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PALM OIL CAROTENOIDS

hydrocarbon carotenoids.
In this paper we have separated and identified 11

hydrocarbon carotenoids, including seven not previ-
ously isolated, in palm oil processed fractions. The
increasing interest in the medical applications of this
class of compounds makes t h e i r isolation and character-
ization crucial. Palm oil, one of the world's most widely
consumed vegetable oils and a proven non-toxic food (16),
c o u l d become an important commerc i a l source of
carotenoids. F u t u r e work will focus on high pressure
liquid chromatographic analysis of t h e s e compounds
and t h e i r potential anti-carcinogenic and/or antioxida-
tive effects.
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 Effect of Culture Conditions on Fatty Acid Composition in Lipids
Produced by the Yeast Cryptococcus albidus var. albidus
Lena Hansson* and Mllan Dostalek
Department of Applied Microbiology, Chemical Center, University of Lund, P.O. Box 124, S-221 O O Lund, Sweden

T h e influence of culture condit ions on the f a t t y acid
composit ion in lipids produced by Cryptococcus albidus
var. albidus CBS 4517 was studied.

T h e major f a t t y acids in C. albidus var. albidus were
oleic {18:1}, linoleic (18:2) and palmitic {16:0) acid. T h e
relative amounts of f a t t y acids produced varied
considerably during growth and lipid accumulation
phases in nitrogen-limited as well as excess-nitrogen
cultures. T h e degree of unsaturation correlated to the
lipid content in the biomass and decreased with
increasing amounts of cellular lipid. A f t e r glucose
exhaustion, no further changes in the f a t t y acid
composit ion nor in the lipid content of the cells were
observed. A number of carbon and nitrogen sources
could b e utilized for lipid synthesis , but they influenced
the f a t t y acid composit ion only to a minor extent.

Lipid production from microorganisms provides a m p l e
opportunity for research activities, and the subject
recently has been reviewed by Ratledge IlL A grea t deal
of the work has been performed on lipid-accumulating

*Towhom correspondence should be addressed.

yeast strains because a n u m b e r of them are capable of
a c c u m u l a t i n g large a m o u n t s of intracellular lipids
{50-70%, w/w) {2,3}. The lipid fraction usually has a grea t
similarity t o p l a n t oils (1,4), and with the aim of
producing substitutes for some of the more expensive
types , it is important t o gain increased understanding
and control over fat ty acid biosynthesis in microorgan-
isms.

The y e a s t C r y p t o c o c c u s t e r r i c o l u s Pedersen (now
re-named C. a l b i d u s v a r . a l b i d u s (5) has been reported
t o have a high lipid-accumulating capacity, w h i c h is not
dependent on a high C/N r a t i o in the med ium {2,6}. This
is a u n i q u e characteristic because lipid accumulation in
oleaginous yeasts is r ega rded as a two-stage process
where lipid starts t o be produced from e x c e s s c a r b o n
a f t e r exhaustion of nitrogen (or other nutrient e x c e p t
carbon} from the medium. Despite its interesting
properties as a lipid producer, very little work has been
reported on this s t r a i n of C. a l b i d u s in recent years.
B o u l t o n and Rat ledge (61 c o m p a r e t h e i r r e s u l t s
concerning the constitutive lipid-producing capacity
with those of Pedersen (2,7), whereas Krylova et al. (8,9)
deal with lipid synthesis in C. a l b i d u s var. a e r i u s IBFM
y-229 u s i n g ethanol as the c a r b o n source. Results from
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our laboratory (10) confirm t h a t C. albidus var. albidus
can p roduce s u b s t a n t i a l amounts o f l ipids in t h e
presence of excess nitrogen, but the lipid productivity
was f o u n d to be markedly increased u n d e r nitrogen-
limited conditions, suggesting an intermediate lipid
accumulation pat tern between the t radi t ional oleagin-
ous y e a s t s and t h e originally described C. terricolus.

No investigation has, so far, been repor ted concerning
t h e effect o f culture conditions on the fa t ty acid
composition in C. albidus var. albidus. Such knowledge
is of interest, as control of certain growth parameters
may provide a means to influence the final qual i ty and
va lue of the product.

