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(57) ABSTRACT 
This invention is directed to a process for making an 
enriched mixture comprising a polyunsaturated fatty acid 
ester having the Formula (V): 

In one embodiment, this process comprises transesterifying 
an oil from SchiZochytrium sp. With an alcohol in the 
presence of a base to form a saturated fatty acid ester and the 
polyunsaturated fatty acid ester (the fatty acid esters are 
formed from the alcohol and fatty acid residues of at least 
one glyceride in the oil). Urea is subsequently dissolved in 
a medium comprising the fatty acid esters to form a medium 
comprising the fatty acid esters and dissolved urea. This 
medium is then cooled or concentrated to form (a) a pre 
cipitate comprising urea and at least a portion of the satu 
rated fatty acid ester, and (b) a liquid fraction comprising at 
least most of the polyunsaturated fatty acid ester. Afterward, 
the precipitate and liquid fraction are separated. In this 
embodiment, the alcohol is R3—OH, R3 is a hydrocarbyl or 
a substituted hydrocarbyl, and R4 is a straight chain hydro 
carbyl comprising 21 carbon atoms and at least 2 carbon 
carbon double bonds. 
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PROCESS FOR MAKING AN ENRICHED 
MIXTURE OF POLYUNSATURATED FATTY ACID 

ESTERS 

FIELD OF THE INVENTION 

[0001] This invention relates generally to a process for 
making an enriched mixture of esters of polyunsaturated 
fatty acids from a natural source containing a high concen 
tration of glycerides (particularly triglycerides) Which com 
prise one or more polyunsaturated fatty acid residues. In a 
particularly preferred embodiment, this invention is directed 
to making an enriched mixture of esters of polyunsaturated 
fatty acids (particularly esters of docosahexaenoic acid) 
from an oil obtained from the marine algae identi?ed as 
SchiZochytrium sp. 

BACKGROUND OF THE INVENTION 

[0002] Many polyunsaturated fatty acids are knoWn to 
have therapeutic and nutritional bene?ts. One such fatty acid 
is docosahexaenoic acid (“DHA”). DHA is a 22-carbon, 
naturally occurring, unbranched fatty acid comprising 6 
carbon-carbon double bonds (With the biologically active 
form containing all cis carbon-carbon double bonds). DHA 
and many of its derivatives (e.g., esters comprising a DHA 
residue, particularly the ethyl ester of DHA and triglycerides 
containing one or more DHA residues) have been used, for 
example, to treat cardiovascular and in?ammatory diseases. 
They also have been added to infant milk to promote the 
development of brain and retina functions. Use of DHA 
esters (as opposed to the free DHA fatty acid) is often 
particularly advantageous because such esters (especially 
the ethyl ester and triglycerides) tend to have a palatable 
taste and tend to be easily absorbed by animal digestive 
systems. 

[0003] Sources of DHA and derivatives thereof include 
marine animal oils, ?sh oils (e.g., menhaden oil, salmon oil, 
mackerel oil, cod oil, herring oil, sardine oil, capelin oil, and 
tuna oil), marine algae (e.g., SchiZochytrium sp.), and 
human milk. Such sources, hoWever, normally contain a 
substantial amount of saturated fatty acid residues (often as 
residues of triglyceride molecules) Which dilute the concen 
tration of DHA residues in the oil. It is therefore advanta 
geous to reduce the concentration of undesirable saturated 
fatty acid residues in the oil While increasing the concen 
tration of DHA or a derivative(s) thereof. 

[0004] Numerous methods have been used alone or in 
combination to isolate (or at least concentrate) and recover 
speci?c fatty acids and their derivatives from various natu 
rally occurring sources. These processes include fractional 
crystalliZation at loW temperatures, molecular distillation, 
urea adduct crystalliZation, extraction With metal salt solu 
tions, super critical ?uid fractionation on countercurrent 
columns, and high performance liquid chromatography. 

[0005] In W. W. Christie, Lipid Analysis, pp. 147-49 
(Pergamon Press, 1976), a method is disclosed generally for 
using urea to separate methyl esters of saturated fatty acids 
from a mixture Which also contains methyl esters of poly 
unsaturated fatty acids. According to Christie, When urea is 
permitted to crystalliZe in the presence of various long-chain 
aliphatic compounds, it forms hexagonal crystals Which 
incorporate the aliphatic compounds (a urea crystal Which 
incorporates an aliphatic compound is sometimes referred to 
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as a “urea complex”), thereby alloWing the aliphatic com 
pounds to be easily separated from the solution via ?ltration. 
Christie states generally that methyl esters of saturated fatty 
acids form urea complexes more readily than methyl esters 
of unsaturated fatty acids having the same length, and that 
methyl esters of unsaturated fatty acids having trans double 
bonds form urea complexes more readily than methyl esters 
of analogous fatty acids having cis double bonds. Christie 
also reports using urea crystalliZation to concentrate methyl 
esters of polyunsaturated fatty acids from a mixture con 
taining methyl esters of polyunsaturated fatty acids and 
methyl esters of saturated fatty acids. 

[0006] Another reference directed to separating methyl 
esters of fatty acids using urea crystalliZation is T. Nakahara, 
T. Yokochi, T. Higashihara, S. Tanaka, T. Yaguchi, & D. 
Honda, “Production of Docosahexaenoic and Docosapen 
taenoic Acids by SchiZochytrium sp. Isolated from Yap 
Islands,”JAOCS, vol. 73, no. 11, pp. 1421-26 (1996). Naka 
hara et al. report making a mixture of methyl esters of fatty 
acids by Washing and drying SchiZochytrium sp. cells, and 
then methyl-esterifying the cells directly With methanol in 
the presence of 10% HCl. Nakahara et al. report that 34.9% 
of the resulting methyl esters contained DHA residues, and 
8.7% contained DPA residues. To concentrate these polyun 
saturated fatty acid methyl esters, Nakahara et al. report 
adding methanol and urea to the mixture, heating the mix 
ture to 60° C. to dissolve the urea, and then cooling the 
mixture to 10° C. to crystalliZe the urea. Nakahara et al. 
report that they Were able to recover 73.3% of the DHA 
methyl esters and 17.7% of the DPA methyl esters using this 
method. 

[0007] The groWing use of polyunsaturated fatty acids 
(particularly DHA) and esters thereof in medical and nutri 
tional applications has created a further need for a cost 

effective and reliable process that may be used to prepare a 
composition comprising an enriched concentration of poly 
unsaturated fatty acid compounds (and a minimal concen 
tration of saturated fatty acid compounds) from sources 
(particularly naturally occuring sources) of glycerides hav 
ing at least one polyunsaturated fatty acid residue. 

SUMMARY OF THE INVENTION 

[0008] This invention provides for a novel and useful 
process for making an enriched composition comprising 
polyunsaturated fatty acid compounds (particularly com 
pounds containing a DHA residue). This process is particu 
larly advantageous because it provides a method for enrich 
ment of polyunsaturated fatty acid esters (e.g., methyl and 
ethyl esters) despite the fact that: (1) the compounds 
involved here are highly complex molecules (e.g., they 
contain carbon chains having from 3 to 21 carbon atoms and 
up to 6 double bonds), and (2) there often is only a subtle 
difference in structure betWeen polyunsaturated fatty acid 
compounds and many saturated fatty acid compounds. 

