sterilized at pH 4.6 by injection of steam at 95°C for one hour and after cooling to 22°C 6x1 | CBS
215-88 propagated as stated above was added as inoculum. After 35 hours' of aeration (4.2 m%minute)
supply of sucrose solution (0.30 g/) was started. The addition rate was 2.3 Vhour. Aeration was incereased
to 8.4 m3minute and the pH-controller started (set point 4.0). When the sucrose concentration in the
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Fed-batch fernentation of CBS 215-88 10 Hours of sucrose
supply 28 EPDAsrgesB10of aeration after term nation
of sucrose supply . 6 [err] of total pignent/m culture nedium

14.1 37.7 43.4 [err] of astaxanthin/m cul ture nmedi um

2 3 4 29 mpdiym was decreased to about 1 g/l afier 28 hours, the sucrose supply was mcrea;se@)to 731I/t(9ur and4. 0O

kept' at thl%l’W V(grl\pﬁ Ro a‘l‘gfreqjtps, syerpe® Sppply was terminated and the aeration rate was
érggv{te °?H§ qdé?r 72 hours. The total pigment and astaxanthin were detgrmijned o/,

7 69 % w \Hegfe?s\ﬁ%
wwtr Eha|d(lj e?l aé fermeg}at gtvglp the values stated in Table 7. 4.4 The yeast

cells wlre separated fromthe nedi umb g@ns of centrifugation in a De
Laval OA5M 20 centrifuge and washed w tﬁ ter twice. The yeast was

Separat ed fromth \IDQQf r‘rn:\mhﬂ nmeans of filtration in a EILITROX-fil ter,
type VARI OX 40/ 40 cm and t he fFﬁdtbetCh@mwntqflCQ%ZWdry matter whs extruded

throughya 1 nm siEysurd & sikrés8BugplyU! d_bed dryer (GLRR4, [Hghtijngen-1Bi nzen Bd.)
and dried at [err| b of B6rabh it BminabbRordidrd spgs| (91} 6% df glry|matter)
cont ai ned 25 36 6r thi@pighekte aliuBin@alamt / g yeast | day ety €r 4snd|1080 [err]
ast axant hi n/ g yeafshg eiagtatsthingh clivMBliGm8 30 Downpt reafmeps dcewsi g Yeast
cell s obtained by| phe nmethod of Exanple 3 were isplabed &0gm4de|fernented
wort byscent ri f ugiatd vow Nimyeastidey rhateal OASM centri fluge. [The del 1.8 \were washed
twice with water afkdwvie Py@dsyeastrdpamatiar t h 13% of yepst dry-r’rqttsarz s

obt ai ned. The pH pf+ whdehaiossin yeasediymaltes adj usted [o-4.0 by Jadd4tiion of 35
sul phuric acid, and sodium benzoate was added to a concentration of 0.2%

(W) N thernsosi SRS sbidfaiol romo tricBin By hedil of BRuiuSRbAIES DS93%H oRGH! S,
these W eMifsY ard WshedOBNWatd? \(bo. Vo FBast RadI5RUBIBA HEMIRY Pddbt AbarPly ARbrisad Of
the ast axamiationin & FILTHEX-510Q Spe VARIOR 40/2016h brititthd RBRKNith 28.3%0dy ek wad ox@ifelt
[err]. Thahrywht1 mredsteWwns IsbLidjdat @iet (GLATT, dRItINRE-BRgMSBA) HhO dAdY & 30YG td? 150
consi st i ngninftesaTheARdY ¥east (9 118%\dEdryAhatiard cantpirad zer- provi ded with a cell rupture
val ve apd a 18saug ért bigmewg yedsedremttive yeast cream was subjected to
disintegramdon at a pressure of 700 bar, whereby the tenperature increased
by 10-[err] bﬂ@@lusaﬁ@eqhieweaewmgri n the heat exchanger so as to obtain a
tenperature o |ﬁ'éerr] . The yeast creamwas circulated in the systemat a
rate of 29AMPHE8The astaxanthin content in the disintegrated cells was
défermgped as follows: 0.5 m of honpbgeni zed 45 yeast cream was wei ghed
out and tr%ﬁ’f@féeraf"e‘ﬁ"‘ieﬁs”y Sarstedt tube and shaken with 5 m of acetone The

sanpl e was cgnt ug)g; nsf qu 3 te ¥ r?

washes 3 g, aeiﬁ%%a e i %%Eﬂf?fé ity by

1'and 23%%‘5511, 3“535% %ﬁ?&d&m ey vslet Camrn%“?
i th

was 1 el at qgh éﬂ‘éof e VoclBUShE o e Niré Bhack B nk,lasensea )" G BvehBSbstantia

det er m neex.baf.oﬁ Braind ERiaRhinGoX e Fbd3E8biid, BB @nbetktive ¥R kedBl 51 @ above. By

conmpari ng t NeneGehst aieh MaLsdptioX Rthrbd Passegtd Bidligh dkytatbﬁ YRRy f LS APY-Gaulin MC4
honpgeni zadmagenaérPravided Witht &Il RipRiftiaive Mt itkiCoxtahdbr Whkte 5O PéaB treaimwa S@sfdcted

cr eam d® as pisineglatoy at &1Eresstre ROTHobakivrseby! thete®pdrittre Weregsed 61TH0-e2 €l ayid subsequent

di si nt egr abelitg inttheehedibactmage So abi ts bistéie g tetrtpbratoreioh 15 IGe Tiprveast crbaniwasqibugatatds the
det er m neckyttem biea rateoB250 N 90% of the total cells. To the cells thus

di si nt egr at ethe asiakanthinceshtprt inthe alisintegraiod ¢olisi waln deferminsd @ follg; 85 m) ofi hampgenized
casei naje Vet cogn Age @diobad ot o pferredrie agtarsiggbiybe f'@r#hfkewtl' & mJtof pestangy Thghe
yeast cel |SPMBIPYi g%??&'t"&‘g?tﬁ’ Hensioned @ \qim! H’agl@fﬂdl&‘%‘lné%{sfé'ﬁ Waghad fdiges ‘M‘E'r?"%t?ﬂ? “@Et ed

t dPYeRt cﬂltrgugg 5 'Itat'l‘ﬁ trapﬁ 2hFid gﬂt&oqtqqt W? PBlerinpd
tgrr;gg{u Sﬂ’ "’°° %(s: g 'aﬁ% tB t° %’é ay
wheel and g°5 e’?éﬂehej';lﬁ pth

tent i

é*aad?tefr"g'ed
= et et b pEa ) %ﬁ%@ ?Q%% e
of 2 cycl diR el mhbysea i e n Y el el Exa\%ﬁ <5 Satommild Pn ¥

ght. 2 han 90% of the total cells.

