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Effect of the carbon source on the carotenoid profiles of
Phaffia rhodozyma strains
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Phaffia rhodozyma strains ATCC 24202, ATCC 24203, ATCC 24228, ATCC 24229, ATCC 24261, NRRL Y-10921, NRRL
Y-10922 and NRRL Y-17268 were grown on culture media containing glucose, sucrose or xylose as carbon sources.
Carotenoids were extracted from biomass and analyzed by HPLC with diode-array detection. The carotenoid profiles
depended on both the strain considered and the carbon source employed. Astaxanthin, the main pigment found in

P. rhodozyma , accounted for 42—-91% of total carotenoids. Other carotenoids such as canthaxanthin, echinenone,
3-hydroxyechinenone, lycopene, 4-hydroxy-3 ', 4'-didehydro- B-ys-carotene and phoenicoxanthin were detected. The
highest volumetric carotenoid concentration (3.60 mg L 1) was obtained with strain NRRL Y-17268 growing on
xylose. In this case, astaxanthin accounted for 82% of total carotenoids.
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Introduction organisms, the green aldgffaematococcus pluvialiand the

Carotenoids are lipo-soluble photopigments finding a varYyeastPhaffia rhodozymare being considered for industrial

iety of applications in the food industry. pr%ductm? oftﬁstax?]nthln [10].t d the biotechnoloaical
Astaxanthin (3,3dihydroxy-8,8-carotene-4, 4dione) is everal authors have reported on the biotechnologica

a carotenoid found in nature (especially in marim?production of astaxanthin bfhaffia rhodozymaRecent

environments) having a typical orange-pink colour that jg' €VIEWS on this subject are available [8,10,15,18,22].

responsible for its applications in food products. Since saIT cFI>u dﬁ?fi?@ggi?{é SEZI%C?];?J':SWV\% EZLZogefeocﬂ;%esiu_
monids are unable to synthesize this compound, it must b 9 ' 9

provided in feed rations to aquacultured fish for obtaining ose, xylose and sucrose to be tested as carbon sources for

an adequate coloration of the flesh [11,22]. Other beneficia?ro“feratmg Phaffia strains because non-refined solutions

effects derived from the supplementation of salmonid fee(ff these sugars can be obtained readily on a large scale
P rom starch, lignocellulosic materials, beet or sugarcane.

with astaxanthin have been reported, including the protec- :
Glucose and sucrose are typical carbon sources for

tion against singlet oxygen, which can induce DNA dam""gemicroorganisms, but information about the cultivation of

and oxidize proteins [20]. In addition, astaxanthin has bee'ﬁ’haffia on xylose [6,7,9,13,16,19] is scarce and (in some

employed as an agent for coloration of egg yolks and poul- ;
try flesh [4]. cases) contradictory.

Canthaxanthin ,B-carotene-4/4dione) is an orange- This work deals with the carotenoid profile of wikhaf-

. . . -fia strains. In order to provide information useful for
ggluoltjr;e(fjeggrotenmd extensively employed as a pigment Ir<'];1ssessing the feasibility of the biotechnological production

Both astaxanthin and canthaxanthin are produced comOf food pigments, microorganisms were cultured in media

; : : containing selected carbon sources, and both the concen-
mercially by chemical synthesis. However, food or feedt ation and distribution of carotenoids in microbial biomass
additives from biotechnological processes are preferred b ere determined
consumers to those produced by chemical technologies, '
owing to their ‘natural’ origin and the poor adsorption of
synthetic carotenoids [6]. Brevibacteriumsp is the most Materials and methods
promising source of canthaxanthin [15], whereas astaxan; icroorganisms and culture conditions
thin has been found in several microorganisms. BaCte”%ﬂreeze-dried broths of wilBhaffia rhodozvmatrains were
(such asMycobacterium lacticolaor Brevibacteriumsp), y

o - obtained from the American Type Culture Collection
algae (such ablaematococcusp, Neochloris wimmeror (Rockville, MD, USA) or from the Agricultural Research