[0009] Brie?y, therefore, this invention is directed to a 
process for making a mixture comprising a polyunsaturated 
fatty acid ester having the Formula (V): 
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(V) 

[0010] In one embodiment, the process comprises trans 
esterifying an oil from SchiZochytrium sp. With an alcohol 
in the presence of a base to form a saturated fatty acid ester 
and the polyunsaturated fatty acid ester (these fatty acid 
esters are formed from the alcohol and fatty acid residues of 
at least one glyceride in the oil). Urea is subsequently 
dissolved in a medium comprising the fatty acid esters to 
form a medium comprising the fatty acid esters and dis 
solved urea. This medium is then cooled or concentrated to 

form (a) a precipitate comprising urea crystals and at least a 
portion of the saturated fatty acid ester, Which is trapped 
Within the urea crystals; and (b) a liquid fraction comprising 
at least most of the polyunsaturated fatty acid ester. After 
Ward, the precipitate is separated from the liquid fraction. 
Here, the alcohol is R3—OH, R3 is a hydrocarbyl or a 
substituted hydrocarbyl, and R4 is a straight chain hydro 
carbyl comprising 21 carbon atoms and at least 2 carbon 
carbon double bonds. 

[0011] In another embodiment, the process comprises 
transesterifying an oil from SchiZochytrium sp. With an 
alcohol in the presence of an acid to form a saturated fatty 

acid ester and the polyunsaturated fatty acid ester (these 
fatty acid esters are formed from the alcohol and fatty acid 
residues of at least one glyceride in the oil). Urea is 
subsequently dissolved in a medium comprising the fatty 
acid esters to form a medium comprising the fatty acid esters 
and dissolved urea. This medium, in turn, is cooled to a 
temperature of no less than about 15° C. to form (a) a 
precipitate comprising urea crystals and at least a portion of 
the saturated fatty acid ester, Which is trapped Within the 
urea crystals; and (b) a liquid fraction comprising at least 
most of the polyunsaturated fatty acid ester. AfterWard, the 
precipitate is separated from the liquid fraction. Here, the 
alcohol is R3—OH, R3 is a hydrocarbyl or a substituted 
hydrocarbyl, and R4 is a straight chain hydrocarbyl com 
prising 21 carbon atoms and at least 2 carbon-carbon double 
bonds. 

[0012] In another embodiment, the process comprises 
transesterifying an oil from SchiZochytrium sp. With an 
alcohol in the presence of an acid to form a reaction mixture 
comprising a saturated fatty acid ester and the polyunsatu 
rated fatty acid ester (the fatty acid esters are formed from 
the alcohol and fatty acid residues of at least one glyceride 
in the oil). At least most of the polyunsaturated fatty acid 
ester is subsequently separated from the reaction mixture to 
form a miXture comprising the polyunsaturated fatty acid 
and a residual amount of the saturated fatty acid ester. Urea 
is then dissolved in a medium comprising the separated 
polyunsaturated fatty acid ester and residual saturated fatty 
acid ester to form a medium comprising the separated 
polyunsaturated fatty acid ester, residual saturated fatty acid 
ester, and dissolved urea. This medium, in turn, is cooled or 
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concentrated to form (a) a precipitate comprising urea 
crystals and at least a portion of the residual saturated fatty 
acid ester, Which is trapped Within the urea crystals; and (b) 
a liquid fraction comprising at least most of the separated 
polyunsaturated fatty acid ester. AfterWard, the precipitate is 
separated from the liquid fraction. Here, the alcohol is 
R3—OH, R3 is a hydrocarbyl or a substituted hydrocarbyl, 
and R4 is a straight chain hydrocarbyl comprising 21 carbon 
atoms and at least 2 carbon-carbon double bonds. 

[0013] In another embodiment, the process comprises 
transesterifying an oil from SchiZochytrium sp. With an 
alcohol in the presence of an acid to form a saturated fatty 

acid ester and the polyunsaturated fatty acid ester (these 
fatty acid esters are formed from the alcohol and fatty acid 
residues of at least one glyceride in the oil). Urea is 
subsequently dissolved in a medium comprising the fatty 
acid esters to form a medium comprising the fatty acid esters 
and dissolved urea. This medium, in turn, is cooled to a 
temperature of no less than 10° C. to form (a) a precipitate 
comprising urea crystals and at least a portion of the 
saturated fatty acid ester, Which is trapped Within the urea 
crystals; and (b) a liquid fraction comprising at least most of 
the polyunsaturated fatty acid ester. AfterWard, the precipi 
tate is separated from the liquid fraction. Here, the alcohol 
is R3—OH, R3 comprises at least 2 carbon atoms and is a 
hydrocarbyl or substituted hydrocarbyl, and R4 is a straight 
chain hydrocarbyl comprising 21 carbon atoms and at least 
2 carbon-carbon double bonds. 

[0014] In another embodiment, the process comprises 
forming the polyunsaturated fatty acid ester and a saturated 
fatty acid ester (these fatty acid esters are formed from at 
least one glyceride obtained from SchiZochytrium sp.). A 
solvent comprising the fatty acid esters is subsequently 
cooled to a temperature of no less than about —30° C. and no 

greater than about 0° C. to form (a) a precipitate comprising 
at least a portion of the saturated fatty acid ester, and (b) a 
liquid fraction comprising at least most of the polyunsatu 
rated fatty acid ester. AfterWard, the precipitate is separated 
from the liquid fraction. Here, the saturated fatty acid ester 
has Formula (VI): 

(VI) 
O 

ll 

[0015] R3 is a hydrocarbyl or a substituted hydrocarbyl, R 4 
is a straight chain hydrocarbyl comprising 21 carbon atoms 
and at least 2 carbon-carbon double bonds, and R5 is a 
hydrocarbyl comprising no double bonds. 

[0016] Other features of this invention Will be in part 
apparent and in part pointed out hereinafter. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0017] In accordance With the present invention, a novel 
and useful process has been developed for making a com 
position containing an enriched concentration of polyun 
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saturated fatty acid esters (particularly esters containing a 
DHA residue) from sources Which comprise a glyceride 
having at least one polyunsaturated fatty acid residue. This 
process generally comprises 2 steps: (1) transesterifying the 
starting material to form a polyunsaturated fatty acid ester 
(particularly an ester of DHA) and a saturated fatty acid 
ester; and (2) separating the polyunsaturated fatty acid ester 
from at least a portion of the saturated fatty acid ester via 
urea crystalliZation or WinteriZation, thereby enriching the 
concentration of the polyunsaturated fatty acid ester. 

[0018] A. Starting Material 

[0019] The starting materials that may be used in accor 
dance With this invention vary Widely. Preferably, the start 
ing material is a naturally occurring source that comprises at 
least one glyceride (most preferably a triglyceride) Which 
comprises at least one polyunsaturated fatty acid residue. In 
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fatty acid residue. Where multiple fatty acid residues are 
present, the fatty acid residues may be the same or different. 