In this work we report on the effects of ca rbon source,
n i t rogen source and temperature on fa t ty acid composi-
t ion in Cryptococcus albidus var. albidus. Alterations in
t h e var ious fa t ty ac ids dur ing cul t iva t ion u n d e r
nitrogen-l imited and excess-nitrogen conditions are
described, as are a correlation between the degree o f
unsaturation in the lipid fract ion and t h e lipid content of
the cells.

EXPERIMENTAL PROCEDURES

Microorganism. Cryptococcus albidus var. albidus CBS
4517 was used. C. albidus var. albidus was kept on
YM-agar slants a t 8 C and was transferred every second
month .

Cultivation medium. The nitrogen-limited medium
contained, per liter: NH4C1, 1.0 g; y e a s t extract , 1.0 g;
tryptone, 1.0 g; KH2PO4, 3.0 g; MgSO4.7H~O, 1.0 g;
FeC13.6H20, 15 mg; ZnSO~'7H20, 7.5 mg, and CuSO~.
5H20, 0.5 rag. The excess-nitrogen medium was the
same as above, but the NH4C1 concentration was 5 g/1.
The glucose concentration was 30 g/1 in fermentor
cul tures and 20 g/1 in s h a k e r f lask experiments . No p H
adjus tments were performed in s h a k e r f lask cultures; in
o rde r to shorten the cultivation time a t decreased pH,
the init ial glucose concentration was lowered in these
experiments . In the nitrogen-limited fed-batch cul tu re ,
additional amounts of glucose in concentrated solutions
were added a t 40 and 65 h r of cultivation t o give a
concentration of 30 g/1.

When growing the inoculum, NH~C1 concentration was
2.5 g/1 and glucose concentration was 15 g/1. The medium
was otherwise the same as above. Nei ther ammonium
ions n o r glucose were exhaus ted a t t h e time for
inoculation. A b o u t 70 ml inoculum (cell suspension)
from the logarithmic growth p h a s e was used p e r l i ter
fermentor volume, resu l t ing in a n init ial optical density
of ~0.6.

Investigations concerning effects o f different carbon
or nitrogen sources were performed in nitrogen-limited
s h a k e r f lask cultures. All f lasks contained 0.67 mole
carbon/1 (corresponding t o 20 g/1 glucose), a n d the
n i t rogen source t o be t e s t e d was a d d e d to give a
concentration of 0.019 mole nitrogen/1 (corresponding t o
1 g/1 NH,C1).

The p H was adjusted t o 5.5 with NaOH. The ca rbon
source and t h e magnes ium solution were autoclaved
separately. Urea and amino acids were sterilized b y
membrane fil trat ion (0.2 ~m).

Cultivation equipment and conditions. Fermentor
cultures were performed in a fermentor (ChemofermAB,

Hfigersten, Sweden) with a working volume o f 3.0 1. The
cultivation temperature was 20 C, and p H was kept
constant a t 5.5 b y t i t ra t ion with 1.0 M NaOH. Air was
sparged t h r o u g h t h e b ro th with a flow rate o f 0.5 VVM
(volume/volume, min). The dissolved oxygen tension was
measured continuously with a galvanic oxygen electrode
(11). No oxygen limitation occurred dur ing t h e cultiva-
tions. The st i r rer speed was 350 rpm. Foaming was
cont ro l led b y addi t ion o f Adekanol LG-109 (Asahi
Electro Chemical Co., Japan) .

Shaker f lask experiments were performed in one-I
baff led flasks, containing 150 ml of cell suspension, on a
wate r b a t h rotary shaker .

In the inves t iga t ion o f temperature effects t h e
inoculum was grown a t 22.5 C and then used fo rcul tures
a t 20, 25 and 30 C. In all o t h e r experiments , t h e
incubation temperature was 20 C for inoculum as well as
for subsequent cultures.

Growth measurements. Cell g rowth was followed by
measur ing opt ica l density (OD) a t 620 nm in a Turne r
pho tome te r (G.K. Turne r Associates, Palo Al to , Califor-
nia). The dry weight ofb iomass was determined by centri-
fuging 15 ml of cell suspension, washing the pel let with
0.9% NaCI and dry ing a t 105 C for 17 hr.