To the cells thus disintegrated, which cells were covered with nitrogen, 7% of sodium caseinate was
added at a temperature of about 45 °C while stirring. The yeast cell homogenate in admixture with sodium
caseinate was then subjected to spray drying in a spray tower of the type Anhydro in which the inlet
temperature was 180 ° C. The yeast cell mass was atomized by use of a spray wheel and the temperature of
the air let out of the spraytower was of a temperature of about 90°C. The resulting yeast powder was
recovered by use of a cyclone. The water content in the yeast powder was less than 10% by weight.
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5
_EP 0 367 765 Bl EXAMPLE 9 Extraction of total pignent with glacial acetic
acid s 20 g of non-ruptured EthaB67 eBDdozyma yeast cells (which had
been filtered and subsequently extruded into a fluid bed wherein they had
beed dried) having a dry matter content of 95% and containing 523 [err]

ast axantEXAMPIF ©f yeast dry matter were introduced into a colum of a length
of 12 cmand an inner dianeter g‘ 4 _‘im The col umm was equi pped with a

j acket \ﬂ’f@?‘&oﬂoﬁ\ﬁ?faéﬁg’ﬂfmé(”‘t"egl’ﬁ‘i@f%ﬁe ?8"' f [err] vvas circulated. At the
bot t om of the | r)
s o e A fha o%“ et

100 n 4 °am oGt A " y q‘%ﬁ% e R8s B Of
ast axant) clkemeee.n ?of%ﬁm@eﬁétﬁ&' obRABwas el |
mat er | alcu' halh Fk’tq biticidNesHoll Sand ¢d fand MiGBwBd &tfinded oh he
col unp) g, nglgyt b @g tc e/eﬁ)gacﬁ'&ﬁh h)ﬁ@@ﬁfo ek laéi@ laediic atid A d tdaperature of
evapor atAgdg Lfq qneYdﬂfoﬁﬁ of Eﬁ&hﬂtlﬁ if&hch Bf thé exti@cty aQWellrﬁ%tuefhb aktjacthe enstecell Imaterial

ast axant ﬂ:liihl ab 6t 10 AL df glciN@Seti€ adid lefeiniglin the dolemi)ads Hétermined Thé evttrecied yeastabl e
8 bel ow. ce|15\at lhed BeehOevhpdratdd BSdrinesd résulingC BNt6tBtg bihmyterial tbefoel the pstaxanthin o

ext r act idafdrmination was caniéfdoufj Tie fadiikts prerstajed in Table 8 below. 10460 [err] 25 Astaxanthin

contegt in 30 1. extract 100 M x 55.7 [err]

5570 [err] 2. extract ]800 m x 14.6 [err] 1460
[err] 35 3. extract - TABLE 8 100 ml x 4.4 [err]

440 pg 4. extract : 100 M x 3.1 [err] 310
[err] Total astaxanthin content of extracts _

7780 foerr] ExtTactedyeast certrmateri al

16.16 g x Z2té8l [astakanthin 363.6 [err] Total astaxanthin 50 content
rel eased frQmyash félskScdly the extraction

8143.6 [err] 55 24 EP 0 367 765 Bl gF 77. 9% &g@? 6/ 10460 x 100% of
the ast axaTAPR WCoREEACTEMN t he \A0a8tX O4P |8/ Fas el d*®y the extraction.
EXAMPEE 10 5 Rupt uri ng of yeast cells by honpgenization in a ball mll
Phaffia rhodozyma yeast cells, which had been dried in a fluid bed and

whi ch was found to contain 336 [err] of astaxanthin/g of yeast dry matter,
was suspendetaksnthdn dredenviiln in a concentration of 40% 10 (ww). The
syspegsion was punped to a ball mll (CoBall[err] - MIIl, type MSZ-12)
contai ning zirkoniumballs

1. extract 100 ml x 55.7 pg/ml 5570 pg
2. extract 100 w1l x 14.6 pg/ml 1460 ug
35 3. extract 100 m1 x 4.4 pg/ml 440 ug
4, extract 100 m1 x 3.1 pg/ml 310 pg

Total astaxanthin
content of extracts 7780 ug

Astaxanthin content of
45 extracted yeast cell
material 16.16 g x 22.5 ug/g 363.6 ug

50 Total astaxanthin

content released from
yeast cells by the

extraction 8143.6 ug
56 :
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b i

(0.1-1.5 m and having a bead-filling of 70-75% The bead of the rotor was
13 m sec. Sanples were taken afterEreagdsr 76681 and t he ast axanthin content of
t he sanpl es was anal yzed on HPLC. The tenperature in the ball mll was kept
at 40-50 C._Simlarly, a suspension of the above dried yeast cells in 75%
wat er was tr@ds dG%{8HRE1YEP K 10R%) of theesteranthin pontent af-theryaest cellskasdplessed B the he
rotor was ®f8¥Psec. The results are stated in Table 8, wherein the

ast axant hi(él(ﬁﬁ&%ent is stated as [err] of yeast dry matter. TABLE 9 20 60%
soy bean Y water 1st run 221 179 2nd run 308
192 3rd° conparison, only 23 [err] of
ast axant when the dried yeast was

treated withoame RERByH Jealtlcoldfiln NilaodH lriel Hfa Rilid Ui MAGRILR waO FTRRAER! Bmbih ON-
By the expgs Lyenhstdxhnthivg SN§uALt & ﬁi&tte%%&%tsu ohddl n 5dy tel oipﬁréj contentratidh ©f 40%

suf ficign w%T@&@&si& waslEatnBel to @l dalf miichedial Mill Bbs! MBZ2%) domGiniHg AkbnidrPbdiis
EXAMPLE 130486 i) 8ndavihd & Bead-filling of 76788, T8 B6adQk the Adidl wad)1Fh/eebX SdMdits WefeQike® Nt S
Wer e prepafie@achris ahd Hhb a&tS@sthinasntenBel ehel safplbd Was dAQYERE 6F HAILC. frheBmbaaicle s | ne
16 fr om Daabdill wes kept 4t @glboder , Brande, Denmark, which is a m xture of fish
meal , soy nesihijarly,iasdosp@hdion of ¥orabele diriedpsabt, cellsct 75% watainghs\tiehtedrinnigs bah ndilh & thior m
of a preniteatmd/artheospsedaaithe nite waé 1@msexant hin were added to this feed. The
ast axant hi n Thasesulistarg siatet! if Tahin §2wheréin the 2staxanthie eantente bthted gehigidhof lveast dve atteyr own
in 40 the sanme nmanner as described in Exanple 3 and whi ch had been spray
dried. The spray dried yeast cells wer ®8ESpared from 28 kg honogeni zed
ygast cream which had been m xed with 0.475 kg of sodi um caseinate
dissolV&d in 2.7 kg water gt aboufl ¢ sdy beanit(J635% gateiR] NDTEK MOR 50
containing 2 g of ascor byl Hate—ang—t—of t%w;h,rols from soy beans

oun

P Y5 pos py romprentrll g b

was enul gated in the sodium %ts',r'éﬂn ate ution. ThHE sofli um casei nate
solution (containing anti oxi (i'%r}gns was xed w th2 he honobgeni zed yeast
cream gpd the mxture was s led as descriibed in Fxanple 8. The spray
dried product (92.6%dry matter) contained about 674 [err] of astaxanthin/g
of yeast dr yF°nQQf@R§fis.°"-T9'i'_g! 2Btaasf agipfaethin/g ob vRraet dryagtien Warigundgvhem the dderhyasstivas
fish feed e¥eduthisgy basn 8'??["{""??&""‘5“8\"%7? Wianeeusfomagepigiien-of ast axanthin in the
fish feed (fR¥%he %Pﬁ%'“% It ds shaysm Bl abpyt Sripsp the balh mifleare, fyfficient tp Ojtain @csybstantially
ceus ai ndon PRI e et SBlant hin (feed E) was enployed as a control. The
feed E cor%&'gpl_ 1150 syntheti¢c astaxanthin in an amount corresponding to 40
ppm The féeds A-E had the follow ng conposition: 55 25 EP 0 367 765 Bl