[0021] In many suitable starting materials, the bulk of 
glycerides are triglycerides. A “triglyceride” is an ester of 
three fatty acid residues and glycerol, and has the general 
chemical formula: 

CH2(OOCR1)CH(OOCR2)CH2(OOCR3), Wherein OOCR1, 
OOCR2, and OOCR3 are each fatty acid residues. To illus 
trate, a triglyceride having tWo 4,7,10,13,16,19-22:6 resi 
dues (i.e., a DHA fatty acid residue containing 22 carbon 
atoms and 6 carbon-carbon cis double bonds betWeen the 4th 
& 5th, 7th & 8th, 10th & 11th, 13th & 14th, 16th & 17th, and 
19th & 20th carbon atoms, counting from the carbonyl group 
of the residue, the carbon of the carbonyl group being the 
?rst carbon counted) and one palmitic acid residue (i.e., a 
fatty acid residue comprising 16 carbon atoms containing no 
carbon-carbon double bonds) may have the folloWing For 
mula 

(I) 

a particularly preferred embodiment, at least about 10% 
(more preferably at least about 25%, and most preferably at 
least about 30%) of the fatty acid residues in the source are 
the desired polyunsaturated fatty acid residues. Where, for 
example, the desired polyunsaturated fatty acid compound is 
DHA or a derivative thereof, the source preferably is a 

marine animal oil, ?sh oil (e.g., menhaden oil, salmon oil, 
mackerel oil, cod oil, herring oil, sardine oil, capelin oil, and 
tuna oil), marine algae, or human milk. In an especially 

[0022] To illustrate further, a triglyceride having a 4,7,10, 
13,16,19-2216 residue; a 4,7,10,13,16-22z5 residue (i.e., a 
DPA fatty acid residue containing 22 carbon atoms and 5 
carbon-carbon cis double bonds betWeen the 4th & 5th, 7th 
& 8th, 10th & 11th, 13th & 14th, and 16th & 17th carbon 
atoms, counting from the carbonyl group of the residue, the 
carbon of the carbonyl group being the ?rst carbon counted); 
and a palmitic acid residue may have the folloWing Formula 

(II): 

(II) 

preferred embodiment, the DHA source is the oil from the 
marine algae identi?ed as SchiZochytrium sp. This oil is 
commercially available, for example, under the trade name 
SEAGOLD from Monsanto Co. (St. Louis, Mo.). 

[0020] As used herein, a “glyceride” is an ester of glycerol 
and at least one fatty acid, Wherein from 1 to 3 of the 
hydroXyl groups of the glycerol have been replaced by a 

[0023] As shoWn in Formulas (I) and (II), each fatty acid 
residue may be either saturated (i.e., all the bonds betWeen 
the carbon atoms are single bonds) or unsaturated (i.e., there 
is at least one carbon-carbon double or triple bond). Unsat 
urated fatty acid residues are sometimes identi?ed herein by 
an omega (“no”) number. This number denominates the 
position of the ?rst double bond, When counting from the 
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terminal methyl group of the fatty acid or fatty acid residue. 
For example, in Formulas (I) and (II), the DHA residues are 
00-3 fatty acid residues. The DPA residue in Formula (II), on 
the other hand, is an 00-6 fatty acid residue. Generally, 
polyunsaturated fatty acid residues having the most bene? 
cial medical and nutritional properties are 00-3 fatty acid 
residues. 

[0024] B. Transesteri?cation of the Glycerides in the Start 
ing Material to Form Separate Esters of the Fatty Acid 
Residues of the Glycerides 

[0025] The purpose of the transesteri?cation step is to 
cleave the fatty acid residues from the glycerol backbone of 
the glycerides in the starting material and form separate 
esters of each of the residues so that they can be isolated 

from each other. As used herein, an ester of a fatty acid 
residue has the folloWing Formula (III): 

(III) 

[0026] Wherein R1 is the straight hydrocarbyl chain of the 
fatty acid residue, and R2 is a hydrocarbyl or substituted 
hydrocarbyl. For example, the methyl ester of 4,7,10,13,16, 
19-22:6 having all cis carbon-carbon double bonds (i.e., the 
methyl ester of DHA) has the folloWing Formula (IV): 
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[0029] Wherein R2—OH is the alcohol; R2 is a hydrocar 
byl or a substituted hydrocarbyl; and R6, R7, and R8 are the 
straight hydrocarbyl chains of the fatty acid residues. It is 
presently believed that, during base-catalyZed transesteri? 
cation, the alcohol is de-protonated to form an oxide ion, 
Which, in turn, attacks the carbonyl groups on the triglyc 
eride to form separate RZ-esters of each of the fatty acid 
residues of the triglyceride. During acid-catalyzed transes 
teri?cation, on the other hand, the carbonyl oxygen atoms of 
the glyceride are protonated and then subjected to nucleo 

(IV) 

[0027] In a preferred embodiment, the glycerides are 
transesteri?ed to form alkyl esters of the fatty acid residues. 
These alkyl esters preferably are loWer alkyl esters (i.e., R2 
in Formula (III) is a hydrocarbyl containing from 1 to 6 
carbon atoms). More preferably, the esters are methyl esters 
or ethyl esters (i.e., R2 in Formula (III) is a hydrocarbyl 
containing 1 or 2 carbon atoms). Most preferably, the esters 
are ethyl esters (i.e., R2 in Formula (III) is a hydrocarbyl 
containing 2 carbon atoms). Ethyl esters typically taste 
better and are less toxic (e. g., When ethyl esters hydrolyZe in 
the digestive tract to form free fatty acids, they produce 
ethanol as a byproduct; on the other hand, the hydrolysis of 
methyl esters produces methanol as a byproduct, Which is 
generally more toxic than ethanol). 

[0028] In a particularly preferred embodiment of this 
invention, the transesteri?cation reaction is catalyZed by a 
base or an acid. This reaction comprises contacting the 
starting material With an alcohol in the presence of the base 
or acid, as the folloWing reaction illustrates for a triglyceride 
starting material: 

philic attack by the alcohol to form the separate RZ-esters of 
each of the fatty acid residues. 

[0030] Because formation of loWer alkyl esters is gener 
ally preferred, the alcohol preferably is a loWer alkyl alcohol 
containing from 1 to 6 carbon atoms. More preferably, the 
alcohol is methanol (Which reacts With glycerides to form 
methyl esters of the fatty acid residues) or ethanol (Which 
reacts With glycerides to form ethyl esters of the fatty acid 
residues). Most preferably, the alcohol is ethanol. 

