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PHOSPHOLIPID COMPOSITIONS AND 
THEIR PREPARATION 

[ 0001 ] This application is a continuation of U . S . patent 
application Ser . No . 15 / 110 , 554 , filed Jul . 8 , 2016 , now 
allowed as U . S . Pat . No . 9 , 867 , 856 , which is a U . S . 371 
national phase entry of International Patent Application No . 
PCT / EP2015 / 050370 , international filing date Jan . 9 , 2015 , 
which claims the benefit of United Kingdom patent appli 
cation 1400431 . 1 filed Jan . 10 , 2014 , the complete contents 
of which are incorporated herein by reference for all pur 
poses . 

can include high amounts of neutral lipids and free fatty 
acids . Although krill extracts with 90 % phospholipid have 
been described [ 3 ] , these contain undesirable components 
such as lysophospholipids and astaxanthins , and their prepa 
ration has involved the use of solvent systems which are not 
favourable for downstream pharmaceutical use . Thus there 
is a need for krill phospholipid compositions having a high 
purity without retaining pharmaceutically undesirable sol 
vents or components , and also for processes by which such 
compositions can be prepared . 

TECHNICAL FIELD 
[ 0002 ] The present invention provides phospholipid com 
positions which are suitable for pharmaceutical purposes , 
and to improved processes for preparing them . 

DISCLOSURE OF THE INVENTION 
[ 0008 ] The invention provides improved processes for 
extracting and preparing polar lipids ( in particular , desirable 
phospholipids ) from krill and other biological sources . The 
inventors have discovered processes through which it is 
possible to extract phospholipids to give high phospholipid 
content and a reduction of undesired components . BACKGROUND OF THE INVENTION 

[ 0003 ] There is accumulating evidence of the benefits of 
dietary intake of the long chain omega - 3 fatty acids found in 
fish , docosahexaenoic acid ( DHA ) and eicosapentaenoic 
acid ( EPA ) . These fatty acids have been shown to decrease 
the risk of coronary heart disease and ischemic heart disease 
in large epidemiological studies . 
[ 0004 ] Omega - 3 fatty acids have furthermore been pro 
posed for a variety of medical uses , including prevention of 
heart disease , diabetes , inflammation , depression , Alzheim 
er ' s and attention deficit disorder . Examples of pharmaceu 
ticals based on omega - 3 fatty acids include Lovaza? 
( known also as Omacor® ) which is approved in various 
countries for treatment of patients with very high triglycer 
ides ( hypertriglyceridemia ) , and for post myocardial infarc 
tion adjuvant treatment in secondary prevention after myo 
cardial infarction . In Lovaza? the omega - 3 fatty acids are 
present as ethyl esters . Each Lovaza? 1 gram capsule 
contains 465 mg EPA ethyl ester , 375 mg DHA ethyl ester , 
80 mg of other omega - 3 fatty acids , 30 mg of omega - 6 fatty 
acids and 50 mg of antioxidants . 
[ 0005 ] Vascepa® ( AMR - 101 ) is a further approved phar 
maceutical based on omega - 3 fatty acids . Vascepa® cap 
sules contain EPA omega - 3 fatty acid in the form of ethyl 
eicosapentaenoic acid . Vascepa® has been clinically proven 
to significantly reduce triglyceride levels without increasing 
LDL - C . It has been approved in the United States for use as 
an adjunct to diet to reduce triglyceride levels in adult 
patients with severe ( 2500 mg / dL ) hypertriglyceridemia . 
[ 0006 ] There is growing evidence , however , that the 
molecular form of omega - 3 fatty acids ( e . g . triglycerides or 
ethyl esters ) might be of importance for their biological 
effect and for their distribution in the body . Krill oil contains 
a high proportion of omega - 3 fatty acids incorporated in 
phospholipids and it has been demonstrated that krill oil had 
stronger effects than fish oil on specific parameters related to 
metabolic syndromes [ 1 ] . The authors suggest that this 
difference may be linked to differences in the incorporation 
of omega - 3 fatty acids into membranes . Further , it was 
demonstrated that the level of DHA in the brain increased 
significantly after krill oil administration when compared to 
control animals [ 2 ] . Thus , omega - 3 fatty acids incorporated 
in phospholipids may be differently distributed in the body 
compared to omega - 3 fatty acids in other molecular forms . 
10007 ] The concentration of phospholipids in commer - 
cially available krill oils is relatively low . For example , they 