TABLE 10 H 5 A B
C D #eé&n&cger%gt axanthin [err] feed 4.4 12.8 20. 4 39.2

Synt het#c ask@Xadtdf vilying astaxanthin contents wére prepared. The fish festt YraPM¥dd T ]R8 cofimercial
91.94 isiHRed ESbline> s fron9§ar§l8¢rrec§b%e§ @raﬁ&h Dg{ﬁ’mark. which is a mixture of f#h :Ia%al, S0 %&Q
8.79 8.1iérDoll, extrldddBwHesY, lobHirPs@ vitmins in the form ot a‘pRomix. Vériol®amountd -oﬁﬁkmxanﬂ% Wére
1. 71 Prot ebdbd%6 this foed. The astaxaftthinGvas obtéifeddfdm P. #bdBHma yéadt Eolis whiéhdhali®een grown in

the same manner as described in Example 3 and which had been spray dried. The spray dried yeast cells
were prepared from 28 kg homogenized yeast cream which had been mixed with 0.475 kg of sodium
caseinate dissolved in 2.7 kg water at about 50°C. 0.068 kg GRINDTEK MOR 50 containing 2 g of ascorbyl
paimitate and 1 g of tocopherols from soy beans was emulgated in the sodium caseinate solution. The
sodium caseinate solution (containing antioxidants) was mixed with the homogenized yeast cream and the
mixture was spray dried as described in Example 8. The spray dried product (92.6% dry matter) contained
about 674 1.g of astaxanthin/g of yeast dry matter. The spray dried product was added to the commercial
fish feed so as {o obtain the varying concentrations of astaxanthin in the fish feed (feed A-D) which appear
from table 10 below.

A fish feed containing synthetic astaxanthin (feed E) was employed as a control. The feed E contained
synthetic astaxanthin in an amount corresponding to 40 ppm.

The feeds A-E had the following composition:

40

50

55
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Fat % 17.59 17. 21 18. 62 20. 00 21. 19 Phosphor g/ kg
11.58 " 10.89 11.25 ° 10.80 EPAL36Y 1e5®Ien-free extract % 20. 15
20.53 18.69 17.57 15.73 About 60 rainbow trouts, each of a weight of
about 400 g, were used in the experinents with each of the fish feed A-E
"The fish were kept in cages and fed 38BYEMWi tum The water was of a
‘tenperature in the range of 2.5-Terr], the | ower tenperatures in the | ast
part of the fish flegsh ogu experinent. 20 Extractlon of astaxa thin fromfish
The equi pment used— '
experitrents. A rai
fl esh were wei ghed
t et r ahydr of ur ane

o |

'Jllal - \SAY; ’tOI‘y
was Ccut i At o :Eece< and 15 g of
12dhe| 264 (rlm my). 1% m of
Swthatitchetdxanthinexf r-act ijon agent. The fl st wqs furt her
di vided in an ULTRADWRAMer#% xer ang W@bsiedAdnt 199.5¢ 4rdnddf pgadsded. The
t et rahydrof urane dxAshdet was trangf¥er gd9edb gsge H18-4\5eaFM+0$ng flask. The
remanence was wasHe®peit 10 m 0 1t"@traﬁgj ®Parje?or (| 278 i nutes on a
248\ dfH uf 4R phase was
transferred to thd A2 urlngflas ia‘P%IO‘!? 8119y dr of ur ane was
added up to 50 m . g{gs rd% o ig n%gge (% g%r:bj@ d g% 0 evaporation
under 1@ nitrogen ?gjfreeeﬁ%e 35940 18 i bilation resi due
was redissolved in 1 m of nobile phase and filtered through a 0.45 [err]
filter. pri ébout §0 fainbow &routsa eedhyof ia weightRf @ awh 400ygs were 3Bed in th@cebpaniments with each of
_Li Chr osothp figtPiegBA-EETHeelish Wwere 8} i cabes andnfedvd lilitum pFg wvater was/q) artémiferstund io theci d
6 ; Wa{a@ge BgE1#1C, étemweaeepereteresiwemst errtcof tha ffighy fpading grperimertt| o 10
m 139 ection: err Loop, Rheodyne 7120 Punp: Waters 510
Det ect orEX’ac”"’\/%ftaé?aéa"A’B’i”W pectrophotorret er, 471 nmlIntegrator: \Waters
740 45 Det m nati on o h The coJ our of the fish flesh

was det er %?g” optiy B’meﬁt
rai tro t was utl | Ci s n I g ntr ub
M* nol tz 5’% tetra U ne gﬁfa gfllsh@ gjﬁ#ﬂgﬁ?& an? he
a*-value fF@r Qnt entrf ed s

(the negm }n‘é&um ﬁé@r? e9 vﬁtﬁ“rocrﬂ Q&l% i"?rﬁdueb oﬁ a

val ues dgicEiaR bath dnd &ﬁtnfu Q\mﬂ@{%{?& hydrofaiab $ha& vhs 1&(& e'rl'gd rﬂ?enﬂéa&ﬂm fi&io 6

to +60) HRsH SHUELRS tdrbid urheém 4 la@3¥d BN HOEAIL 16 Tml tolEofCRE 88!mi Wokt ubjebt8d to
a_y alssl€evaBorstion lufer & AtrdgeM biverlal a tdnmlrafarVer U @ltrhd dvBsoRativh fobi@Uétwas KddiRsoNaE in 1
honogeni meét mobilecphbde@iidififered @nréligh @025 AmINEIPIG NER®r BRRKSs.Whi ch was put into a
smal |l petri-dish (of a height of 1 cmand a dianeter of 3.5 cn) so as to

occupy t HeLGaaprdis 55 vol une of this. The surface of the nass in the
petri-dish was snoothened out and covered with a glass plate, and was then
ready 3§ or Gohminysi s. 2EhrosorERP-08, B, 285 A mn t he fol | owi ng Table 11, the
dat a of t Hdobfl¢ phgse: eedpﬁfoe\xmcrq ment are stated: TABLE 11 5

Anal ysis of fish fed®?®¥wa® days [err] of asta- - wei ght of col our
of xanthin/g Ehm| gthy, cetdts fish of fish
fl esh g a*) 516 mi acetonitrile

Flow: 10 mi/min.

Injection: 20 ul Loop, Rheodyne 7120

Pump: Waters 510

Detector: Waters 481, UV-spectrophotometer, 471 nm

Integrator: Waters 740

Determination of the colour of the fish

The colour of the fish flesh was determined by the L"a'b*-colour determination method by use of a
Minolta Chroma Meter Il. The L"value designates the light component, the a™value (ranging from -60 to
so +60) designates the green/red component (the negatrve values designating the green component and the
positive values designating the red component), and the b*value (ranging from -60 to +60) designates the
blue/yellow component of the colour. Only the a*value is stated in Table 11.
‘Rainbow trout flesh without skin was homogenized in a blender to obtain a homogeneous mass which
was put into a small petri-dish (of a height of 1 ¢m and a diameter of 3.5 ¢cm) so as to occupy the total
55 volume of this. The surface of the mass in the petri-dish was smoothened out and covered with a glass
plate, and was then ready for analysis.