[0031] Acid-catalyzed transesteri?cation may be carried 
out, for example, by incubating a triglyceride at from about 
0 to about 150° C. in a mixture containing the alcohol and 
an acid (e.g., HCl), preferably under a non-oxidiZing atmo 
sphere and in the absence of Water. In one embodiment, the 
triglyceride/acid/alcohol mixture is re?uxed for at least 
about 2 hours. In another embodiment, the triglyceride/acid/ 
alcohol mixture is maintained at from about 0 to about 50° 
C. overnight. The alcohol preferably has the formula 
R2—OH (Wherein R2 is de?ned above for Formula III), and 
is selected to form the desired fatty acid ester. For example, 
methanol may be used to form methyl esters, and ethanol 
may be used to form ethyl esters. Because acid-catalyZed 
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transesteri?cation is typically reversible, the alcohol prefer 
ably is present in a large excess so that the reaction proceeds 
essentially to completion. Preferably, the triglyceride con 
centration in the alcohol/acid mixture is from about 0.1 to 
about 15% by Weight, and most preferably about 3% by 
Weight. If the acid is HCl, the concentration of HCl in the 
alcohol/HCl mixture preferably is from about 4 to about 
15% by Weight, and most preferably about 10% by Weight. 
Such a mixture may be prepared by various methods knoWn 
in the art, such as bubbling dry gaseous hydrogen chloride 
into dry ethanol, or adding 1 ml of acetylchloride to each 10 
ml of alcohol (to form approximately 10% by Weight HCl in 
alcohol). Although HCl is most preferred, other acids may 
alternatively be used. One such acid is or H2504, Which 
typically is used at a concentration of from about 0.5 to 
about 5% by Weight in the alcohol. It should be noted, 
hoWever, that because HZSO4 is a strong oxidiZing agent, it 
preferably is not used With long re?ux times (i.e., greater 
than about 6 hours), at high concentrations (i.e., greater than 
about 5% by Weight), or at high temperatures (i.e., greater 
than 150° C.). Another example of a suitable acid is boron 
tri?uoride, Which preferably is used at a concentration of 
from about 1 to about 20% by Weight in the alcohol. Boron 
tri?uoride, hoWever, is less preferred than HCl because 
boron tri?uoride has a greater tendency to produce undesir 
able byproducts. 
[0032] A triglyceride alternatively may be transesteri?ed 
by, for example, base-catalyZed transesteri?cation Wherein 
the triglyceride is transesteri?ed by an alcohol in the pres 
ence of a basic catalyst. In this instance, the base may be, for 
example, sodium methoxide, potassium methoxide, elemen 
tal sodium, sodium hydroxide, or potassium hydroxide. 
Preferably, the volumetric ratio of triglyceride to the base/ 
alcohol mixture is at least about 1:1, and most preferably 
about 1:2. The concentration of the base in the alcohol 
preferably is from about 0.1 to about 2 M. In one embodi 
ment, the base-catalyZed transesteri?cation reaction is con 
ducted at room temperature (i.e., at a temperature of from 
about 20 to about 25° C.) for from about 6 to about 20 hours. 
In another embodiment, the base-catalyZed transesteri?ca 
tion reaction is conducted at a temperature greater than room 
temperature. In this embodiment, the glyceride/alcohol/cata 
lyst solution preferably is heated to a temperature of at least 
about 40° C., more preferably from about 70 to about 150° 
C., and most preferably at about 100° C. In a particularly 
preferred embodiment, the solution is heated using a re?ux 
condenser so that the reaction mixture may be heated to 
temperatures above the boiling point of one or more com 
ponents in the mixture Without losing the components into 
the vapor phase (i.e., When the components vaporiZe, they 
rise into the re?ux condenser Which has a cooler tempera 
ture, thereby causing the vapor to condense into a liquid and 
?oW back into the liquid mixture). 
[0033] During the transesteri?cation reaction, the reacting 
mixture preferably is placed under a non-oxidiZing atmo 
sphere, such as an atmosphere consisting essentially of a 
noble gas, N2, or a combination thereof. Use of such an 
atmosphere is particularly preferred if the transesteri?cation 
reaction is conducted over a period of time exceeding about 
10 minutes. An atmosphere consisting essentially of N2 is 
most preferred due to the relatively loW cost of N2. Placing 
the reacting mixture under a non-oxidiZing atmosphere is 
advantageous because oxidiZing atmospheres tend to cause 
the carbon-carbon double bonds of the polyunsaturated fatty 
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acid residues to oxidiZe to form, for example, aldehydes and 
epoxides. Such oxidiZed residues are undesirable, in part, 
because they tend to make the fatty acid moieties less 
palatable. An antioxidant (e.g., ascorbyl palmitate or propyl 
gallate) may also be added to the reacting mixture to prevent 
auto-oxidation, and is particularly preferred Where a non 
oxidiZing atmosphere is not used. 

[0034] The transesteri?cation may be conducted in a mix 
ture comprising an organic solvent. This solvent may vary 
Widely, but preferably is capable of solubiliZing the glycer 
ide that comprises the polyunsaturated fatty acid residue. 
Where the starting material comprises more than one glyc 
eride, the organic solvent preferably is capable of solubiliZ 
ing all the glycerides. Examples of often suitable solvents 
include dichloromethane, acetonitrile, ethyl acetate, and 
diethyl ether. Dichloromethane is presently most preferred. 

[0035] FolloWing the transesteri?cation reaction, the 
esters preferably are separated from the reaction mixture by 
adding Water. Often, these esters (Which are organic) rise to 
the top of the reaction mixture and may simply be skimmed 
from the remaining reaction mixture. This is particularly true 
in large-scale, industrial applications. 

[0036] Alternatively, liquid-liquid solvent extraction may 
be used to separate the esters from the remaining reaction 
mixture. This extraction may vary Widely. In one embodi 
ment, for example, the extraction generally begins by adding 
Water to the mixture, and then extracting the esters With a 
non-polar solvent. The amount of Water added to the reac 
tion mixture may vary Widely, and most typically is about 
1:1. If the transesteri?cation is base-catalyZed, the Water 
preferably comprises suf?cient acid to neutraliZe the mix 
ture, or, even more preferably, to impart a slightly acidic pH 
to the mixture. The acid used is not critical, and may, for 
example, be hydrochloric acid, citric acid, or acetic acid, 
With hydrochloric acid being most preferred. The ratio of 
total volume of non-polar solvent to the volume of reaction 
mass (including the Water added) also may vary Widely, and 
is most preferably from about 1:3 to about 4:3. In a particu 
larly preferred embodiment, the mixture is extracted With 
multiple fractions (preferably 3 fractions) of the non-polar 
organic solvent Which are subsequently combined after the 
individual extractions are completed. Examples of suitable 
non-polar solvents include petroleum ether, pentane, hex 
ane, cyclohexane, or heptane, With hexane and petroleum 
ether being the most preferred. The non-polar solvent also 
may contain a small amount of slightly polar organic solvent 
as Well, such as diethyl ether. Use of such a slightly polar 
component tends to improve the extraction of fatty acid 
esters from the aqueous layer because such esters also are 
slightly polar. If a slightly polar organic component is used, 
the volumetric concentration of the slightly polar component 
to the non-polar component preferably is no greater than 
about 20%, more preferably no greater than about 10%, and 
most preferably from about 5 to about 10%. The resulting 
extraction organic solvent layer may be Washed to remove, 
for example, any residual free acid and/or residual Water in 
the layer. Removal of residual free acid preferably is 
achieved by Washing the layer With an aqueous solution 
containing a Weak base, e. g., an aqueous solution containing 
about 2% by Weight of potassium bicarbonate concentration. 
Removal of residual Water may be achieved, for example, by 
Washing the layer With brine (i.e., a saturated salt solution) 
and/or passing the layer over an anhydrous salt (e.g., sodium 
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sulfate or magnesium sulfate). If the solvent is Washed With 
brine, the volumetric ratio of brine to solvent preferably is 
about 1:6. 

[0037] Following the extraction, the fatty acid esters in the 
non-polar solvent layer may be concentrated. In one 
embodiment of this invention, the esters are concentrated by 
evaporating a portion of the non-polar solvent. 

[0038] C. Separating the Polyunsaturated Fatty Acid 
Ester(s) from at Least a Portion of at Least One Saturated 
Fatty Acid Ester via Urea Crystallization or WinteriZation 

[0039] Transesteri?cation of a naturally occurring starting 
material typically produces other fatty acid esters in addition 
to the desired polyunsaturated fatty acid ester(s). As noted 
earlier, many such fatty esters (particularly saturated fatty 
esters) tend to have unknoWn and/or adverse medical and 
nutritional properties. It is therefore often advantageous to 
remove at least a portion of the saturated fatty esters from 
the transesteri?cation reaction mixture to form an enriched 
mixture containing the desired polyunsaturated fatty acid(s). 
This separation preferably is performed using either urea 
crystalliZation or WinteriZation. 