Lipid determination. 100 ml (OD~< 10) or 50 ml (OD > 10) of
cell suspension was removed from the culture. Each sample
was centrifuged at 20,000 xg for 10 min at 10 C and washed
once in 0.9% NaC1. The pellet was kept in a sealed
centrifuge tube and s t o r e d a t - 2 0 C.

Before extract ion of l ipids was performed, t h e cells
were disintegrated. Two ml of wate r was added t o the
thawed pellet and the cell suspension was sonicated for 6
min on ice in a n MSE Soniprep 150 Ultrasonic
Dis in tegra tor(MSE, Crawly, England). Thereafter, 5 g of
glass beads (~ = 0.5-0.75 mm) were a d d e d and the cells
were d i s rup ted in a Lab-Line Mul t iwr is t Shaker
(Lab-Line Instr . , Inc. , Melrose Park, Illinois) a t m a x i m u m
intensity for 1.5 hr.

Lipid extract ion was performed with n-butanol as t h e
solvent. 10 ml of b u t a n o l was a d d e d t o t h e cell
suspension, and the tube was shaken, as described
above, for 20 min. The butanol phase was separated from
cells and g l a s s beads b y centrifugation. The extract ion
procedure was repeated twice, and the b u t a n o l extracts
were pooled. The extracts were washed according t o the
method of Folch e t al. (12) by shak ing with 5 ml of wate r
for 5 min. Af t e r centrifugation, the b u t a n o l p h a s e was
t ransfer red to a weighed vessel and evapora t ed u n d e r
vacuum. The lipid was dried over anhydrous P205 in an
evacuated desiccator, and the amount of lipid was
determined gravimetrically.

Fat t y acid composition. The fa t ty acid composition
was determined by gas chromatography of t h e fa t ty acid
methyl esters. The lipids to be transesterified were
dissolved in hexane , and methyl es te r s were prepared
according to the procedure o f Glass e t al. (13).

The ins t rument u s e d was a V a r i a n 3700 Gas
Chromatograph. Samples were separated on a stainless
steel column (1.8 m × 2 mm) containing 10% DEGS
liquid p h a s e coated on Chromosorb W HP (80-100
mesh). Ni t rogen with a flow rate of 50 ml/min was used
as the carr ier gas. The oven temperature was pro-
grammed from 130 t o 180 C a t the ra te of 2 C/min. Peaks
were identified by means of fa t ty acid methyl e s t e r
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s t andard FO6 (Larodan Fine Chemicals, Analy t ica l
S t anda rds AB, Kungsbacka, Sweden}.

The t o t a l amount of fa t ty acids in t h e lipid fract ion
constitutes 100%. Besides those fa t ty acids t h a t were
identified by u s i n g the FO6 s tandard (14:0, 16:0, 16:1,
18:0, 18:1, 18:2, 18:3}, a small pa r t , less t h a n 4% of t h e
fraction, consisted o f o t h e r fa t ty acids, viz. 15:0, 17:0,
17:1, 20:0, 20:1, 20:2, 20:3, 22:0, 22:1, 24:0, and 24:1.
T h o s e were identified in a few samples by capillary
column chromatography by A B Karlshamns Oljefabriker.
Unsa tu ra t ed fa t ty acids from this part o ft h e lipid fract ion
were not included in the calculation of the degree o f un-
saturation.

The degree o f unsa tu ra t i on (A/mole} in the lipid
fract ion was calculated according t o Kates and Baxter
{14}. The formula used is:

A/mole =
[1.0 I% monoene} + 2.0 (% diene) + 3.0 (%triene)]/100

Analyses o f glucose and NH4Cl. All assays were
performed on samples where cells had been removed
from the cul t iva t ion b ro th b y cent r i fugat ion a n d
membrane fi l t rat ion. Glucose was measured b y u s i n g a
Boehringer t e s t kit (Boehringer, Mannheim, Federa l
Republic o f Germany}, and NH4C1 was assayed as
ammonium ions according to Chaney and M arbach (15).

