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The polyunsaturated fatty acid eicosapentaenoic acid 
(EPA) has attracted increased attention due to its phar- 
maceutical properties. The main source is marine fish 
oil which contains approximately 15% EPA. However, 
pharmaceutical applications of EPA will probably re- 
quire higher concentrations, perhaps as high as 90%. 
The red microalga Porphyridium cruentum is a poten- 
tial source, because its EPA content approaches 44.1% 
of the total  fatty acids. Three methods were attempted 
for EPA concentration and arachidonic acid (AA} re- 
moval from the oil of this alga. Separation of the gly- 
colipids, formation of a urea inclusion complex and 
reverse phase chromatography on C-18 Sep-Pak filters 
resulted in an EPA concentrate of 97% purity. Similar 
methods resulted in an AA concentrate of 80% purity. 

KEY WORDS: AA, algal oil, EPA, Porphyridium, PUFA purifi- 
cation. 

The polyunsaturated fatty acids eicosapentaenoic acid 
{EPA) and arachidonic acid {AA) have attracted in- 
creased attention in recent years. EPA was shown to 
reduce blood pressure in rats {1,2) as well as in humans 
(3,4). It has been suggested that EPA competitively 
inhibits the conversion of n-6 fatty acid precursors to 
AA, suppresses the production of eicosanoids of the 2 
series (5) and increases the formation of eicosanoids of 
the 3 series, some of which are hypotensive (6). EPA 
was also found to reduce blood cholesterol levels (7). 
AA serves as a starting material for a biosynthetic 
production of prostaglandin PGE2. Also, being a com- 
ponent of human mother's milk, it is of potential value 
as an ingredient in various formulations of artificial 
baby food. 

The main source of EPA is marine fish oil which 
contains approximately 15% EPA. However, it con- 
tains also significant amounts of cholesterol. Daily 
consumption of marine fish oil eventually results in 
an increased cholesterol uptake which could be coun- 
terproductive for reducing blood lipid level. Pharma- 
ceutical applications of E PA will probably require prepa- 
rations of considerably higher EPA concentrations. 
An n-3 fat ty acid concentrate was made from cod liver 
oil by urea inclusion (8). Although the product con- 
tained 85% n-3 fatty acids, only 28% consisted of EPA. 

The red microalga Porphyridium cruentum is a 
potential source for the pharmaceutically valuable fatty 
acids EPA and AA (9). In previous studies we eluci- 
dated the environmental conditions leading to high 
contents of either EPA or AA (9-11). In this paper, 
methods are described for the fractionation of P. cru- 
entum oil resulting in EPA and AA concentrates. 

*To whom correspondence should be addressed. 

MATERIALS AND METHODS 

Growth of cells: P. cruentum strain 1380.1d was ob- 
tained from the GSettingen Algal Culture collection 
{GSettingen, Germany). Cultures were grown on Jones' 
medium {12} in glass tubes that were incubated in a 
temperature-regulated water bath and illuminated with 
four cool-white f luorescent  lamps providing 170 
~E*m-2*s -1 at the side of the water bath. The cultures 
were mixed by bubbling an air -- CO2 mixture {99:1) 
through a sintered glass tube placed at the bottom of 
each tube. 

Lipids fractionation. Freeze-dried samples of bio- 
mass were extracted with chloroform-methanol-water 
{2:1:0.8) according to Bligh-Dyer (13). Separation into 
neutral lipid, glycolipid {GL) and phospholipid classes 
was achieved on a silica gel column. The individual 
classes were successively eluted with chloroform, ace- 
tone and methanol, respectively. 

Lipid transmethylation. The GL fraction {0.65 g) 
was treated with 13 mL of methanol-acetyl chloride 
(95:5) at 0°C. The mixture was sealed in a light- 
protected Teflon-lined vial under an Argon atmosphere 
and heated to 80°C for 1 hr. The vial contents were 
then cooled, diluted with 5 mL water and extracted 
with 5 mL of hexane containing 0.01% butylated hy- 
droxytoluene. The hexane layer was dried over Na2SO4, 
evaporated to dryness and redissolved in hexane. 