[0040] 1. Urea Crystallization 

[0041] When urea crystalliZes in a solution containing 
polyunsaturated fatty acid esters (e.g., esters of DHA) and 
saturated fatty acid esters formed by the transesteri?cation 
of a glyceride source using the techniques discussed above, 
a precipitate forms Which comprises the urea and at least a 
portion of the saturated fatty acid esters. This precipitate, 
hoWever, comprises a substantially lesser fraction of the 
polyunsaturated fatty acid esters than the initial reaction 
mixture. The bulk of the polyunsaturated fatty acid esters, 
instead, remain in solution and can therefore be easily 
separated from the precipitated saturated fatty acid esters. 

[0042] The urea crystalliZation separation process com 
prises ?rst forming a solution comprising fatty acid esters 
and urea. The amount of urea preferably is proportional to 
the total amount of saturated fatty acids to be separated from 
the solution. When separating fatty acid esters from the 
transesteri?cation reaction mixtures described above, the 
mass ratio of the mixture of fatty acid esters to urea is 
typically about 1:2. The solution also preferably comprises 
an organic solvent Which can solubiliZe urea and the desired 
polyunsaturated fatty acid ester, and more preferably can 
solubiliZe urea and all the fatty acid esters in the mixture. 
Examples of often suitable solvents include alkyl alcohols 
having from 1 to 4 carbons, With methanol and ethanol being 
more preferred, and ethanol being the most preferred. The 
volumetric ratio of the mixture of fatty acid esters to solvent 
is preferably about 1:10. 

[0043] Essentially all the urea preferably is dissolved in 
the solution. This may generally be achieved by heating the 
solution. The solution, hoWever, preferably is not heated to 
a temperature above the boiling point of the organic solvent. 
Typically, the solution preferably is heated to a temperature 
of about 60° C. 

[0044] Once the urea is dissolved in the solution, the 
mixture preferably is cooled to form a precipitate compris 
ing urea. Preferably, the solution is cooled to a temperature 
Which is greater than 10° C., more preferably to a tempera 
ture Which is no less than about 15° C., still more preferably 
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to a temperature Which is no less than about 20° C., and most 
preferably to a temperature of from about 20 to about 25° C. 
Once the solution is cooled, it preferably is alloWed to stand 
for a period of time (typically no greater than about 20 
hours) at the cooling temperature With occasional stirring. 
[0045] In another embodiment of this invention, after the 
solution comprising fatty acid esters and dissolved urea is 
formed, a precipitate comprising urea is formed by concen 
trating the solution. The solution may be concentrated, for 
example, by evaporating a portion of the solvent in the 
solution. The amount of solvent removed preferably is 
sufficient to cause the urea concentration in the solution to 
exceed the saturation concentration. 

[0046] During the urea crystalliZation separation process, 
the solution preferably is kept in a non-oxidiZing atmo 
sphere, such as an atmosphere consisting essentially of a 
noble gas, N2, or a combination thereof, With an atmosphere 
consisting essentially of N2 being most preferred. As noted 
above, use of such an atmosphere aids in minimiZing oxi 
dation of carbon-carbon double bonds of the polyunsatu 
rated fatty acid esters. 

[0047] After the precipitate comprising urea has formed, 
the precipitate preferably is separated from the liquid frac 
tion enriched in polyunsaturated esters. This may be 
achieved, for example, by ?ltration or centrifugation. In a 
particularly preferred embodiment, the precipitate is subse 
quently Washed With a small quantity of the organic solvent 
(preferably saturated With urea) to recover any residual 
unprecipitated desired polyunsaturated fatty acid ester that 
remains With the precipitate. This solvent, in turn, preferably 
is combined With the liquid fraction. 

[0048] The liquid fraction preferably is concentrated, 
combined With Water, and then the esters therein are pref 
erably extracted With a non-polar solvent from the resulting 
mixture. The liquid fraction may be concentrated, for 
example, by evaporating a portion of the solvent from the 
liquid fraction (the amount of solvent evaporated, hoWever, 
preferably is not so great as to cause further urea to pre 
cipitate). The amount of Water subsequently combined With 
the resulting concentrated liquid fraction may vary Widely. 
Preferably, the volume ratio of Water to concentrated liquid 
fraction is about 2: 1 (in a particularly preferred embodiment, 
suf?cient acid (preferably HCl) is also introduced to neu 
traliZe the urea). The non-polar solvent that may be used to 
extract the fatty acid esters from the resulting concentrated 
mother-liquor/Water mixture may be, for example, petro 
leum ether, pentane, hexane, cyclohexane, ethyl acetate, or 
heptane, With hexane being the most preferred. The volu 
metric ratio of the non-polar solvent to the concentrated 
mother-liquor/Water mixture preferably is about 2:3. 

[0049] In an especially preferred embodiment, the liquid 
fraction is also extracted With a slightly polar organic solvent 
to maximiZe recovery of the fatty acid esters (Which, as 
noted above, are slightly polar). Examples of suitable 
slightly polar solvents include diethyl ether and ethyl 
acetate, With diethyl ether being most preferred. Preferably, 
the volumetric ratio of slightly polar solvent to the mother 
liquor/Water mixture is about 2:3. FolloWing the extraction 
With this slightly polar solvent, the solvent preferably is 
combined With the non-polar solvent used in the initial 
extraction. 

[0050] After the extraction is complete, any residual Water 
may be removed from the extraction solvent by, for example, 
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Washing the solvent With brine and/or passing the solvent 
over an anhydrous salt (e.g., sodium sulfate). The solution 
then preferably is concentrated by, for example, evaporating 
a portion of the solvent. 

[0051] 2. WinteriZation 

[0052] It has been found in accordance With this invention 
that WinteriZation is a time-ef?cient alternative to urea 
crystalliZation for enriching the concentration of a polyun 
saturated fatty acid ester in a fatty acid ester mixture 
comprising the polyunsaturated fatty acid ester and saturated 
fatty acid esters. WinteriZation comprises cooling a solution 
comprising the polyunsaturated fatty acid ester and the 
saturated fatty acid esters to a temperature Which Will cause 
at least a portion of the saturated fatty acid esters to 
precipitate, While causing a substantially less proportion of 
the desired polyunsaturated fatty acid ester to precipitate. 

[0053] WinteriZation is typically conducted in an organic 
solvent that can solubiliZe the desired polyunsaturated fatty 
acid ester and at least one saturated fatty acid ester in the 
fatty acid ester mixture. Suitable solvents include, for 
example, methanol and ethanol, With methanol being the 
most preferred. Preferably, the volumetric ratio of the fatty 
acid ester mixture to the organic solvent is about 1:12. 