Chlamydomonas nivajs fungi (such asPeniophorasp) Service Culture Collection (Peoria, IL, USA). Micro-

and yeast (such ahaffia rhodozymjghave been proposed organisms were maintained on YM agar plates°&,4and

as astaxanthin producers [15]. Among these MICTO% ansferred monthly. Proliferation experiments were carried

out during 7 days at ZZ in orbital shakers (agitation
Correspondence: Dr JC Pe{ramept of Chemical Engineering, University speed, 300 rpm) using 50-m| Erlenmeyer flasks containing
of Vigo (Campus Orense), Faculty of Science, Las Laéunas, 3200220 ml culture medium. _Some ferme.ntatlon experiments
Orense, Spain were performed at ZZ in a Braun Biostat B fermentor
Received 29 May 1997; accepted 8 August 1997 (2-L jar with 1-L working volume). Air was delivered at
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264 Table 1 Biomass concentrations, biomass yields, carotenoid concentrations and volumetric carotenoid productRitaiaofhodozymatrains
Strain Carbon sourée Biomass conc. Ys Total carotenoids  Carotenoid productivity
(gL (99 (mg L) (mg L h™)
ATCC 24202 Glucose 5.2 0.26 0.54 0.003
ATCC 24203 5.8 0.29 1.01 0.006
ATCC 24228 5.9 0.30 1.00 0.006
ATCC 24229 4.7 0.23 0.03 0.000
ATCC 24261 5.2 0.26 0.60 0.004
NRRL Y-10921 5.7 0.28 0.64 0.004
NRRL Y-10922 5.6 0.28 0.82 0.005
NRRL Y-17268 5.4 0.27 1.59 0.009
ATCC 24202 Sucrose 6.5 0.33 0.89 0.005
ATCC 24203 8.2 0.41 1.55 0.009
ATCC 24228 6.9 0.35 2.02 0.012
ATCC 24229 4.7 0.24 0.24 0.001
ATCC 24261 6.7 0.34 1.09 0.006
NRRL Y-10921 5.9 0.30 1.06 0.006
NRRL Y-10922 6.3 0.32 0.87 0.005
NRRL Y-17268 6.2 0.31 0.87 0.005
ATCC 24202 Xylose 8.2 0.41 2.17 0.013
ATCC 24203 7.8 0.39 2.16 0.013
ATCC 24228 9.3 0.46 2,57 0.015
ATCC 24229 7.0 0.35 0.88 0.005
ATCC 24261 5.7 0.28 1.49 0.009
NRRL Y-10921 5.7 0.29 1.63 0.010
NRRL Y-10922 9.6 0.48 3.05 0.018
NRRL Y-17268 9.2 0.46 3.60 0.021

3nitial substrate concentration20 g L™

6 L min~%, with the agitation kept at 600 rpm. The percent  ments for disrupting cell walls [21] and hexane extraction
of O, saturation varied in the range 75-90% throughouf{3]. Samples from the hexane phase were analysed by
the fermentations. The composition of the media used for HPLC with Diode-Array Detection (DAD) using the fol-
proliferation assays was: yeast extract, 3¢ imalt extract, lowing analysis conditions: column, Merck LiChrosorb Si

3 gL peptone, 59g % carbon source (glucose, sucrose 60; oven temperaturéC; 3@radient elution (flow

or xylose), 20 g . Duplicate experiments were perfor- rate=1 ml min?; mobile phase: 100% hexane during

med, and the mean results are reported. 1 min; change up to 50% hexane-50% ethyl acetate in
2 min, this last concentration remaining constant during 6
Analytical methods additional min). Carotenoids were identified by their reten-

Samples were withdrawn from the fermentation media and  tion times and by comparison of the spectral features with
centrifuged (450& g, 10 min). Liquors were analyzed for those of pure compounds or with reported data.tfdhs
substrate and metabolic co-products by HPLC with IR  astaxanthin and echinenone standards were kindly provided
detection [17]. Pellets were washed twice with a solution ofby Hoffmann-La Roche (Basel, Switzerland). All of the