Fatty acid analysis. Gas chromatographic analysis 
was performed with a Supelcowax 10 fused silica capil- 
lary column {30 m × 0.32 mm) at 200°C (injector and 
flame ionization detector temperatures 230°C, split 
ratio 1:100). The results were formulated with an HP 
3390A integrator. For quanti tat ive analyses, 17:0 
methyl ester was added as an internal standard. Fat ty  
acid methyl esters were identified by co-chromatogra- 
phy with authentic standards (Sigma, St. Louis, MO) 
and by gas chromatography-mass spectrometry (GC- 
MS}. GC-MS analyses were performed with a Finnigan 
500 mass spectrometer equipped with a carbowax cap- 
illary column {30 m X 0.25 mm). Chemical ionization 
spectra were obtained at 250 ev with isobutane as the 
reactant gas. The data shown are mean values of at 
least two independent samples, each analyzed in dupli- 
cate. 

Fractionation with urea. One gram of fatty acid 
methyl esters (FAME) was dissolved in 10 mL metha- 
nol containing 4 gram urea {E. Merck, Darmstadt, Ger- 
many} by heating the mixture to 65°C until clear. The 
urea and the urea inclusion complexes were allowed to 
crystallize at room temperature and then were refriger- 
ated overnight at 4 ° C and then at - 1 5  ° C. The mother 
liquor was separated by vacuum filtration and was 
extracted with 3 mL methylene chloride after addition 
of 6 mL water and 3 mL concentrated hydrochloric 
acid. The lower phase was separated and the aqueous 

JAOCS, Vol. 68, no. 1 (January 1991) 



PREPARATION OF EPA CONCENTRATE FROM PORPHYRIDIUM 

17 

layer  was r eex t r ac t ed  with  me thy lene  chloride. The 
combined  ex t r ac t s  were e v a p o r a t e d  to d ryness  and 
dissolved in methanol.  

Reverse phase chromatography. C-18 Sep pak  fil- 
ters  (Waters Associates,  Milford, MA} were precondi- 
t ioned with 5 m L  each of acetonitrile, water  and 25% 
acetonitrile-water. A solution of 1 m g  of the F A M E  
mixture  in 100 t~L methanol  was loaded onto the filter 
and eluted by  washing the column with 10 m L  vol of 
acetoni t r i le-water  mix tu re s  of  increas ing  ace~onitrile 
concentrat ions (58%-100%), at  a flow rate  of approxi- 
m a t e l y  5 mL/min.  Hep tadecano ic  acid m e t h y l  es ter  
was added as an internal s tandard.  Subsequently,  each 
fraction was ext rac ted  twice with methylene chloride 
and water. The combined organic phases  were evapo- 
ra ted to dryness,  reconst i tu ted in hexane and analyzed 
by  GC. 

RESULTS AND DISCUSSION 

A prel iminary evaluat ion of several  s t ra ins  of P. cruen- 
tum indicated tha t  s train 1380.1d was the mos t  prom- 
ising E P A  producer  (ll}. I t  had the highest  content  of 
EPA,  i.e., 2.4% of ash-free dry weight. This s t ra in had 
also a relatively low AA content.  The AA to E P A  ratio 
(R) reflects the degree of difficulty in the purification 
of EPA.  The lower the R value, the easier the separa- 
tion from AA. 

In  previous  s tudies  we have  d e m o n s t r a t e d  t ha t  
by  environmental  and nutri t ional  control it is possible 
to either increase or decrease the E P A  and AA content  
and thus the R value {9,10). Under  opt imal  growth  
conditions E P A  was found to be the major  f a t ty  acid, 
while under reduced growth ra te  AA becomes the main 
f a t ty  acid. 

P. eruentum strain 1380.1d was cul t ivated under  
conditions leading to a high E P A  content ,  i.e. a tem- 
pe ra tu re  of 25°C, high l ight  in t ens i ty  and low cell 
concentration. Under  these conditions, the  extracted  
oil contained 40.7% E P A  (% of to ta l  f a t t y  acids) and 
14.6% AA. Moreover,  approximate ly  90% of the E P A  
was rest r ic ted to the GL while the AA was pr imari ly  
conta ined  in the  neu t ra l  lipid and the  phosphol ip id  
fractions. Therefore, in order to purify E P A  f rom other 
f a t ty  acids and especially f rom AA, a prel iminary frac- 
t ionation of the GL from the oil was under taken.  In the  
acetone fraction which included the GL, the proport ion 
of E P A  increased to 47.5% while tha t  of AA decreased 
from 14.6% to 5.4% (Table 1). 