[0054] Preferably, after the fatty acid mixture is dissolved 
in the organic solvent, the solution is cooled to a temperature 
Which is loW enough to cause a precipitate to form Which 
comprises at least one saturated fatty acid ester. Preferably, 
hoWever, the solution is not cooled to a temperature so loW 
that the amount of the desired polyunsaturated fatty acid 
ester(s) (e.g., an ester of DHA and/or DPA) in the precipitate 
exceeds about 30 Wt. % of the amount of desired polyun 
saturated fatty acid ester(s) in the fatty acid mixture before 
conducting the WinteriZation. More preferably, the solution 
is not cooled to a temperature so loW that the amount of the 
desired polyunsaturated fatty acid ester(s) in the precipitate 
exceeds 25 Wt. % of the amount of the desired polyunsatu 
rated fatty acid ester(s) in the fatty acid mixture before 
conducting the WinteriZation. And most preferably, the solu 
tion is not cooled to a temperature so loW that the amount of 
the desired polyunsaturated fatty acid ester(s) in the precipi 
tate exceeds 20 Wt. % of the amount of the desired polyun 
saturated fatty acid ester(s) in the fatty acid mixture before 
conducting the WinteriZation. In a particularly preferred 
embodiment of this invention, the solution is cooled to a 
temperature Which is no greater than about 0° C., more 
preferably from about —30 to about —10° C., still more 
preferably from about —25 to about —15° C., and most 
preferably about —20° C. The solution preferably is main 
tained at these temperatures for up to about 20 hours, and 
kept under a non-oxidiZing atmosphere to minimiZe the 
oxidation of the carbon-carbon double bonds of the poly 
unsaturated fatty acid esters. 

[0055] After forming the precipitate, the solution prefer 
ably is separated from the precipitate to form a liquid 
fraction enriched in the desired polyunsaturated fatty acid 
ester(s). This may be achieved, for example, by ?ltration or 
centrifugation. After the liquid fraction is separated, it may 
be concentrated by, for example, evaporating the solvent in 
a rotary evaporator. 
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De?nitions 

[0056] Unless otherWise stated, the folloWing de?nitions 
should be used: 

[0057] The term “hydrocarbyl” is de?ned as a radical 
consisting exclusively of carbon and hydrogen. The hydro 
carbyl may be branched or unbranched, may be saturated or 
unsaturated, and may contain one or more rings. Suitable 
hydrocarbyl residues include alkyl, alkenyl, alkynyl, and 
aryl residues. They also include alkyl, alkenyl, alkynyl, and 
aryl residues substituted With other aliphatic or cyclic hydro 
carbyl groups, such as alkaryl, alkenaryl and alkynaryl. 

[0058] The term “substituted hydrocarbyl” is de?ned as a 
hydrocarbyl Wherein at least one hydrogen atom has been 
substituted With an atom other than hydrogen. For example, 
the hydrogen atom may be replaced by a halogen atom, such 
as a chlorine or ?uorine atom. The hydrogen atom alterna 
tively may be substituted by an oxygen atom to form, for 
example, a hydroxy group, an ether, an ester, an anhydride, 
an aldehyde, a ketone, or a carboxylic acid. The hydrogen 
atom also may be replaced by a nitrogen atom to form, for 
example, an amide or a nitro functionality. To illustrate 
further, the hydrogen atom may be replaced With a sulfur 
atom to form, for example, —SO3H2. 

[0059] With reference to the use of the Word(s) “comprise” 
or “comprises” or “comprising” in this entire speci?cation 
(including the claims beloW), Applicant notes that unless the 
context requires otherWise, those Words are used on the basis 
and clear understanding that they are to be interpreted 
inclusively, rather than exclusively, and that Applicant 
intends each of those Words to be so interpreted in constru 
ing this entire speci?cation. 

EXAMPLES 

[0060] The folloWing examples are simply intended to 
further illustrate and explain the present invention. This 
invention, therefore, should not be limited to any of the 
details in these examples. 

Example 1 

Base-Catalyzed Transesteri?cation 

[0061] Approximately 100 g of oil extracted from 
SchiZochytrium sp. (SEAGOLD, Monsanto Co., St. Louis, 
Mo.) Was dissolved in 100 ml of dichloromethane and 200 
ml of methanol. Then 1 g of elemental sodium Was added. 
The solution Was re?uxed for 10 min., and then poured into 
500 ml of Water containing 16 ml of 12N HCl. The aqueous 
layer Was extracted 3 times With 400 ml of hexane. The 3 
hexane layers Were combined and Washed With an aqueous 
solution containing 2% potassium bicarbonate, and ?nally 
dried over anhydrous sodium sulfate. 

Example 2 

Acid-Catalyzed Transesteri?cation 

[0062] A mixture of HCl and methanol Was prepared by 
sloWly adding 100 ml of acetylchloride to 1000 ml of 
methanol at 0° C. Approximately 30 g of oil extracted from 
SchiZochytrium sp. Was then added to 1000 ml of this 
mixture. The mixture Was then stirred overnight under an N2 
atmosphere. Approximately 800 ml of ice cold (i.e., roughly 
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0° C.) distilled Water Was then added to the mixture, and the 
mixture Was transferred to a separatory funnel Where it Was 
extracted three times With 200 ml of an organic solvent 
containing diethyl ether and petroleum ether. The volumetric 
ratio of the diethyl ether to petroleum ether in the solvent 
Was approximately 1:9. The combined organic layer Was 
then Washed With brine (i.e., a saturated solution of NaCl) 
and dried over anhydrous sodium sulfate. The solvent in the 
organic layer Was then evaporated using a rotary evaporator. 

[0063] The yield of the transesteri?ed product Was 30 g. 
Gas chromatography of the product revealed that 9.5 Wt. % 
consisted of the methyl ester of 14-carbon saturated fatty 
acid, 28.2 Wt. % consisted of the methyl ester of 16-carbon 
saturated fatty acid, 14.3 Wt. % consisted of the methyl ester 
of 00-6 DPA, and 36.2 Wt. % consisted of the methyl ester of 
00-3 DHA. 

Example 3 

Using Urea Crystallization to Increase 
Concentration of Methyl Ester of DHA 

[0064] Approximately 50 g of methyl esters prepared 
using the technique of Example 2 Were dissolved in 500 ml 
of methanol in a ?ask. AfterWard, 100 g of urea Was added, 
and the mixture Was heated until essentially all the urea Was 
dissolved. The ?ask Was ?ushed With N2 and sealed With 
aluminum foil, and then alloWed to cool to room temperature 
(i.e., from about 20 to about 25° C.). The mixture Was 
alloWed to sit overnight With occasional sWirling. The next 
day, the material Was ?ltered through a Buchner funnel to 
remove the urea crystals. After Washing the crystals tWice 
With 25 ml of methanol (saturated With urea), the methanol 
Was added to the ?ltrate. A portion of the methanol in the 
?ltrate Was then evaporated from the ?ltrate using a rotary 
evaporator until the ?ltrate had a volume of 150 ml. 
Approximately 300 ml of an aqueous solution of 1% HCl 
Was then added to the ?ltrate. AfterWard, this mixture Was 
extracted With 300 ml of hexane and then With 300 ml of 
diethyl ether. The organic layers Were combined and then 
Washed tWice With 50 ml of Water, Washed once With 50 ml 
of brine, and ?nally dried over anhydrous sodium sulfate. 
The solvent Was then removed under reduced pressure. 