26



10 Feed A 0.50 380 1.45 0.60

434 1.12 0. 65 Epo36-,-36%231 0.08 15
0. 60 580 0.48 392
-0.02 Feed B 1.45 343 1.53 0.15
385 In the folloviingDERblg 31, the data of the fish feeding experiment are stated: 0. 20
298 -0.52 1.00 388 0.52 0.60
317 -0.33 Feed C TaBlE 11 O 75 . 471
0.00 25 0.85 290
1.20 0.%5 328 Analysis of fighpfed)fey)l6 days 300
-0.38 0.75 359 -0.38 30 Feed D
0.70 258 +4@. @D adtats weight of 643 colour of
0.72 1.00 369 xanthingg 05 (.fAGh in g k711
0.50 0.30 382 °f £1sh0. 10 35 Feed E flesh (a¥)
0.25 34 0—80—0- 339
0.12 0.80 405 : 0. 98 0. 5
0.36 1.20  T**9* ‘534 o ey 1.18 4ci€é 5 50 55 27 1'{§P 0 367 765
Bl TABLE 11 - continued Anal ysis Qj‘ﬁgl sh fed fgrz 23 days 5 ﬁéég] of asta-
wei ght »f col our of xanthi ry.go fishsgon g fol.g of fish
flesh (a*) 15 Feed A 0.65 (395 -0.658
0.76 0.60 571 - 1.00 0.40 535
0.26 0.50 Feed B 469 1.45-0.50 0. 23 38653 ,
0,06 20 Feed B ep¥10) 385 348 0.05 0. 02
0.70 = 325 - @28 0.75 298 500 -0.52 1.32
1.00 388 0.52
0.60 317 -0.33
Feed C 0.75 471 0.00
25 0.85 290 1.20
0.45 328 0.23,
0.30 300 -0.38
0.75 359 -0.38
: Feed D 0.70 258 -0.20
~— 0.45 643 0.72
1.00 369 2.05
0.70 450 0.50
0.30 382 -0.10
35 Feed E 0.25 374 -0.80
0.60 339 0.12
0.80 405 0.98
0.65 579 0.36
1.20 534 1.18
40
45

50

65
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0.75

_ 355 0.16 25
0.50 °* 406 EP 03887d581 C 1.25
356 1.25 1.05 464 1.88 1.05
317 1.98 30 : 0. 25
301 -1.44 0.50 329 . -0.44 Feed D
0.50 287 TABRE 11 o qeptinued 380 1.34
0. 45 436 . 0.6 . 449 3.38
1 85 409 analysis 306k A3 for 23 days 2.00
487 ° 4.08 0.50 429 0.82 40
0. 35 673 2.53 1.20 : " 441 3.16
1.15 404 pgloO@sdd 50 wabgitS8of EP Qolar o5 Bl TABLE
11 - continued Analysis of fishxaechihgg 30 ddyks ib gerr] dishast a- wei ght
of col our of xanthin/g of fishsh in g f i shfdesh (ah
flesh ' (a*) 10 Eeed A 0.80 410
1.12 0.60 448 -0.78 15
0.50 409 1.50 0.55 483 1.40
0. 65 352 —40—FeedtB .75
344 45 Feed 4 0- 35 20 0.65 668 Q.26 410
1.17 0. 45 547 060 0.40 05735 1466
2.20 0.95 228 0.40 2.14 2835 - Feed Co0.26
1.10 517 0.3030 0.95 469 - 405 -0.50 1.48
1(315 381 0.2026 0.75 386 330 0.06 1.48
0.795 20 : 413 1.80 30 Feed D
2.15 Feed B35 0.4010 0.85 348 384 °-°§ 1. 68
5 10 363 o.@o56 325 0.1
0.75 500 1.32
0.75 355 0.16
25 0.50 406 0.18
Feed C 1.25 356 1.25
1.05 464 1.88
1.05 317 1.98
\ 0.25 301 -1.44
— @ 0.50 - 329 -0.44
Feed D 0.50 287 -0.14
0.65 . 380 1.34
0.45. 436 0.62
5 1.65 449 3.38
1.85 409 3.26
Feed E 2.00 487 4.08
0.50 429 0.82
« 0.35 673 2.53
1.20 441 3.16
1.15 404 0.90
45

50

55
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{

1. 70 423 3.70 1.00 348 1.92

35 Feed E 1. 15gP 0 367 765 B1 390 1.84 2.10
427 4.00 3.00 433 4.14 0. 40
337 0.02 40 0.55 |
342 0.85 45 50 55 PO3677. TABLE 11 - conti nued
Anal ysis of fish fed for 43 dayszrzm[‘aerlr%]' ggg%gggdl wei ght of
col our of xanthin/g figR1jdisdof fish fediteh W abyssh
flesh (a*) 10 Feed A 1.00
2.50 0.560 300 -0.56 15
0. 90 848 - 2.32 0.50 417
0.16 0.45 385 g 251135”54 Fg?icﬁhlia of ci?lour of 0.75
623 1.94 20 xanthin/g sh in g i
352 1.88 1.00 of fisko0 1?@0‘."?&
484 1-52-0-95— il —F8—25 Feed
C 0.75 604 1.30 0. 90
480 Feed a 1-84 1.20 0.80 540 410 2196 2. 20
444 4.78 1.35 0.60 414 448 Oo 7 30 Feed D
1.45 45 471 0.5 66 2.10 409 436 1.50
6.61 2.15 508 0.55 5.56 3489 519
6.04 35 0.65 1.15 352 381 0.40
1.72 Feed E 1. 20 512 2.40 3.00
4&3/ Feed B 4. 84 4.30 0.75  g34 344 820%13 40
175 2 474 03%3 3.70 #9517 g'us
5 46 45 0.45 547 .
0.35 493 2.20
0.95 228 2.14
25 Feed C 1.10 517 3.30
0.95 405 1.48
1.55 381 2.26
0.75 330 1.48
0.95 413 1.80
— Feed D 2.15 635 6.10
0.85 384 1.68
2.10 363 0.56
1.70 423 3.70
1.00 348 1.92 -
35
Feed E 1.15 390 1.84
2.10 427 4.00
3.00 433 4.14
0.40 337 0.02
40 0.55 342 0.85

45

50

56
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5_0. 55 ?;0 EP 0 367 765 Bl TABLE 11 - continued Analysis of fish fed for

72 days 5 [err] of asta- we Egli 3671765 B1 col our of xanthin/g
fishing fish 10 of fish
flesh (a*) Feed A 0.55 409

1.08 0.70 628 TABLE 11 - congirged]. 95 1177
3.84 0.70 663 1.42 1.65 401
1.34 20 Feed B Analysis of fish feqd fpy 43 days 386

2.24 0.90 _ 666 2.46 0.30 507
2.46 2.05 -~ 585 4.90 1.20 518
1.52 25 Feed C of ésjth;[S w 70tél'olour of
2.40 1.80 415 e iny 4.f3§h§886 oo of 739
9.36 5.00 451 St fisn T 1.2 & flesh (a%)
4.00 ,, 594 5.48 Feed D

1.15 v vy 2. 32 2. 05 S

6.98 4.25 493 8.40 35

4. 80 Feed A 612 1.00 8.24 4285 2.50633

6. 66 Feed E 0.603. 05 300 627 -0.56

6.32 & 75 618 0.90 6.8386 40 2.32

4. 65 507 0.50 9.78 %195 0.16654
8.56 45 The results show t hat th&.4ast axant hi 388f each of tHe5ki sh feed A-E

has been absorbed by the fish and that the fish flesh obtains an increasing
rQ%. pi gment BaedoB wi t h i ncreasi ng@d¥ounts of #2Baxanthin in %HRé feed (feed
A-D) &d with increasing tinme ofl{f8¥edi ng (as 38Bserved by tHe88*-val ue