9 g sodium chloride t* in deionized water and centrifuged carotenoids were integrated usit@mslastaxanthin as a

again. A sample of cells was dried at 2@2for 48 h, in  standard, providing a carotenoid concentration ‘equivalent
order to allow the calculation of the biomass concentration in astaxanthin’.

on a dry weight basis. The remaining fraction of cells was

used for carotenoid analysis with sequential DMSO treatResults and discussion

Phaffia rhodozymastrains ATCC 24202, ATCC 24203,
Table 2 Xylitol concentrations determined for samples obtained at the ATCC 24228, ATCC 24229, ATCC 24261, NRRL Y-

end of fermentations 10921, NRRL Y-10922 and NRRL Y-17268 are potential
Strai . candidates for the biotechnological production of commer-
train Xylitol conc. . . . .
(g L C|ally valuable carotenmds. A systematic study was carrl_ed
out in order to establish the concentration and the profile
ATCC 24202 228 of carotenoids of the above strains cultured on media con-
ATCC 24203 1.69 taining selected carbon sources. Three sugars were con-
ATCC 24228 1.05 sidered for this purpose: sucrose (which can be extracted
ATC oazes hee at large scale from beet or sugarcane), glucose (that can be
NRRL Y-10921 798 produced by hydrolysis of starchy or cellulosic substrates)
NRRL Y-10922 1.4 and xylose (that can be obtained from mild acid hydrolysis
NRRL Y-17268 0.78 of the hemicellulosic fraction of some lignocellulosics such

as hardwoods, corncobs or bagasse).
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Biomass yield and total carotenoid concentration kg™ dry biomass) are in the range reported for natural iso- 265

Literature data show that the carotenoid profilePtfaffia  lates of Phaffia An adequate evaluation of results should
depends on the duration of fermentations, and that pro-  consider the following aspects: (i) wild-type strains were
longed fermentations result in increased astaxanthin coremployed in assays, their carotenoid contents being sig-
centrations. We have carried out fermentations lasting 7 nificantly lower than the ones corresponding to mutant
days, a time at which a plateau in astaxanthin concentratiostrains. For example, astaxanthin concentrations below
was observed. In the last stages of fermentation, cell lysis 330 migd® typical for optimized cultures of wild
was not significant, and the carbon source was completeli?haffia strains [13]. The stability of wild strains is an
depleted in all the cases considered. important advantage for industrial purposes. (ii) A signifi-
Table 1 shows the biomass concentrations and theant number of studies reported on this subject employed
biomass yields (Y obtained in experiments performed in spectrophotometric analysis for measuring carotenoids, but
shaked flasks. The values of,Yare within the wide vari- the results are reported as astaxanthin concentrations. This
ation ranges reported in the literature [6,9,13,14]. methodology can lead to remarkable differences in results
Table 1 shows the volumetric carotenoid concentrationgnd to overestimation of astaxanthin. (iii) The carotenoid
determined in the same assays. The experimental values  content of biomass found in our study presumably could
(0.03-3.60 mg L%, corresponding to 6—391 mg carotenoid be increased by further modifications in culture conditions,
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Figure 1 Chromatograms of: (a) standard carotenoids; (b) carotenoids extractedPfraffia rhodozymd&NRRL Y-17268 cells grown on xylose.
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Table 3 Carotenoid distribution (%) of strains cultured on glucose-, sucrose- or xylose-containing media

Ec 3-HE HDC Cx T-Ax
A) Glucose ATCC 24202 7 22 0 11 59
ATCC 24203 3 10 8 6 73
ATCC 24228 3 11 5 8 73
ATCC 24229 0 0 0 0 100
ATCC 24261 5 13 7 12 63
NRRL-Y-10921 3 11 3 11 72
NRRL Y-10922 7 13 11 34 34
NRRL Y-17268 13 11 11 11 54
Ly Ec 3-HE HDC Pho Cx C-Ax T-AX
B) Sucrose ATCC 24202 1 16 24 0 0 11 0 48
ATCC 24203 3 6 10 3 3 8 6 60
ATCC 24228 1 7 13 6 4 10 6 52
ATCC 24229 8 21 29 0 0 0 0 42
ATCC 24261 3 12 18 6 6 12 0 42
NRRL Y-10921 3 8 15 6 0 10 0 58
NRRL Y-10922 3 9 13 7 6 13 0 49
NRRL Y-17268 2 0 8 7 3 15 0 64
Ly Ec 3-HE HDC Cx C-Ax T-AX
C) Xylose ATCC 24202 0 0 5 11 2 0 78
ATCC 24203 0 0 5 10 1 0 81
ATCC 24228 0 0 4 9 1 0 83
ATCC 24229 0 2 7 2 9 0 80
ATCC 24261 0 1 4 11 3 0 79
NRRL Y-10921 0 0 2 4 2 8 85
NRRL Y-10922 0 0 6 10 2 0 82
NRRL Y-17268 1 1 4 9 3 4 78