Processes of the Invention 
[ 0009 ] The invention provides a process for preparing a 
composition which is rich in polar lipids from a biological 
material containing those lipids , comprising steps of : 

[ 0010 ] ( a ) mixing the biological material with a first 
solvent system in which the polar lipids are soluble , 
thereby preferentially extracting the polar lipids into a 
liquid phase of a slurry ; 

[ 0011 ] ( b ) washing the biological material with a second 
solvent system in which the polar lipids are poorly 
soluble ; 

[ 0012 ] and 
[ 00131 ( c ) mixing the extracted and washed material 

from steps ( a ) and ( b ) with a third solvent system which 
partitions neutral lipids and polar lipids , 

[ 0014 ] wherein steps ( a ) and ( b ) can be performed in either 
order before step ( c ) . 
10015 ] . The process takes advantage of the different solu 
bility of the various components of the biological material in 
three different solvent systems . For example , the polar 
nature of the desired lipids means they can behave differ 
ently from neutral lipids in certain solvents . These differ 
ences allow the different lipids to be separated effectively 
during the process of the invention , resulting in material 
having a high content of the desired lipids , and in which the 
content of undesirable components is reduced . In particular 
the relatively high solubility of the desired polar lipids in 
certain solvents ( the first solvent system e . g . concentrated 
organic protic solvents ) allows their efficient extraction from 
biological materials , whereas their relatively low solubility 
in other solvents ( the second solvent system e . g . a dilute 
organic protic solvent ) means that such solvents can be used 
to wash out various undesired components from the lipid 
material Finally , although the polar lipids and various neu 
tral lipids may both be soluble in the first solvent system , 
they have different properties which means that they can be 
separated in a further treatment step , which also serves to 
reduce the concentration of other undesired components . 
Overall , the process of the invention can efficiently reduce 
the amount of ( or even remove ) various undesired compo 
nents including trimethylamine N - oxide ( TMAO ) , astaxan 
thins , lysophospholipids , free fatty acids , cholesterol and 
cholesterol esters , and neutral lipids . Furthermore , the pro 
cess can be used with three solvent systems which are all 
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readily acceptable for pharmaceutical purposes and whose 
solvent components ( particularly their organic components ) 
can if necessary be removed to safe residual levels . 
[ 0016 ] The process has been designed to increase the 
proportion of phospholipids in the final composition relative 
to undesired components . At any stage of the process , the 
ratio of phospholipids to any specific undesired component 
can be determined and the ratio calculated . The ratio is in 
general calculated on a weight / weight basis . Where possible , 
undesired components can be removed completely i . e . to be 
un - quantifiable in the final composition ( using currently 
available analytical techniques i . e . below the limit of quan 
tification or LOQ ) . 
[ 0017 ] Step ( a ) 
[ 0018 ] Step ( a ) of the process involves mixing a biological 
material with a first solvent system in which the polar lipids 
are soluble , to preferentially extract polar lipids into a liquid 
phase of a slurry . The desired polar lipids in the biological 
material are thus solubilised for further processing and 
extraction . The solubility of the biological material ' s various 
components in the first solvent system will determine their 
location at the end of step ( a ) . Components that are soluble 
in the first solvent system ( including the desired polar lipids ) 
will tend to be extracted from the biological material , so that 
they are present in the liquid phase at the end of step ( a ) . 
Other components will preferentially remain in the slurry 
residue . Key components which are present primarily in the 
slurry after step ( a ) are triglycerides , proteins / peptides , and 
insoluble materials such as shell fragments ( calcium car 
bonate , chitosan , etc . ) , but also cholesterol esters . 
[ 0019 ] The desired lipids are soluble in the first solvent 
system and so they are preferentially extracted into the 
slurry ' s liquid phase , from which they can be processed 
further . The term “ preferentially ” is used to reflect the fact 
that the desired polar lipids tend to be more soluble than 
neutral lipids in the liquid phase . The polar lipids will thus 
tend to enter the liquid phase , rather than remaining with the 
biological material slurry . Other lipids present in the bio 
logical material ( e . g . neutral lipids ) tend to be less soluble in 
the liquid phase and so some of these remain with the slurry . 
The term " preferentially ” thus also reflects the fact that 
although some neutral lipids might be present in the liquid 
phase at the end of step ( a ) , the liquid phase will contain a 
higher ratio of polar lipids : neutral lipids compared to the 
ratio in the biological material at the start of step ( a ) . In 
contrast , the slurry residue will contain a lower ratio of polar 
lipids : neutral lipids compared to the starting biological 
material . For example , krill material may contain a weight 
ratio of phospholipids : neutral lipids which is approximately 
1 : 1 before step ( a ) , whereas this can be 4 : 1 or higher in the 
liquid phase after step ( a ) . The ratio of phospholipids to 
neutral lipids in the liquid phase after step ( a ) is thus higher 
than in the material before step ( a ) . Moreover , the ratio of 
phospholipids to triglycerides can be about 10 : 1 in the liquid 
phase after step ( a ) . 
[ 0020 ] The solvent system used in step ( a ) ( the ' first 
solvent system ) is any solvent system whose addition to the 
biological material results in a liquid phase in which polar 
lipids are preferentially soluble relative to neutral lipids . The 
solvent system can be a mixture of solvent components . The 
first solvent system will generally comprise at least one 
protic solvent component and an organic solvent component 
( or , more usually , an organic protic solvent ) . 