(desi gnating the red conponent of-%he col our ¥g% 50 Furthéf, the above
results indicate that the pr eseng\gsof astaxa?g?i nin the fe]egzd'o not affect
the gromh of the fish. The fish vere also sififected to vi Udf exani nati on
and e geperally found to be of .an attracti red col our. ter 43 days
of fgggdi ng,P%eu Et antially no diffelence was Q‘;gerved inth 1'%:;)gmsnt ation of
fish fed with feed D and E (contgijy ng about ppm ast axanfy.n produced
according to the present inventig®ngnd 55 40 gpm synt hetic gsigaxant hin,
respectively). After 72 days of {egding, subghgntially no dyHlerence was
olseryed in the pignentation of fish fed with feed C, D and E (containing

about 20 pppeesbaxanthin 1.45 471 3.66
2.10 436 6.61

2.15 508 5.56

_ 3.00. 510 6.04

35 1.15 381 1.72

Feed E 1.20 512 2.40

3.00 452 4.84

4.30 634 8.04

© 1.75 474 4.43

3.70 517 5.46

45

50
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pr oduc&i accordi ng to the present invention, 40 ppm astaxant hin produced
according to the present inventiongp eBdnléBppm synt heti c astaxanthin,
respectively). 31 EP 0 367 765 Bl EXAMPLE 12 Fish pate 5 A fish pate
(sal mon-1like) in which astaxanthin is used to inpart the red col our can be

made according to the follow ng regcl Cod sgra
71% Q | TABLB11 3089 inded

4% Gri ndsted Protein 177* .
1 % Ast axant hin ) Analysis of fisé. %%1%&272 days

Water, Preservatives and spices up to 100% *) Gindsted Protein 177 is a
bl end of 75% of Grindsted Protein 100 and 25% of sodi um al gi nate. 20

The astaxanthin was di spersed in Lpefoaktphaseseifhe & i ndst ed1fliobei n 177,
starch and other dry ingredients \Q@ﬁﬁuayged afg:ghtb@g‘l sh weish added to a
colloidemlIl. Then, the oil phasepftfighdry ingredi ents and \fdésh (uR)ye
added, and processing was continued in the colloid mll for about 10

m nutes. The pate was filled into tins and subjected to heat treatnent. 25
Red dressing A red dressing with an attractive red col our can be prepared
by conventi ofeéd et hods fromt he Pe%% owi ng i ngé®di ents: 30 1.08

Rusk

Q 15 0.780. 0% Tarr n vinegar 4.02

12. 3% Tomat o paste 1.95 8. ¥¥/Mayodan DC *)i 84

0. 3% Sugar 0.70 8. 09555

Sal t 1.65 0. 896 Ast a¥¥nt hi n L. 3

0,01-0. 5%V\a reservatives an ices up tg,, 100% *) |va 9 n DO err]
is ast%[blll endfromGrinds% Products . 40 Clalms L APhaffla
rhodozyma yeast cel I which, when ¢ under cggitions corrpzl 4 Ng an
oxygen transfer rate 45 of at 2I st 30 rrrmf /1/hour on [r§go YM nmedi um
at 20-[err] for 5 days in 500 m - gﬁe fl asks gh two bafflgSggontaining

50 m of the medi um and subjected to or bi tal shakl ng at 150 rpm the

i nocul um bei #ged@ [err] of a foun deys old YMeul ture, prodgcgs
astaxanthin in an anmount of at |eassp600 [err]aper g of yeast gy matter,
determ ned by HPLC anal ysis usingsapgoe astaxantdgn as a standassél on a
met-hanol extract of the yeast prepad@d by subj&sXing a suspensgedn of 0.2 g
ofi_yeasj dry matter in 20 m of s&.00 nethanob% o 5 x 1 m nGté&s of
disintegration at intervals of half a mnute, the disintegration being
perfornmed at Feeddhperature of at tlhé5nost [errg 4n a glass b&.B2nmi ||
containing 15 g of glass balls ha\2i~ﬁg a diameték* of 0.4 nm $h8&88gl ass ball
‘m || being provided with a cooli ng' cket with49te water. 2. 8a%Qeast cell
accordi®g to claim1 which is a y&as? cell belg ngtothef%t strain
deposited under the 55 accessi®of’No. 224-8 S, to the )fe t strain

deposi ted un%er t he accessi on No. 28 87 CBS, 5 t he yeast st n deposited
B4t o 63 B27 &8

under the ac 215- 88 CB% r a nmutan poly deri vati v er eof which
40 4,65 507 9.78
5.95 654 8.56
45

The results show that the astaxanthin of each of the fish feed A-E has been absorbed by the fish and
that the fish flesh obtains an increasing red pigmentation with increasing amounts of astaxanthin in the feed
(feed A-D) and with increasing time of feeding (as observed by the a™value (designating the red component
of the colour)).

50 Further, the above results indicate that the presence of astaxanthin in the feed do not affect the growth
of the fish.

The fish were also subjected to visual examination and were generally found to be of an atiractive red
colour. After 43 days of feeding, substantially no difference was observed in the pigmentation of fish fed
with feed D and E (containing about 40 ppm astaxanthin produced according to the present invention and

s§5 40 ppm synthetic astaxanthin, respectively). After 72 days of feeding, substantially no difference was
observed in the pigmentation of fish fed with feed C, D and E (containing about 20 ppm astaxanthin
produced according to the present invention, 40 ppm astaxanthin produced according to the present
invention, and 40 ppm synthetic astaxanthin, respectively).
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_ E 12 Fish pate 5 A fiskprade? 76s6@1hon-1i ke) in which astaxanthin
‘is used to i mpart the red col our can be nade according to the follow ng
reci pe: Cod scraps 71% Q |

3% 10  EXAMPLE 12 Rusk _ 4%
Gindsted Protein 177%) 1% St ar ch

1% Ast axisit patd 0.001% 15

Water, preservatjves and spices up to 100% *) Gindsted Protein 177 is a

bl end Sof 78dshpatécisaimensiikeldn M'ﬁtaéﬁaﬁmmos usAd|todmparihe red eniqynra|bgimade cordipa to

The ast aRafliawing geee: qi spersed in the oil phase. The Grindsted Protein 177,
starch and other dry i the fish were added to a
colloid mll. Then, the OCodscppsise, the dry ingrleditents jand water were
added,, and processing @il continued in the coll for about 10

m nutes. The pate was fliRéskd into tins and subj heat treatnent. 25
Red dressing A red dress@fingstad Prteilar78x tract i ve qur can be prepared
by conventional nethods $#6M the foll owi ng ingr 30

al Astaanthin -~ 30 0% Tarr{a 8&0% egar

12. 3%sTomat o past e Water, preservatives and spices up tg)ol, @d an| DC)

0. 3% Sugar " Grindsted Protein 177 is a bleBid 6f%5% f Grindsted Protein 100 and
Sal t- 25% of sodium alginate. 0. 8% Ast axant hi n

0.01-0. 5% V\ater preservartves and Sprces up to 100%™ ) Mayodan DClerr] is

a( 5§ abi | | 2qpe LSBT WaEahdadSh 98 & o Rritist %SEA#H% SJa hAé BaHef by

MY NN ook R s iy ae%bc efa&a r'r'mpe rhi B F%m bt
oxygen tgaRafeEers ﬁécﬁdjaﬁd proceséitg s &Hﬁo R.H.u& SOpatddiedi um
at 20- [emlsdmfoqr.sgnddau&tgdno@apmmmeﬁmake flasks W|th two baffles containing
50 m of the nmedium and subjected to orbital shaking at 150 rpm the

i nocul unméaedrexging00 [err] of a four days old YMculture, produces
astax&hthin in an anount of at |east 600 [err] per g of yeast dry matter,
det er m nedAbrgd ldRis§hgawith ws iatiractiss mggl gnioue cars bapepdréd by @enventisiah mathvds foom Zhe

‘et hanol folewing ingtediefts:t he yeast prepared by subjecting a suspension of 0.2 g
of yeast dry matter in 20 m of 50 met hanol to 5 x 1 m nutes of
diisingegration at interfvghs of haltT a mnute, €3dles! Mt egrati on being
perforrred at a tenperat urgg&nvﬁ.ggg,he nost 20 CJi nyggegl ass ball m |
containing 15 g of gl asisthmad gasteavi ng a di anetqr ofesh). 4 mm the glass ball
m |l being provided w thMmayoasaddmg j acket with |icessate. 2. A yeast cell
according to claim1l | 8ligat S a yeast cell beldngismetg the yeast strain
depossd ed under the 55| sat accessi on No. 224-87 CB&S%to the yeast strain
deposi ted under the accle8saenthiNo. 225-87 CBS, (qr0.0H@&5%east strain deposited
under the accession No.| WaGr, 8@ssBBiiyes and spicenmpdnt| d00%lerijvati ve thereof which

has retained its astaxaniajbqRl BEBIS a3 QbifZPENd from Grindsted Products A/S.