E P A  enrichment  by urea fractionation. The GL 
frac t ion  was t r a n s m e t h y l a t e d  and, by  fo rming  urea  
inclusion complexes, a lmost  all of the sa tu ra ted  and 
monounsa tu ra ted  f a t ty  acids were effectively removed.  
The E P A  and AA contents  increased to 81.9% and 
6.6% respectively.  I t  is interest ing to note tha t  the 
removal  was more efficient for C-18 F A M E  than  for 
C-16 F A M E  (Table 2). Also, while the urea  inclusion 
complexes  are p r imar i ly  fo rmed wi th  s a t u r a t e d  and 
monounsa tu ra ted  f a t ty  acids, the inclusion complexes 
contained some linoleic acid and AA, while E P A  was 
completely excluded. Thus,  not only was E P A  purified 
f rom sa tura ted  and monounsa tu ra ted  FAME,  but  a 
s ignif icant  pur i f ica t ion f rom AA was also achieved, 
as is evidenced in the R values which decreased f rom 
0.11 to 0.08 (Table 2). Similarly, Trait ler  et al. (14} have 
shown tha t  by  urea  fractionation of black currant  seed 
oil, it was possible to selectively enrich y-linolenic acid 
over a-linolenic acid. I t  appears  therefore tha t  the urea 
fractionation method could be utilized for more than  
jus t  the removal  of sa tu ra ted  and monounsa tu ra ted  

TABLE 1 

EPA Enrichment by Silica Gel Fractionation of P. cruentum Lipids 

Fatty acid composition 
(% of total fatty acids) 

16:0 16:1 18:0 18:1 18:2 20:2 20:3 20:4 20:5 R 
Totallipids 30.6 5.3 0.3 0.9 4.8 0.8 2.0 14.6 40.7 0.36 
Glycolipids 34.8 0.4 0.8 1.3 9.6 0.1 0.2 5.4 47.5 0.11 

fraction 

TABLE 2 

EPA and AA Concentration by Urea Treatment 

Fatty acid composition 
(% of total fatty acids) 

16:0 16:1 18:0 18:1 18:2 18:3 20:3 20:4 20:5 R 
FAME a 34.8 0.4 0.8 1.3 9.6 0.1 0.2 5.4 47.5 0.11 
FAME after urea 3.1 0.3 -- 0.6 7.3 0.1 0.2 6.6 81.9  0.08 

treatment 
FAME after 0.3 -- -- -- 0.9 -- 0.2 1.4 97.3 0.01 

chromatography 
aFAME of glycolipid fraction. 
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TABLE3 

EPAPurific~ionbyReversePhaseC~om~ograph~ 
Fatty acid composition 
(% of total fatty acids) 

% of total 
% CHaCHb 16:0 16:1 18:0 18:1 18:2 18:3 20:3 20:4 20:5 EPA c 

58 14.2 2.0 1.2 1.6 3.2 2.9 1.4 6.1 67.3 2.7 
59 1.6 0.1 0.2 0.0 1.7 0.4 0.5 2.3 93.2 29.1 
59 3.2 0.2 0.3 0.0 2.8 0.8 0.9 3.0 88.9 27.2 
59 2.4 0.3 0.4 0.2 4.0 1.O 1.5 4.8 85.4 25.2 
59 19.0 1.0 0.9 0.8 16.8 1.1 0.5 15.2 44.8 7.1 
60 32.4 1.1 0.8 1.3 21.3 0.7 1.9 17.1 23.4 4.2 
61 46.7 1.2 0.2 1.3 25.1 1.2 1.8 15.1 7.4 1.5 
62 60.8 1.2 0.7 1.7 15.9 0.0 3.9 10.1 5.6 0.9 
63 63.7 1.3 1.2 2.3 13.1 0.6 3.8 6.7 7.2 0.6 
65 68.8 1.5 0.7 3.1 7.6 2.0 1.9 5.3 9.1 0.5 

100 74.3 1.7 4.5 2.7 4.6 0.4 3.9 2.4 5.5 0.4 

Pre-separation 33.8 0.4 0.8 1.2 9.3 0.1 0.2 8.2 46.1 
m i x , r e  d 

aRepresentative example. 
bPercent of acetonitrile in acetonitrile-water. 
cpercent of total EPA -- the ratio of EPA content in fraction to total EPA eluted. 
dComposition of FAME mixture loaded on the column. 

f a t t y  acids .  The  inc lus ion  c o m p l e x  f o r m a t i o n  r e p o r t e d  
here  was  n o t  op t imized ,  a n d  i t  is  qu i t e  pos s ib l e  t h a t  
o p t i m i z a t i o n  cou ld  r e s u l t  in  an  e v e n  m o r e  e f f i c i en t  
r e m o v a l  of A A .  