Nomenclature: Ly= Lycopene; EG Echinenone; 3-HE 3-hydroxyechinenone; HDE 4-hydroxy-3,4'-didehydrog-iy-carotene; Phe Phoenicoxanthin;
Cx = canthaxanthin; C-Ax cis-astaxanthin; T-Ax all-trans-astaxanthin.

but this kind of work (based on optimization of both com-  to that reported in the literature for the mutant strain
position of culture media and initial substrate NCHU-FS301 cultured on the same carbon source [6].
concentration) can be more reasonably accomplished in
future studies based on the best strains and carbon sourc&glitol production
selected from the information provided in this work. There-Xylitol, an intermediate of xylose metabolism, was detected
fore, we have focused our attention on the assessment of in all the xylose fermentations. Xylitol concentrations in
the comparative ability of the selected strains for producinghe range 0.78-7.28 gL were found at the end of the
commercially valuable carotenoids from carbon sources  experiments (Table 2). The coproduction of xylitol and
available at a large scale. astaxanthin byhaffiaon xylose-containing media has been
The concentration of the carbon sources was fixed at 20 g reported recently [19].
Lt in order to increase the volumetric concentration of car-
otenoids. From a practical point of view, the volumetric Carotenoid profiles
concentration of carotenoids is more important than the corbAD-HPLC is a very useful tool for carotenoid analysis.
responding carotenoid concentration expressed on dry  With previous steps of cell disruption and liquid-liquid
biomass basis, because this latter variable is increased lextraction, this methodology provides a fast, reliable and
low substrate concentrations. accurate procedure for establishing the composition of cell
A comparison of the carbon sources shows that glucosextracts. Figure 1 shows chromatograms of standard carot-
led to lower pigment concentrations, whereas the best  enoids and cell extracts.
results on carotenoid concentration, astaxanthin proportion Table 3 shows the relative proportion of carotenoids
and carotenoid productivity were achieved in media con-  obtained from the various strains grown on the carbon
taining xylose. The fact that glucose supported a high ratsources tested. The results show an interesting dependence
of growth but only a moderate carotenoid yield is in agree-  of the carotenoid profile on both the type of strain and the
ment with reported results [9,12]. carbon source utilized.
Table 1 also includes data on the carotenoid productivity. Astaxanthin was the most abundant carotenoid.
The highest value (0.021 mgih™) was obtained by strain Andreweset al [2] identified acis-isomer fromPhaffig but
NRRL Y-17268 grown on xylose, this value being similar  its complete formula was not established. Little information
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exists on thecis-transisomerism in astaxanthin frofhaf- 2,5 14 6

fia. Isomers allrans- 9-cis- and 13eis- were identified in
this work, the alltransisomer being the most prominent
(90—100% of total astaxanthin).