[ 0021 ] Typical organic protic solvents or solvent compo 
nents for use in step ( a ) include , but are not limited to , 
n - butanol , n - propanol , isopropanol , nitromethane , ethanol , 
and methanol . Hydroxy - containing protic solvents are pref 
erable , and the most preferred organic solvent for use with 
the invention is ethanol . The amount and concentration of 
organic protic solvent components which are used is enough 
to provide a first solvent system which can preferentially 
extract the desired lipids into a liquid phase of a slurry . The 
amount and concentration of organic solvent components 
will take into account the amount of moisture that is present 
in the biological material at the start of step ( a ) . 
[ 0022 ] . In one embodiment , the first solvent system com 
prises ethanol and water , ideally with a final ethanol con 
centration of between 70 - 95 % w / w , or 80 - 90 % w / w ( based 
on total weight of solvent ) . If the starting material already 
includes water ( which will usually be the case ) , the amount 
of ethanol that is added will take this water into account , and 
will also take into account the amount of any water in the 
ethanol ( see below ) . By way of example , the weight ratio of 
ethanol : biological material is generally within the range of 
1 : 1 to 10 : 1 , preferably within the range of 2 : 1 to 8 : 1 , or 
between about 3 : 1 to about 4 : 1 . For instance , between 3 - 4 kg 
of absolute ethanol can be added per kg of wet krill material 
having a water content of 65 % in order to provide the first 
solvent system , taking into account the water content of the 
krill material . 
[ 0023 ] Step ( a ) may conveniently be performed at tem 
peratures of up to 50° C . The biological material and solvent 
components which are added may be at different tempera 
tures when they are first combined . For instance , the bio 
logical material might be frozen i . e . at a temperature of less 
than 0° C . e . g . less than about - 5° C . , - 10° C . , - 15° C . , - 20° 
C . , or - 25° C . Solvent components should be liquid when 
they are added to the biological material , and are preferably 
at a temperature of between 0 - 50° C . e . g . at between 10 - 45° 
C . , between 15 - 35° C . or 20 - 25° C . After mixing , however , 
the mixture can be incubated under room temperature con 
ditions or within any temperature range referred to above 
e . g . at between 10 - 45° C . The temperature chosen for step 
( a ) can represent a balance between higher yields and lower 
purity , and incubation at between 20 - 25° C . gives good 
results using krill material and ethanol . 
[ 0024 ] Mixing of the biological material and the first 
solvent system ensures that they become distributed within 
each other . In some circumstances this might be achieved 
simply by combining two components , but usually it 
requires active mixing e . g . by stirring , inversion , or other 
appropriate means . Mixing is preferably achieved using 
stirring , which is preferably carried out at 50 to 500 rpm , or 
100 to 200 rpm . Stirring or other active mixing steps may be 
continued for as long as desired to ensure adequate contact 
between different components , and this can usually be 
achieved in an hour or less , although longer periods can also 
be used ( e . g . up to several weeks ) . Stirring in step ( a ) for 45 
minutes can achieve a good extraction of polar lipids , but 
longer periods can increase the amount of material which is 
extracted e . g . for between 2 - 6 hours , such as for 3 - 4 hours . 
[ 0025 ] After the biological material and the organic sol 
vent components have been mixed , a slurry forms in which 
the desired lipids are preferentially present in a liquid phase . 
The liquid phase also contains other components from the 
biological material that are soluble in the first solvent system 