The  s a m e  p r o c e d u r e  was  u t i l i zed  for  t he  p r e p a r a -  
t ion  of an  A A  concen t r a t e .  P. c r u e n t u m  s t r a i n  1380.1b 
was  p r e v i o u s l y  iden t i f i ed  as  a r ich  source  of  A A  (11). 
A t  t he  s t a t i o n a r y  phase ,  t h e  A A  c o n t e n t  i nc r ea sed  to  
41.7% of  t o t a l  f a t t y  ac ids .  The  oil was  t r a n s m e t h y l -  
a t e d  a n d  t r e a t e d  w i t h  u r e a  as  a b o v e  r e s u l t i n g  in t he  
A A  c o n t e n t  i n c r e a s i n g  to  80.0% (da t a  n o t  shown).  

E P A  pur i f i ca t ion  by  reverse  p h a s e  chromatogra-  
phy .  R e v e r s e  p h a s e  c h r o m a t o g r a p h y  is k n o w n  to  sepa-  
r a t e  f a t t y  ac ids  acco rd ing  to  cha in  l e n g t h  and  b y  de- 
g ree  of  u n s a t u r a t i o n  (15). Howeve r ,  s e p a r a t i o n  is gen- 
e r a l l y  a c h i e v e d  b y  h i g h - p e r f o r m a n c e  l iqu id  c h r o m a -  
t o g r a p h y  (HPLC)  w h i c h  is q u i t e  e x p e n s i v e .  I n  t h i s  
work,  we a t t e m p t e d  to  c o n c e n t r a t e  E P A  b y  open-bed  
r eve r s e  p h a s e  c h r o m a t o g r a p h y .  C-18 Sep p a k  f i l te rs  
were  u t i l i zed  as  a model .  A c e t o n i t r i l e - w a t e r  m i x t u r e s  
p r o v e d  to  be  more  se lec t ive  t h a n  m e t h a n o l - w a t e r  in t he  
s e p a r a t i o n  of E P A  f rom A A .  E q u a l  v o l u m e s  of increas-  
i ng  c o n c e n t r a t i o n s  of  ace ton i t r i l e  in w a t e r  were  ut i l -  
ized  to  e lu te  t he  F A M E  m i x t u r e s  (Table  3). The  f i r s t  
two  f r ac t i ons  (40% a n d  55% ace toni t r i l e )  c o n s i s t e d  of  
u n r e t a i n e d  F A M E .  Howeve r ,  t h e  p e r c e n t  of t o t a l  E P A  
found  in t h e s e  f r ac t ions  c o m b i n e d  was  less  t h a n  0.7%. 
E P A  s t a r t e d  to  e lu te  in t he  t h i r d  f r ac t ion  (58% ace- 
toni t r i le )  which  s t i l l  c o n t a i n e d  some  u n r e t a i n e d  ma te -  
rial.  No  a t t e m p t s  were  m a d e  to  i m p r o v e  the  s e p a r a t i o n  
a t  th i s  po in t ,  a s  t h i s  f r ac t ion  c o n t a i n e d  on ly  2.7% of  
t o t a l  E P A .  The  b u l k  of t he  E P A  was  e lu t ed  in t he  n e x t  
3 f r ac t ions  (59% ace toni t r i l e )  wh ich  c o n t a i n e d  81.5% 
of  t o t a l  E P A .  The  E P A  c o n t e n t  in each  f rac t ion  r a n g e d  
f rom 85.4% to  93.2%, whi le  A A  d id  n o t  exceed  4.8%. 
The  A A  and  18:2 c o n t e n t s  p e a k e d  a t  60% and  61% 
ace ton i t r i l e  r e spec t i ve ly .  W h i l e  t h i s  p r o c e d u r e  is effec- 

t i ve  for  r e m o v a l  of  s a t u r a t e d  a n d  m o n o u n s a t u r a t e d  
F A M E ,  i t  is  e n v i s a g e d  t h a t  on a l a rge  scale  i t  wou ld  
be  a d v a n t a g e o u s  to  p r e t r e a t  t he  m i x t u r e  wi th  urea .  
Indeed ,  w h e n  r eve r se  p h a s e  c h r o m a t o g r a p h y  was  pre- 
c e d e d  b y  u r e a  t r e a t m e n t ,  85% of  t h e  E P A  was  re- 
covered  a t  a 97.3% pu r i t y .  
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