RESULTS A N D DISCUSSION

Effect o f carbon source, nitrogen source and g r o w t h
temperature on fa t ty acid composition. The influence of
different ca rbon sources on growth and fa t ty acid
composition was investigated in nitrogen-limited (1 g/1
NH4C1} shaker-flask cultures. The cells were harvested
in the stationary phase, and dry weigh t , lipid content
and fa t ty acid composition were determined {Table 1}. C.
albidus var. albidus was able t o utilize all the carbon
sources t e s t e d except ethanol, b u t very poor growth
took place on glycerol. It is c lear from Table 1 t h a t only

m i n o r changes were o b s e r v e d in t h e f a t t y acid
compos i t ion , a n d consequen t ly in t h e degree o f
unsa tu ra t i on (/l/mole}.

The stabi l i ty in fa t ty acid composition regardless o f
the ca rbon source utilized is in agreement with resul t s
repor tedfo rCandida 107 (16,17) and R h o d o torula gracilis
Lundin R-gl 172 {18}. The m o s t pronounced alterations
in fa t ty acid composition as a function o f carbon source
have been reported for n-alkanes {1,19}. The abil i ty
among y e a s t s to utilize n-alkanes is, however, res t r ic ted
t o a limited number o f strains.

The effect o f different nitrogen sources on the fa t ty
acid composition is shown in Table 2. The ca rbon source
was glucose, 20 g/1. The growth curves (not shown} were
a lmos t identical regardless of t h e n i t rogen source used.
A drop in pH, most marked in NH4C1, (NH4hSO4 and
L-ornithine cultures, was observed. C. albidus var.
albidus has, however, previously been f o u n d t o have a
b road pH-opt imum for growth (20, and Hansson and
Dost~lek, unpublished results} and because growth
rates were n o t affected, the changes in p H were assumed
not t o affect markedly the resul t s presented below.

The relat ive amount of stearic acid (18:0) was a b o u t
5.6% when t h e cells were grown on inorganic and
~10.5% on organic nitrogen sources. A s l igh t decrease
in palmitic acid (16:0} was observed when L-arginine or
L-ornithine was used, and an increase in linoleic acid
(18:2) was n o t e d when cells were grown on any of the
amino acids. The degree o funsa tu ra t i on was in the same
orde r o f magni tude fo r all the n i t rogen sources tested.

The n i t rogen source used might affect the fa t ty acid
composition b y differences in t h e uptake rates fo r
organic a n d inorganic n i t rogen o r in t h e n i t rogen
catabolism. The intracel lular NH~ concen t ra t ion
recent ly was reported t o affect lipid production ra te and
t h e regulation o f lipid biosynthesis in Rhodosporidium
toruloides Banno CBS 14 {21,22}. R h . toruloides con-
t a ined , in c o n t r a s t to C. albidus var. albidus, h ighe r
amounts o f lipid when grown on organic n i t rogen
sources than on inorganic. No da t a concerning fa t ty acid

T A B L E 1

F a t t y A c i d C o m p o s i t i o n i n Cryptococcus a l b i d u s va t . a l b i d u s Grown o n Different C a r b o n Sources i n
Nitrogen-Limited Cultures I1 g / l NH4CI)a

Lipid in Relative fatty acid composition b (%, w/w) Degreeof
Biomass biomass unsaturation

Carbon source (g/l} (%,w/w} 16:0 16:1 18:0 18:1 18:2 18:3 (A/mole)

xylose 7.1 33.0 21.9 1.7 4.3 54.5 13.8 1.1 0.87
glucose 8.3 40.1 18.6 1.2 5.4 60.9 11.2 1.1 0.88
maltose 8.2 37.7 22.2 1.2 6.0 53.9 13.2 1.2 0.85
lactose 6.5 26.3 25.8 1.2 5.1 47.4 16.6 1.4 0.86
sol. starchc 4.7 33.1 22.0 0.9 5.1 51.9 16.1 1.5 0.90
mannitol 7.8 43.5 22.3 0.9 8.2 55.4 10.4 1.3 0.81
glycerol c 1.5 43.8 20.5 1.1 5.9 52.4 14.8 1.3 0.87
ethanol d nogrowth N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

aInitial carbon source concentration was 0.67 mole carbon/1 unless otherwise indicated.
bSmall amounts ofother fatty acids also were detected, see "Experimental Procedures."
CInitial carbon source concentration, 15 g/1.
dInitial carbon source concentration, 1Og/1.
N.D., not determined.
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TABLE 2