e . g . other polar lipids , some neutral lipids , some proteins , 
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water soluble amines , and ionic species . This liquid phase is 
separated from the slurry and is processed further in down 
stream steps . Separation of the liquid phase from the slurry 
can be achieved by any suitable means for separating solids 
and liquids e . g . centrifugation , filtration , decanting , drain 
ing , etc . 
[ 0026 ] If desired the slurry residue can be recycled , such 
that it is re - used as biological material for one or more 
repeats of step ( a ) . In this manner it is possible to extract 
polar lipids which remain within the slurry residue . Such 
further extracted material can then continue into subsequent 
steps e . g . after being combined with other material arising 
from previous extractions . 
[ 0027 ] If step ( a ) comes before step ( b ) , the starting 
biological material is extracted as defined above , and the 
extracted polar lipids are then washed as described below in 
step ( b ) . On the other hand , if step ( a ) comes after step ( b ) , 
the starting biological material will previously have been 
washed as described below for step ( b ) , it will then be 
extracted as discussed above , and these washed and 
extracted polar lipids will then be taken into step ( c ) as 
described below . 
[ 0028 ] Step ( b ) 
[ 0029 ] Step ( b ) of the process involves washing the bio 
logical material with a second solvent system in which the 
polar lipids are poorly soluble . This biological material may 
be the product of step ( a ) , or may be biological material 
which is to be washed before extraction step ( a ) takes place . 
[ 0030 ] The key difference between step ( a ) and ( b ) is that 
the desired polar lipids are highly soluble in the first solvent 
system but are poorly soluble in the second solvent system , 
while undesired components ( such as salts , metal ions , 
carbohydrates ) will dissolve in the second solvent system . 
Thus step ( b ) permits the biological material to be washed 
( before or after step ( a ) solubilises them ) , and this washing 
is useful for e . g . de - salting the material . 
[ 0031 ] The choice of second solvent system can depend on 
whether step ( b ) occurs before or after step ( a ) . For instance , 
if step ( b ) occurs before step ( a ) then the second solvent 
system might be achieved using water , or a weak aqueous 
solution of organic solvent , to wash the biological material , 
thereby dissolving undesired components into the water . The 
aim of this early washing is to remove undesired compo 
nents which are soluble in water , without solubilising a 
significant amount of the desired polar lipids . If step ( b ) 
occurs after step ( a ) , however , it is easier if the second 
solvent system is derived from the first solvent system e . g . 
by using a strong ethanol solution as the first solvent system 
and a weak ethanol solution as the second solvent system . 
[ 0032 ] The change between the first and second solvent 
systems can be achieved in various ways . For example , if 
step ( a ) precedes step ( b ) then the first solvent system can be 
removed ( e . g . by evaporation ) and then the second solvent 
system can be added , but in some embodiments it is possible 
to simply dilute the first solvent system until the second 
solvent system is formed e . g . by adding more water to a 
strong ethanol solution ( the first solvent system ) to form a 
weak ethanol solution ( the second solvent system ) . If step 
( a ) follows step ( b ) then the second solvent system can be 
removed ( e . g . by evaporation ) and then the first solvent 
system can be added , but in some embodiments it is possible 
to simply add extra solvent components until the first solvent 
system is formed e . g . by adding more concentrated ethanol 