40

Clalms

1. A Phaffia rhodozyma yeast cell which, when grown under conditions comprising an oxygen transfer rate
45 of at least 30 mmoles/i/hour on Difco YM medium at 20-22°C for 5§ days in 500 ml shake flasks with
two baffles containing 50 ml of the medium and subjected to orbital shaking at 150 rpm, the inoculum
being 100 wl of a four days old YM culture, produces astaxanthin in an amount of at least 600 ug per g
of yeast dry matter, determined by HPLC analysis using pure astaxanthin as a standard on a methanol
extract of the yeast prepared by subjecting a suspension of 0.2 g of yeast dry matter in 20 ml of
50 methanol to 5 x 1 minutes of disintegration at intervals of half a minute, the disintegration being
performed at a temperature of at the most 20°C in a glass ball mill containing 15 g of glass balls
having a diameter of 0.4 mm, the glass ball mill being provided with a cooling jacket with ice water.

2. A yeast cell according to claim 1 which is a yeast cell belonging to the yeast sirain deposited under the
85 accession No. 224-87 CBS, to the yeast strain deposited under the accession No. 225-87 CBS, or the
yeast strain deposited under the accession No. 215-88 CBS, or a mutant or derivative thereof which

has retained its astaxanthin-producing capability. '
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32 EP O 367 765 Bl 3. A yeast cell according to any of the preceding
clai'ms whi ch, when grown under gphfsgongigq ons stat ed in elaiml,produces
astaxanthin in an amount of at least 700 [err] pe rIII

of
preferably at |east 1000 [err] per g of yeast. dry rratter Jﬂmmﬂlgluﬂuﬂu
| east RXAMMPLE®2r] per g of yeast dry matter, and nost pref
2000 [err] per g of yeast dry matter determ ned by the nethod stated in
cl ai mﬁ$hl8t£ A nmet hod for produci ng astaxant hi n-cont a| n| ng Phaffia
rhodozyma yeast cells or cell parts or astaxan- thin, npri sing
cul Bi vat ffigh Ratd Ealaerfpio wmmmﬁw.t@mﬁwwﬁaw@me 'E@\elagmm'ns:é?
aer obi e BN ®4R®ons in a nedi um contai ni ng car bohydrate sources,
assim | abl e 50Urces of nitrogen and phosphorus. mcronutrients and biotin
or desthiobiotin at Cedgzedpait ure in the rangp @f% 15-]Jerr] so as to obtain
a 10 bi omass contjabhi ng astaxanthin in an|amdint ¢f at |east 600 [err]
per g of yeast dry Resk, determ ned by the pet4¥ed sfated in claim1, and
optional |y performng Grirssled Poteiral7&) of t he f bl | ki ng|(steps in arbitrary
sequence: - harvestingS@€hls fromthe culture[sol®as tp obtain a yeast
cream - opening the [cAfP@MiR o exanpl e rupt ufi H%zot‘%e cel | walls by means
of pechanical, cheni clalVeigh@resgrvatives and spices upta b JAFE| ¢ {reat nent and or
subj ecti ng the cells t © Geindsied Stotedt 77 &L g of 6% of Sindsied iPeotamthband pl as-
nol ysi s optionally w t BS%dicodiurorlginate.sui-t abl e agents such as detergents,
aci ds, bases, enzynesm‘ﬂmm osnol ysi ng agent,s
such as ﬁags?axamrq/vgé oRbétsdaTh ¥id B8 p ﬁff rind .g ra.I %#naarwsmc &rSarf ©
Obt &1 N RedMAERRRRIx6d, and b i Werb RGuel %ollofd 1.GRbr], tHeTo QAR Re &) irlgRGients
hom)gedﬂatn@ter P48 b&de@lnY ploBesSing\RsCdonthaéH iR e BlloicErhil ?di"‘ Qooa 0 minutes. The pdRSas 12% by

wei ghtf.ued)iﬁ@ﬁ,ﬁgaialsyb,aiedtt@ﬁeam&nem% by weight, - extracting astaxanthin from
the cells, the cell fragnments or the honpbgenate. 5. A nethod according to

cl ai mﬂhdcwh;smgl n the cultivation is perfornmed as a fed-batch fernentation
und® conditions where substantially no alcohol is forned, and optionally
wher e t ha reotdedssingp mithe @b ratttactive red colgur can bg| preraesd tanebneatinoblameitags ifismathe t he
nost goligwing ingredieate:abl y 5 g/ and nost preferably 1 g/l, preferably at a
tenperature of 20-[err], the fernentation or part thereof is perforned in a
medgum whi ch conpri sepojjol asses and/ or sacchaf oggoand|nitrogen sources such
as di ammoni um sul phat e rargéitegsn phos- phat e, | anaeai un hydr oxi de or urea,
phosphor us sources sug oo pasdoni um phosphat ef and.ogho$- phoric acid and
added m cronutrients pMayadaeb@h salts such as|naga®si §im sul phate, zinc

sul phate and 30 bi psugar or dest hi obi otin, the Bo%as$es optionally being
supglied to the nedi upSatparately fromthe ot her 08¥nponents. 6. A net hod
according to clainms 4| ésta@nthinherein the cul ti y&NO8%conpri ses a grow h
phase under conditi onjs Wakeheteseryativesighdsriges kel y W0%f i cilent with respect to
substantially all growyhageasbte @ Sstdbiiebr BlortPirom GrindstobmaaieRtagr owt h-1i m t ed
phase under conditi ons—where—t+he—grewth—redtmunrder—cont i nued aeration is
depfd ved of at | east one growth factor so as to enhance the production of
ast ax n during the subsequent phase. 7. A nethod according to claim®,
wher ei e subsequent growth-limted phase has a duration of at |east 40

about 11‘6 #lg rhoEcH: rna t]cgll %ﬁcIEQHJn%ro hﬁd&%ﬁlgﬁé%%p&fngﬁl Bxylgérmratnggr rptgase
prefer abij W% at0 28 %GR B1dBysRh S60F M3 flabksBitn | €St
1.2°%i ma%w K'ﬁneE” r’id Qﬂn ttrfé' efimMnk RO ctddNE ordHP SiRking 1 BB rgal) #88noculum

pref er ablp¥ing oAb of £RL da%mad YRUGuré probiuchs a@BEntHP n R neéf%b‘eh’st dodud defgs t he
producti gp éﬁ?ttcﬁ# Retbr, otehakdd HyNePLELRSRBURING pith agtSanthif 8s & sthriad We Atmethanol

growt h-| lemat:tes# tﬁ&@&ﬁt progadré B0Supjebig DsyBsnsion oF 2@ & ybat aytrhatbd i 20ihihdut  any
addbd i on nekhasdn o BUX Ni MiRdtesO b disictegration rat wervatscof thiale anmicite) nthe 4iSint8gratian reinbod
accor di ngefaomathygt @ tempbaiuresof 4t the radse E&ithint shglasgdals milceintainipg b @cdf axtbss balls

cul t i vat ihevingi ssdiaeidr [oti0.4 e thPllass hall milltiwino pyovidedwth avcaeling iapkepvithdescwatry yeast
cell. 9. A nethod according to any of -clainms 6-8, wherein the concentration

of ast axanehstigel] accorting t9iclaitht whithsis gtyeast cell belonging to the yeast strain deposited under the
55 accession No. 224-87 CBS, to the yeast strain deposited under the accession No. 225-87 CBS, or the

yeast strain deposited under the accession No. 215-88 CBS, or a mutant or derivative thereof which
has retained its astaxanthin-producing capability.
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50 | east 600 [err] per g of yeast dry matter, preferabl