F a t t y A c i d C o m p o s i t i o n i n Cryptococcus albidus va t . albidus Grown o n Different Ni trogen Sources a

Lipid in Relative fatty acid compositionb (%, w/w) Degree of
Biomass biomass unsaturation

Nitrogen source (g/l) (%, w/w) 16:0 16:1 18:0 18:1 18:2 18:3 (A/mole)

NH4C1 8.4 42.0 18.3 1.3 5.5 60.7 11.0 1.5 0.89
(NH4)2SO4 8.6 40.2 17.4 1.3 5.7 59.7 11.3 2.7 0.92
urea 8.4 35.2 18.5 0.8 11.2 54.1 11.2 1.8 0.83
L-glutaminate 10.0 30.3 21.5 1.2 10.1 48.0 14.3 2.1 0.84
L-arginine 9.2 30.8 15.4 0.7 11.4 52.4 14.9 2.0 0.89
L-ornithine 9.0 34.4 15.4 0.8 9.8 53.0 15.8 2.1 0.92
L-proline 9.7 30.8 19.1 1.1 10.1 51.1 14.2 2.5 0.88

aThe initial concentration of the nitrogen source to be tested was 0.019 mole nitrogen/1. Glucose(20 g/l) was
the carbon source.
bSmall amounts of other fatty acids also were detected, see "Experimental Procedures."

T A B L E 3

Influence of Growth Temperature o n F a t t y A c i d C o m p o s i t i o n i n Ni trogen- l imi ted Cultures of Cryptococcus
albidus var . albidus

Cultivation Lipid in Relative fatty acid compositiona (%, w/w) Degree of
temperature Biomas biomass unsaturation

(°C) (g/l) (%, w/w) 16:0 16:1 18:0 18:1 18:2 18:3 (A/mole)

20 8.8 44.4 18.0 1.3 5.2 60.3 11.7 1.3 0.89
25 7.8 44.0 17.1 1.2 5.3 60.0 10.9 2.1 0.89
30 no growth N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

aSmall amounts of other fatty acids also were detected, see "Experimental Procedures."
N.D., not determined.

composition were given.
C. albidus var. albidus was g r o w n at 20, 25 and 30 C in

a med ium containing glucose and NH4C1 as carbon and
n i t r o g e n sources. As can be seen in T a b l e 3, no
significant differences in fat ty acid composition or in the
lipid content of biomass were observed at 20 as compared
t o 25 C. No g r o w t h occurred at 30 C.

Fermentor cultures under nitrogen-limited or excess-
nitrogen conditions. In o r d e r t o investigate how the
fat ty acid composition in lipids v a r i e d d u r i n g g r o w t h
and lipid production phases, fermentor experiments
were performed in nitrogen-limited and in excess-nitro-
gen media. Data from these cultures are shown in F i g u r e
1. The highest values of biomass and lipid content were
observed in the nitrogen-limited culture, but consider-
able a m o u n t s also were produced u n d e r conditions with
excess nitrogen. The dominant fat ty acids in the lipid
fraction of C. albidus vat. albidus are, as in most other
oleaginous yeasts (1), palmitic, oleic and linoleic acid.
Changes in the fat ty acid composition with cultivation
time are shown in F i g u r e 2. An increase in linoleic (18:2}
and linolenic acid (18:3) and a corresponding decrease in
oleic (18:1), palmitic (16:0) and s t e a r i c (18:0) acid
occurred d u r i n g the first p h a s e of both cultivations (to
a b o u t the 25th hour}. As can be seen in F i g u r e 1, this
time interval corresponds t o a period of fast cell g r o w t h
where the lipid content in the cells actually shows a
s l i gh t but reproducible decrease. D u r i n g the lipid
accumulation p h a s e of the cultivations (from a r o u n d 25

hr u n t i l exhaustion of glucose} the relative a m o u n t of the
different f a t t y acids changes conversely. Once glucose
had been used up , no further significant change was
observed in the relative a m o u n t of either of the f a t t y
acids or, as can be seen in F i g u r e 1, in the lipid content of
the cells.