A wide variation (34—100%) was observed in the relative /r/‘
astaxanthin content of cells grown on glucose. Narrow 2
ranges were observed for astaxanthin content in cells growr
on sucrose (42—-66%) or xylose (80-91%). The highest + 10
volumetric concentration of astaxanthin (2.96 mg)lwas
reached using strain NRRL Y-17268 grown on xylose,
whereas the most complex carotenoid profiles were % 1,5
obtained using sucrose as a carbon source. E T

Several authors [2,3] reported the presencg-oérotene g
in Phaffia This compound appeared in the earlier stages of §
all the fermentations performed in the present work but was 2
absent at the end of the fermentations. This is in agreemen £ 4
with the mechanism proposed for carotenoid biosynthesis s
[2] considering the prolonged fermentation times employed §
in our study. 14

Lycopene was identified by Andrewest al [2] in
extracts fromP. rhodozymaUnder the conditions used in
the present work, no lycopene was detected when using
glucose as the carbon source. Strain NRRL Y-17268 pro-
duced minimal amounts of lycopene (1% of total
carotenoids) in experiments carried out with xylose as sub-
strate, whereas lycopene accounted for 1-8% of total carot
enoids inPhaffiastrains grown on sucrose. 0

Echinenone and 3-hydroxyechinenone were detected ir Y 50 100 150 200
Phaffia and proposed as intermediates in astaxanthin Time, h
biosynthesis [2] Limited amounts of echlnenone (0-2% OfFigure 2 Carotenoid production byPhaffia rhodozymaATCC-24228
total carotenoids) were observed when using xylose as éultured on xylose. -o—, Astaxanthin; —A—, g-carotene; -O—, Ech-
carbon souce, but increased amounts of this compounidenone; —s—, 3-hydroxyechinenone; #—, 4-hydoxy-3,4'-didehydro-
were determined for microorganisms grown on the othe-¥-carotene;-m-, Phoenicoxanthin; -5—, canthaxanthin; —4—,
sugars tested (up to 13% on glucose and up to 21% oR°mass:

sucrose). A similar pattern was observed for 3-hydroxyechi,aqium with P rhodozymaATCC 24228 in a batch fer-
inenone, with low concentrations (2—-7%) in cells cultured . anior. The r.nost important feature observed was the

on xylose and higher amounts in cells cultured on othef,reased astaxanthin concentration obtained at prolonged
sugars (up to 22-29% of total carotenoids for micro-¢o - antation times.

organisms grown on glucose or sucrose, respectively). In conclusion, the carotenoid profile of wikhaffia rho-
_Canthaxanthin was detected in microorganisms culturedy,y mastrains depended on both the strain and the carbon
in all the carbon sources tested, its relative proportions, ree Taking into account both the total pigment concen-
being dependent on both the strain and sugaroused (0-34§tion and the carotenoid profile, xylose was identified as
for microorganisms cultured on glucose, 0_1;5@ for micro-he carbon source leading to the highest volumetric concen-
organisms cultured on sucrose and 1-9% for miCrOyations of astaxanthin. The information reported in this
organisms cultured on xylose). Canthaxantin has beeqy on the comparative ability dPhaffiastrains for pro-
identified in carotenoid-producing microorganisms such a%ucing carotenoids should be useful for assessing the
the algaHaematococcus lacustrisvhich convertsf3-caro- biotechnological production of feed pigments.

tene into astaxantin via the intermediate canthaxanthin [5].

HDC (4-hydroxy-3,4'-didehydrog-y-carotene) and
phoenicoxanthin were also detected. HDC was found irﬁcknowledgements
most strains grown on glucose or sucrose and in all strain§he authors are grateful to the following persons and insti-
grown on xylose, and accounted for up to 11% of totaltutions: Miss Ro@ Rodrguez Fonta for her excellent
carotenoids in several strains. To our knowledge, only on¢echnical assistance; ‘Xunta de Galicia’ for the financial
reference [1] has cited this compound. Phoenicoxanthin, aupport of this work (Proj: XUGA38301B95), and
carotenoid that has been reported as a pigmemhafffia  Hoffmann-La Roche for astaxanthin and echinenone stan-
[2], was found in several strains grown on sucrose, with adards.
maximum of 6% of total carotenoids in strain ATCC
24261, but it was not detected at the end of the fermentatioreferences
In s_tralns grown on glucose or_xylose. . 1 An G, DB Schuman and EA Johnson. 1989. IsolatioRladffia rhodo-
Figure 2 shows the dynamics of carotenoid concen-  zyma mutant with increased astaxanthin content. Appl Environ
trations during the fermentation of a xylose-containing Microbiol 55: 116-124.
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