[err] per g-of yeast dry matter, ¢plocgeri7es®1by the net hod smmH"ﬁmw lﬁ'ﬁ“",
1. 10. A nethod according to any of clains 4-9, wherein the yeast rcen
subjected to cultivation is a yeast cell as clainmed in any of clains 1-3.

55 11. A #etAweest agcascaidingfoaoy of theipracading ajdines-whioh, whee Q@Umé@ﬁ'tth%&q“QFP"BFtated '"

ast axant hi n claim 1.ireodites eaimentyib incanaEQuIt of #easta/48 110 gOIH °fplP%§F @V&BF‘ %{?ferﬁ'@%@tt

800, nore preeaslel0dhig part g Ploypast dnpmefter. epperiallycat 'egsfdf‘" 'é%gi' Eh a“°’ and
especi al | y &most Ré%isrﬁblwdﬂast[z’e?%sl Fp?é9° ot diy Laatier dgfeqmi |°é35%

2000 [érr P 0 367 6 pg sk

t d 3 .
pr ef er abl afthtg%f r éeas r "" 2rhodgeyy ecetscO|r Oé%?o%{a t ' on
bei ng deter 'fhe°a'“ V' i ﬂ(ré ta ' i

according td'8 3f"‘°§1“ ﬁ% ? B Blord $2) rdh f515-2§ §@Eﬁss i at 0
the culti vatg g 200 tar flﬂ astaxat IOb E‘:iofg‘t‘ B2 ﬁﬁ'g;rgfa%& il maﬁ&ddemﬂ;ﬁ&"
are subj ect eb(j)t m8Héd & tec§S ﬁvﬂrﬁ1 Qfd dptiéhallyOperiaiinigConb lof 8dvBraNd the folldwingtstdps O

the cells byl &Glenéd the cel ITs to an increased pressure and then

rel easi ng t-he._prRasing Solls RO tisleamfsean id dbtafildjeasiend, t he ruptured cells to

ul trafiltrati onghingih8RAIsAHo} SEMBES nINilgOh€ OMCANS byBineant bEmedhrical, elbmyjceianti/or

cells, 440 orzyhatiptilestnBg ahdier suBibdting g cansbh esartidatiay, tualysise bdnwlysie andior plas-

i ncreased pr essmbigsiogionalne witt addgies bingitdbiecagente s rag  detargents; LA0ids (patens ¢ngymgsr ay

drying or drum salgysisgniidneng supstancescdosoelybiag agents such paisalis andies plagmalysing Bgeatsn a

filter cake whi bdmogenizirigare celistte aeteitla herfiqgenatanhi ch t he extrudate i's dried, for

ex le in a f| dividg tectels: theycel fragmeetisyor thg, homogenate. rriefarphl te cwater capterz gf at the
riab which mast 18%edn welﬂhteueferﬁphaatﬁneumt Y?édbyd’l’e'%ﬁt ray drying with an oily

15 pha%agﬂ%PFta&Q"t@di"m @e 6?"P' “E?r"ei‘ Beoments gr 'i“’f‘ﬂfi’P?‘ﬂjtet he mixture in a

mll such as a ball stirrin tre

ast axaﬁt hifn 4 mehoq sreord IP | %é"’here"" ' l%' .g 1 Y#r gff%dqﬁ t‘%’zf)m;e §:°" ﬁT]d)Z;
honogeni zed %P?'W"%W’ %{ﬁ sE H? §' 'ﬁ ég;r 9 e Jhid EL‘?Jrany%C  0aBrap at 21
al cohol®such® 2 ma%n & 9%8 B porkchimdith & b wHicA o bibos
di ssol ved in glfgé ur PQ& nltr(% ,Q's &m'm‘o“luﬁesﬂﬁl‘(dtd"gmﬁmhﬁurﬁ‘%déem
such as by e xude v urea, phéspt Jnﬁcéohﬂ& W&l@h@arﬁlﬁbr{uﬁn Phokpha® #he IpH&nt

conprising g h%ﬁd |d éhﬁ%ae% b trieﬂs APhmér saifs! saetPatndgResiMSudhdié; dint Bulgha® and

ghagi al gy acet LiGindf békirfoBidtird tidinbiihss8 lopRRdily beingsip@ied td thd Mmédiuneddprately ifrom tef other
ruptured or wapb®nidet or dry cells wth carbon dioxide, optionally in

conbi nati on vmth organi c solvents, e.g of the above nentioned type. 25 13.
A met hod FCCArMbtHYY dcbor@ihgdtaTtididls aBe 5,ewiiordih thet culigdtion braprisgsea [meawtho phvase] undeder
oxygen- | i m t @fditens cihich @rssubstaritialiy Sufficiont with respdct tot substqnkially @ll geowth. copdiiéons aed ¢
at nosphar e baibssgues trawhilimieicbhbse umge cendiibnsyyehersrthe,grpwst megiyr uesler prptinad Aesatigh

ni trogen andisaeprivad bioat leistoorie cheowt ffctorssonast th Gahanesctbe aofigtienoofstarafinin dugie ¥,
wher ei n t he sybsauaent phgse.of t he whol e yeast cells and t he gl aC| aI 30

acetic acid-containing solvent is perforned at terrpera

3 '8?%%@ in
LEn'm o] tafl t the

freezing poi Atmedpd P‘P?e’d%lt%@ﬁ'm 6, \ghe@m tT“hs“P??@“‘?“hW ‘@th{'ﬂ“

the range of g%et’{sépﬁ‘%% %‘%ﬂ’ °"t te oSl ‘%:Il

ani mal feed L Raktlon
cont ai ni ng aﬂgfg,?a T as o ﬁa 515% eqq W:inﬁfﬁ Wit r%ferah;pop%rngq;ep
yeast dry m %j’suﬁg A Tk ey el 53 Ieﬁlt oliflor lodhe Wreeurd,

conbi natlon vﬂmf' stltuents preferably an ani mal feed,

wher ei n"t he ash aQI:JBLoﬂEQQ Qﬁyadf Rlaifd Mﬁﬁérelﬁfﬁb lySasOdoll ¥ébittted Edultivation IsS wild-type

constitute abhgﬁ &hddbs/n Q&myn%a@mgyggstgehe total animal feed conposition
dry matter, preferabty-at the nost 5% and nore preferably at the nost 3%

t he ot her g:ommatagcom@ft@a@bif Viaie iBagwiadircind eticdntration pirastaginthindmttie biomass is at
car bohygly at e 130800 Q6 el ob geabti Grip nivattar, preveredly, atlibasb @00TR@IPer 4(of yeast doygwetteh| e
flours, fatsdasmineasy fhb alathod statedid cieget abl e oi |'s, vitamins and minerals.
16. An animal feed according to claim15, wherein the

ast axant hi 10: @ondtiad racqmgjmpe@_gty of elping 4cP wmsthe yegs| ceb sybjested to cultivation is a yeast cell
as claimed in any of claims 1-3.