V a r i a t i o n s in f a t t y acid composition have been
reported previously for other oleaginous yeasts, for
example Trichosporon c u t a n e u m (23} and Candida
curvata {23,24}. B e c a u s e different organisms and med ia
were used, direct comparisons are not meaningful.

Correlation b e t w e e n l i p i d c o n t e n t and degree o f
unsaturation. The correlation between lipid content in
the biomass and the degree of unsaturation (A/mole) in
the lipid fraction is shown in F i g u r e 3. The data originate
from the fermentor cultures described a b o v e and from a
nitrogen-limited fed-batch culture {see Experimental
Procedures}. The fat ty acids are of a more unsaturated
composition in cells containing low amounts of lipid, and
the degree of unsaturation decreases with increasing
lipid content. In F i g u r e 4, the relative a m o u n t s of the
t h r e e dominant fat ty acids, palmitic, oleic and linoleic
acid, are plotted a g a i n s t the lipid content in the cells.
The changes observed in the respective fat ty acids with
i n c r e a s i n g cellular lipid content are s i m i l a r u n d e r
nitrogen-limited and excess-nitrogen conditions. A
slight increase in palmitic acid with increasing lipid
content was observed, whereas the increase in oleic acid
was more pronounced. However, the d r a m a t i c decrease
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in linoleic acid is t h e major influence on the h/mole value.
These resul t s are in agreement with the conclusion
reached by Enebo a n d Iwamoto (25}, i.e., t h e composition
o f microbial l ipids varies with the extent o f lipid
accumulation.

In b a t c h cultures, t h e concentration of nut r ien ts in
the medium decreases simultaneously with t h e increase
in lipid concentration in the biomass, and the growth
ra te declines. F a s t growing cel l s , or ig inat ing from
acceleration and logarithmic growth phases, contained
low amounts of l ipid, a n d t h e degree of unsaturation of
the fa t ty acids was high. In declining and s ta t ionary
phases, however, when the cells grew very slowly or not
a t all, the lipid content was high a n d the degree of
unsaturation low. T h u s , g rowth conditions may also
influence lipid composition, and t h e growth ra te may be
used-- in cbemos ta t cultures for example--to control
fa t ty acid composition.

The synthesis of fa t ty ac ids in yeasts resul t s mainly in
the formation of palmitic (16:0) acid and, to a minor
extent , o f stearic (18:0) acid, from which t h e u n s a t u r a t e d
fa t ty acids are formed (26,27}. It seems t h a t f a s t -
growing cells of C. a l b i d u s var. a l b i d u s rapidly conver t
palmitic and stearic acid to oleic (18:1) acid, which in
turn is converted to linoleic (18:2) a n d linolenic (18:3)
acids. In slow-growing cells, palmitic and oleic acids are
accumulated a t the expense o f linoleic and linolenic
acids. T h u s , it seems t h a t the synthesis of polyunsatur-
ated fa t ty acids is gradually reduced dur ing lipid
accumulation. This reduction might be caused b y the
lack of a co-factor needed for desaturation {molecular
oxygen and NADH or N A D P H [26]}. It might also b e
advantageous for the cell t o accumulate more sa tu r a t ed
lipids fo r storage and future use as an ene rgy deposit,
because more s t e p s are involved in t h e ~-oxidation of
u n s a t u r a t e d fa t ty acids compared to sa tu r a t ed fa t ty
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FIG. 3 . C o r r e l a t i o n between the l i p i d content i n b i o m a s s and the
degree of unsaturat ion i n the l i p i d fract ion. Cryptococcus albidus
va t . albidus w a s grown i n ni trogen- l imited batch (O), ni trogen-
l imi ted fed-batch ([:]} and excess-ni trogen batch ( • ) cul tures .

a c i d s . T h e s e a s s u m p t i o n s c o n c e r n i n g t h e e f f e c t of
g r o w t h r a t e a n d t h e c o r r e l a t i o n o f l i p i d c o n t e n t in
b i o m a s s o n f a t t y acid c o m p o s i t i o n h a v e b e e n c o n f i r m e d
in c o n t i n u o u s c u l t u r e s of C. a l b i d u s v a r . a l b i d u s in o u r
l a b o r a t o r y (28).
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