[0065] Approximately 23 g of crude product Was obtained. 
Gas chromatography of the product revealed that 23.4 Wt. % 
consisted of the methyl ester of 00-6 DPA, 65.2 Wt. % 
consisted of the methyl ester of 00-3 DHA, 2.9 Wt. % 
consisted of the methyl ester of 14-carbon saturated fatty 
acid, and 1.5 Wt. % consisted of the methyl ester of 16-car 
bon saturated fatty acid. 

Example 4 

Using WinteriZation to Increase Concentration of 
Methyl Ester of DHA 

[0066] Approximately 15 g of methyl esters prepared 
using the technique of Example 2 Were dissolved in 175 ml 
of methanol in a ?ask. The ?ask Was ?ushed With N2 and 

I claim: 
1. A process for making a mixture comprising a polyun 

saturated fatty acid ester, said process comprising: 

transesterifying an oil from SchiZochytrium sp. With an 
alcohol in the presence of a base to form a saturated 
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fatty acid ester and said polyunsaturated fatty acid 
ester, said fatty acid esters being formed from said 
alcohol and fatty acid residues of at least one glyceride 
in said oil; 

dissolving urea in a medium comprising said fatty acid 
esters to form a medium comprising said fatty acid 
esters and dissolved urea; 

cooling or concentrating said medium comprising said 
fatty acid esters and dissolved urea to form (a) a 
precipitate comprising urea and at least a portion of 
said saturated fatty acid ester, and (b) a liquid fraction 
comprising at least most of said polyunsaturated fatty 
acid ester; and 

separating said precipitate from said liquid fraction, 

Wherein said polyunsaturated fatty acid ester has Formula 

(V) 

the alcohol is R3—OH, R3 is a hydrocarbyl or a 
substituted hydrocarbyl, and R4 is a straight chain 
hydrocarbyl comprising 21 carbon atoms and at least 2 
carbon-carbon double bonds. 

2. Aprocess according to claim 1, Wherein R4 comprises 
a straight chain hydrocarbyl comprising 21 carbon atoms 
and 5 carbon-carbon double bonds. 

3. Aprocess according to claim 1, Wherein R4 comprises 
a straight chain hydrocarbyl comprising 21 carbon atoms 
and 6 carbon-carbon double bonds. 

4. A process according to claim 1, Wherein said glycer 
ide(s) comprises a triglyceride. 

5. Aprocess according to claim 1, Wherein R3 comprises 
a hydrocarbyl comprising from 1 to 4 carbon atoms. 

6. Aprocess according to claim 5, Wherein R3 comprises 
methyl. 

7. Aprocess according to claim 5, Wherein R3 comprises 
ethyl. 

8. A process according to claim 1, Wherein said base 
comprises NaOH or KOH. 

9. A process according to claim 1, Wherein said base 
comprises elemental sodium. 

10. A process according to claim 1, Wherein said trans 
esteri?cation comprises hydrolysis of said glyceride(s) to 
form free fatty acids, folloWed by esteri?cation of said free 
fatty acids. 

11. A process according to claim 1, Wherein said glycer 
ide(s) is contacted With said alcohol in the presence of said 
base in a liquid that further comprises an organic solvent that 
can solubiliZe said glyceride(s). 

12. Aprocess according to claim 11, Wherein said organic 
solvent comprises dichloromethane. 

13. A process according to claim 11, Wherein said glyc 
eride(s) is contacted With said alcohol in the presence of said 
base at a temperature Which is greater than the boiling point 
of said organic solvent. 
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14. A process according to claim 1, wherein said glycer 
ide(s) is contacted With said alcohol in the presence of said 
base at a temperature of at least about 40° C. 

15. A process according to claim 14, Wherein said tem 
perature is from about 70 to about 150° C. 

16. A process according to claim 1, Wherein said glycer 
ide(s) is contacted With said alcohol in the presence of said 
base to form a mixture Which is then heated under re?ux to 
form said fatty acid esters. 

17. Aprocess according to claim 1, Wherein said fatty acid 
esters are formed under a non-oxidiZing atmosphere. 

18. Aprocess according to claim 1, Wherein said medium 
comprising said fatty acid esters and dissolved urea further 
comprises an organic solvent that can solubiliZe said poly 
unsaturated fatty acid ester. 

19. Aprocess according to claim 18, Wherein said organic 
solvent comprises an alkyl alcohol comprising from 1 to 4 
carbon atoms. 

20. Aprocess according to claim 19, Wherein said organic 
solvent comprises ethanol. 

21. Aprocess according to claim 1, Wherein said medium 
comprising said fatty acid esters and dissolved urea is cooled 
to a temperature of no less than about 15° C. to form said 
urea-containing precipitate. 

22. A process according to claim 21, Wherein said tem 
perature is no less than about 20° C. 

23. A process according to claim 21, Wherein said tem 
perature is from about 15 to about 25° C. 

24. A process according to claim 21, Wherein said tem 
perature is from about 20 to about 25° C. 

25. A process according to claim 1, Wherein at least a 
portion of said precipitate is formed under a non-oxidiZing 
atmosphere. 

26. Aprocess according to claim 1, Wherein said saturated 
fatty acid ester has Formula (VI): 

(VI) 

Wherein R5 is a hydrocarbyl comprising no double bonds. 
27. A process according to claim 26, Wherein R5 com 

prises 13 or 15 carbon atoms. 
28. A process for making a mixture comprising a poly 

unsaturated fatty acid ester, said process comprising: 

transesterifying an oil from SchiZochytrium sp. With an 
alcohol in the presence of an acid to form a saturated 
fatty acid ester and said polyunsaturated fatty acid 
ester, said fatty acid esters being formed from said 
alcohol and fatty acid residues of at least one glyceride 
in said oil; 

dissolving urea in a medium comprising said fatty acid 
esters to form a medium comprising said fatty acid 
esters and dissolved urea; 

cooling said medium comprising said fatty acid esters and 
dissolved urea to a temperature of no less than about 
15° C. to form (a) a precipitate comprising urea and at 
least a portion of said saturated fatty acid ester, and (b) 
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a liquid fraction comprising at least most of said 
polyunsaturated fatty acid ester; and 

separating said precipitate from said liquid fraction, 

Wherein said polyunsaturated fatty acid ester has Formula 

(V) 

the alcohol is R3—OH, R3 is a hydrocarbyl or a 
substituted hydrocarbyl, and R4 is a straight chain 
hydrocarbyl comprising 21 carbon atoms and at least 2 
carbon-carbon double bonds. 

29. A process according to claim 28, Wherein said acid 
comprises HCl. 

30. A process according to claim 28, Wherein R4 com 
prises a straight chain hydrocarbyl comprising 21 carbon 
atoms and 6 carbon-carbon double bonds. 

31. A process according to claim 28, Wherein R3 com 
prises ethyl. 

32. A process according to claim 28, Wherein said poly 
unsaturated fatty acid esters are formed under a non-oxidiZ 
ing atmosphere. 

33. Aprocess according to claim 28, Wherein said medium 
comprising said fatty acid esters and dissolved urea further 
comprises an organic solvent that can solubiliZe said poly 
unsaturated fatty acid ester. 

34. Aprocess according to claim 33, Wherein said organic 
solvent comprises ethanol. 

35. Aprocess according to claim 33, Wherein said medium 
comprising said fatty acid esters and dissolved urea is cooled 
to a temperature of no less than about 20° C. to form said 
precipitate. 

36. Aprocess according to claim 33, Wherein said medium 
comprising said fatty acid esters and dissolved urea is cooled 
to a temperature of from about 15 to about 25° C. to form 
said precipitate. 