55
11. A method according to claim 10, whersin the concentration of astaxanthin in the biomass obtained is at

least 600, preferably at least 800, more preferably at least 1000 ug per g of yeast dry maiter,
especially at least 1500 L.g per g of yeast dry matter, e.g. at least 2000 Lg per g of yeast dry matter,
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are yeast cells according to any of clains 1-3 or parts th

el ls*or yeast cell parts pr oducgslolggr yéeBiet hod accordi ngmﬁmmmmtfmﬂ”m
4-14. 45 17. A method for feeding animals to obtain a reddi$h bl g‘marf'tatsl of
of their meat and/or of products produced by the animls, conprising

admi ni st er andgndsbpréfbrabl afi least 300011.§ perd of weestadnningityr, mmqeezraﬁmmwﬁtarw@a@y

cel | s or ctsbnaviical methesatalddin plgmdst axant hin in an anobunt of at [east 600
[err] per g of yeast dry matter, determ ned by the nethod stated |n c

1, the a8i Ameossecpeing i 31YI9BeIFgS Al bivherss xesﬁt Is.ggbsequently fp afmﬂﬁ

trout s cov\E'et‘l?"‘FFbﬁ‘ﬁ’ﬁ?q”?'ﬁeq“fw“bm"?%rphas@r otHiePr % PR Ghene" f8 a'"%l ks.

Pat ent ansmets%H%Elgaf lfé?c}%{?#/ Fu? Hﬁ fyze J ereavge %rrc]-)ssure an%nthé Ieg r]ie{he
en

Bedi a
sed ?.gfagﬁafaspgegwrsa@q4 o o i g g e

m Schuttelfl concent und
e 58" o R %& e B a2

| mpf kul tur  10Gyakonsh 38k o%ta-ﬁaag‘ﬁer%la Ethich M téH dxiMided, Sher whith SheadRiUaktd id diie€itdier
I\/Enge von mn dR 2 B00 bddd bPEEY Eyikef etrockenmasse produziert, bestimmt 34

P 0 367 765. Bhixing whole cell dried material which hds bedrl dried flalfiliilbed bdtyltrdy idrying Witd drldily* C
|— Hs S* du rﬂﬁﬁbe'ﬂﬁ’&ﬁsﬁdﬂﬁbie}’ﬁ&)r &it, A6 gﬁ&ﬁnbélibohmienmkmssdmas Hodliestiring Imdthie r
hergest el |t Wiighse the 6l BhcEielbEse Sstaiasthin ink thercily phasB,, 2 g Hef et rockenmasse in 20
m Met hanol & extrabtidgl raptéred tedis greferably beogesikddenith\organie sahents isadhias otkdiquont aher,
auf gebr ochen vagstol®, onen lalsphotisush #arhdshancihasivnt) of iseprapenol tehigie eeteanthiy dissotyad i nal
20 rCin el nertheQrgasicsgiedntriahd then aptionellygemeying tf@sa‘!ﬁﬂtl%!‘ ps by avarerafigm Dur chrresser
VOW 024 mm entebirasting whalarcellsyéth ejsplyentcomprising glacigleacetingpie o Qptain Eegakingersitd e
Mt ei nem KChiinhnglerial gpatic pridgpntaisiog solye8lyest at t et war |
Ast axant hi n alsspegrifica grtaction ohaRiEed o hels webor %P@g &t @arﬂ‘ﬁ‘cﬂ”}ﬂlﬁs?ﬂ?fﬂ?w P
wel che ei ne HePEbiagtiop withyqrganig;salvents, %%‘h%ﬁ‘@ﬂ%}ﬁw wes unt er der

Hlnterleu snu Shlnterl nt er
der HPnt a ﬁfng gialm %I}ge og %%F %g b %%ﬁ ﬂﬂg? ﬁ%ﬁloﬁé
n me th rt eand at
Hefestarrm e oY r[ ﬁgﬁd dS I nterlegt |st
gehort oder ern e Sder e|n rlvat davon wel ches seine Fahlgkelt

zur  Pr odykta QlinodQRedhfidgs 3idin11120r8] HRRM the Birbidtibn ofthe WiRicEyestIcBIsAE the fiabigim der
VR hegge eg B 28-S bHidiirlaCsolbi Qé‘ﬁbrfo%ﬂ At & itéPpdidiuRy abd@thé Reeding PHIkKCAR the sbivent,

angegebenen, ﬁdher\ahﬂagﬂo-ml-tﬂ préféribly WitkeCrang@ Bt 204G0N Clahdimiie pifenably ilVihe Gahge oin
m ndest ens 24@p- -¢)g pro g Hefetrockenmasse, vorzugswei se m ndestens 1000 jg

pro g Hefetrockenmasse, insbesondere m nde- stens 1500 ag pro ¢

Hef et r ocke nwaRRRl feeticonprising Rhiattia rHodozpma yegst aelisnal ysdsecall pRGD@NaYing peaxgnthin in

Hef et Bockenrmassnt pirab Bast 60 itg pep @ Sf yeastidrydnatieh determined byAthe methedhstatedhin gleigeb éne

Ver f ahr en. cBmbination Wit dttzeh feeth contitvePts orieferalily amaniresh fead, whsrain thei astenthivgerpimigaf f | a
rhodozyma hedsteas breyeas deliraiagonstituitd & the srpst 10ty neight 4hihg totahanim é%ed @geraposition

Kul ti vi er ersiny oateastreisralit fii the pes itz iaad BREanieiopRly ph e F‘Hﬁ(?d‘zrrgw %‘? "ffn

unt er aer otpesierabbychoing saladed from Rrpaia AndveaosYate SoUrcRs L3P FaRlgthey: blage mea

assi m®ier tYa!FQiabBtfP’t'!Ré%t%?“Fh a5 i °W§B¢?&bﬁﬁéﬁ Vitains RRAIPIBHERr st of fe und Biotin

oder Dest hl obi ot FoaLh aif, in 'Ee rﬁhr%on*am 5 géh'sy ast atd G
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55 . - filtration afin d'obtenir un giteau de filtration qu'ensuite on extrude, puis I'extrudat est séché, par
exemple par séchage en lit fluide ou séchage sur plateau,

- mélange de la matiére cellulaire séchée totale, qui a été séchée par séchage dans un lit fluide ou
sur plateau, avec une phase huileuse, telle gu'une huile ou graisse comestibles, et broyage du
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16. Un aliment pour animaux selon la revendication 15, dans lequel les cellules de levure ou les parties de

cellules de levure contenant de I'astaxanthine sont des csllules de levure selon I'une quelconque des

35 revendications 1 & 3 ou des parties de celles-ci, ou des cellules de levure ou des parties de cellules de
levure produites selon le procédé de I'une quelconque des revendications 4 & 14.

17. Un procédé pour nourtir des animaux afin d'obtenir une pigmentation rougeétre de leur viande et/ou
des produits dérivés des animaux comprenant I'administration aux animaux d'une alimentation conte-
40 nant des cellules ou des parties de cellules de levure Phaffia rhodozyma contenant de I'astaxanthine en
une proportion d'au moins 600 g par g de matidre séche de levure, déterminée selon le procédé
indiqué dans la revendication 1, les animaux étant de préférence des poissons, en particulier des
saumons ou des truites de mer, des vaches pour pigmenter leur beurre ou des volailles pour pigmenter

le jaune de leurs oeufs.
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