37. Aprocess according to claim 33, Wherein said medium 
comprising said fatty acid esters and dissolved urea is cooled 
to a temperature of from about 20 to about 25° C. to form 
said precipitate. 

38. A process according to claim 28, Wherein at least a 
portion of said precipitate is formed under a non-oxidiZing 
atmosphere. 

39. Aprocess according to claim 28, Wherein the saturated 
fatty acid ester has Formula (VI): 

(VI) 
O 

ll 

Wherein R5 is a hydrocarbyl comprising no double bonds. 
40. A process according to claim 39, Wherein R5 com 

prises 13 or 15 carbon atoms. 
41. A process for making a mixture comprising a poly 

unsaturated fatty acid ester, the process comprising: 
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transesterifying an oil from SchiZochytrium sp. With an 
alcohol in the presence of an acid to form a reaction 
mixture comprising a saturated fatty acid ester and said 
polyunsaturated fatty acid ester, said fatty acid esters 
being formed from said alcohol and fatty acid residues 
of at least one glyceride in said oil; 

separating at least most of said polyunsaturated fatty acid 
ester from said reaction mixture to form a mixture 
comprising said polyunsaturated fatty acid and a 
residual amount of said saturated fatty acid ester; 

dissolving urea in a medium comprising said separated 
polyunsaturated fatty acid ester and residual saturated 
fatty acid ester to form a medium comprising said 
separated polyunsaturated fatty acid ester, residual 
saturated fatty acid ester, and dissolved urea; 

cooling or concentrating said medium comprising said 
separated polyunsaturated fatty acid ester, residual 
saturated fatty acid ester, and dissolved urea to form (a) 
a precipitate comprising urea and at least a portion of 
said residual saturated fatty acid ester, and (b) a liquid 
fraction comprising at least most of said separated 
polyunsaturated fatty acid ester; and 

separating said precipitate from said liquid fraction, 

Wherein said polyunsaturated fatty acid ester has Formula 
(V) : 

(V) 

the alcohol is R3—OH, R3 is a hydrocarbyl or a 
substituted hydrocarbyl, and R4 is a straight chain 
hydrocarbyl comprising 21 carbon atoms and at least 2 
carbon-carbon double bonds. 

42. A process according to claim 41, Wherein R4 com 
prises a straight chain hydrocarbyl comprising 21 carbon 
atoms and 6 carbon-carbon double bonds. 

43. A process according to claim 41, Wherein R3 com 
prises ethyl. 

44. A process according to claim 41, Wherein said sepa 
ration of said polyunsaturated fatty acid ester from at least 
a portion of said reaction mixture comprises extracting said 
polyunsaturated fatty acid ester from said reaction mixture 
using a non-polar organic solvent. 

45. A process according to claim 44, Wherein said non 
polar solvent comprises petroleum ether, pentane, hexane, 
cyclohexane, or heptane. 

46. A process according to claim 44, Wherein said non 
polar solvent comprises hexane. 

47. A process according to claim 41, Wherein said sepa 
ration of said polyunsaturated fatty acid ester from at least 
a portion of said reaction mixture comprises extracting said 
polyunsaturated fatty acid ester from said reaction mixture 
using a non-polar solvent and a polar organic solvent. 

48. A process according to claim 47, Wherein said polar 
solvent comprises diethyl ether. 

49. A process for making a mixture comprising a poly 
unsaturated fatty acid ester, said process comprising: 
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transesterifying an oil from SchiZochytrium sp. With an 
alcohol in the presence of an acid to form a saturated 
fatty acid ester and said polyunsaturated fatty acid 
ester, said fatty acid esters being formed from said 
alcohol and fatty acid residues of at least one glyceride 
in said oil; 

dissolving urea in a medium comprising said fatty acid 
esters to form a medium comprising said fatty acid 
esters and dissolved urea; 

cooling said medium comprising said fatty acid esters and 
dissolved urea to a temperature of no less than 10° C. 
to form (a) a precipitate comprising urea and at least a 
portion of said saturated fatty acid ester, and (b) a liquid 
fraction comprising at least most of said polyunsatu 
rated fatty acid ester; and 

separating said precipitate from said liquid fraction, 

Wherein said polyunsaturated fatty acid ester has Formula 

(V) 

the alcohol is R3—OH, R3 comprises at least 2 carbon 
atoms and is a hydrocarbyl or substituted hydrocarbyl, 
and R4 is a straight chain hydrocarbyl comprising 21 
carbon atoms and at least 2 carbon-carbon double 
bonds. 

50. A process according to claim 49, Wherein R3 com 
prises ethyl. 

51. Aprocess according to claim 49, Wherein said medium 
comprising said fatty acid esters and dissolved urea is cooled 
to a temperature of no less than about 15° C. to form said 
precipitate. 

52. A process according to claim 51, Wherein said tem 
perature is no less than about 20° C. 

53. A process according to claim 51, Wherein said tem 
perature is from about 20 to about 25° C. 

54. A process according to claim 49, Wherein said fatty 
acid esters are formed under a non-oxidiZing atmosphere. 

55. A process according to claim 49, Wherein at least a 
portion of said precipitate is formed under a non-oxidiZing 
atmosphere. 

56. A process for making a mixture comprising a poly 
unsaturated fatty acid ester, said process comprising: 

forming said polyunsaturated fatty acid ester and a satu 
rated fatty acid ester, said fatty acid esters being derived 
from at least one glyceride obtained from 
SchiZochytrium sp., 

cooling a solvent comprising said fatty acid esters to a 
temperature of no less than about —30° C. and no 
greater than about 0° C. to form (a) a precipitate 
comprising at least a portion of said saturated fatty acid 
ester, and (b) a liquid fraction comprising at least most 
of said polyunsaturated fatty acid ester; 

separating said precipitate from said liquid fraction, 
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Where said polyunsaturated fatty acid ester has Formula 

(V) 

the saturated fatty acid ester has Formula (VI): 

(VI) 

R3 is a hydrocarbyl or a substituted hydrocarbyl, R4 is 
a straight chain hydrocarbyl comprising 21 carbon 
atoms and at least 2 carbon-carbon double bonds, and 
R5 is a hydrocarbyl comprising no double bonds. 

57. A process according to claim 56, Wherein R3 com 
prises ethyl. 
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58. Aprocess according to claim 56, Wherein said solvent 
comprising said fatty acid esters comprises an organic 
solvent that can solubiliZe said polyunsaturated fatty acid 
ester. 

59. Aprocess according to claim 58, Wherein said organic 
solvent comprises methanol. 

60. A process according to claim 56, Wherein at least a 
portion of said precipitate is formed under a non-oXidiZing 
atmosphere. 

61. A process according to claim 56, Wherein said tem 
perature is no greater than about —10° C. 

62. A process according to claim 56, Wherein said tem 
perature is no greater than about —20° C. 

63. A process according to claim 56, Wherein said fatty 
acid esters are formed by a process comprising contacting an 
oil from SchiZochytrium sp. With an alcohol in the presence 
of a base or acid, Wherein said fatty acid esters are formed 
from said alcohol and fatty acid residues of at least one 
glyceride in said oil, and said alcohol is R3—OH. 

64. A process according to claim 63, Wherein said fatty 
acid esters are formed under a non-oXidiZing atmosphere. 