to a weak ethanol solution or to water ( possible second 
solvent systems ) to form a strong ethanol solution ( the first 
solvent system ) . 
[ 0033 ] Where solvent removal is used between steps ( a ) 
and ( b ) then evaporation is a convenient technique when the 
solvent includes components which are more volatile than 
water . Evaporation can provide material which is solid at 
room temperature and is moderately rich in polar lipids , 
suitable for washing . For instance , up to about 85 % by 
weight of this lipid - rich material can be phospholipids of 
interest . The second solvent system can then be added to this 
material . 
[ 0034 ] In general , however , the preferred way of making 
the second solvent system when step ( b ) follows step ( a ) is 
by dilution of the first solvent system . Dilution of the first 
solvent system , to reduce the overall concentration of its 
solvent components , is achieved by adding a diluent . 
Examples of suitable diluents include aqueous diluents such 
as water , but solutions of a solvent component ( e . g . an 
organic protic solvent ) which may be the same as or different 
to the solvent component used in step ( a ) may also be used . 
Preferably the concentration of a solvent component ( e . g . an 
organic protic solvent such as ethanol ) in the mixture after 
dilution is between 50 - 70 % w / w ( solvent / total weight of the 
liquid material ) . Appropriate solvent mixtures and concen 
trations for washing the phospholipids to remove impurities , 
without too much loss of the desired lipids , can vary with 
temperature and with the chosen solvent system , but can 
readily be assessed . 
[ 0035 ] Thus the second solvent system when step ( b ) 
follows step ( a ) may be an aqueous solution of ethanol , 
where the concentration of ethanol is between 50 - 70 % w / w , 
preferably between 55 - 65 % , between 58 - 62 % , or about 
60 % . Under typical conditions , ethanol concentrations 
above about 70 % tend to lead to the loss of too much polar 
lipids in the waste , whereas concentrations below about 60 % 
can lead to the formation of emulsions from which the polar 
lipids are difficult to extract . 
[ 0036 ] The second solvent system when step ( b ) precedes 
step ( a ) may be a weak aqueous solution of ethanol ( e . g . up 
to 10 % w / w EtOH ) , but ideally use water . 
[ 0037 ] Mixing with the second solvent system generally 
involves stirring to ensure that the materials become dis 
tributed within each other . Stirring is preferably carried out 
at 50 to 500 rpm , or 100 to 200 rpm . Stirring may be 
continued for as long as desired to ensure adequate contact , 
and this can usually be achieved less than an hour , although 
longer periods can also be used ( e . g . several weeks ) . After 
stirring the mixture is allowed to settle , and it separates into 
phases which include a lipid - rich phase that can be pro 
cessed further . The other phase ( s ) are referred to herein as 
the waste , which includes material which has been washed 
away using the second solvent system . 
10038 ] . Compared to the material prior to step ( b ) , the 
lipid - rich phase has an increased proportion of desired polar 
lipid components relative to certain undesired components . 
The solubility of certain undesired components in the second 
solvent system is such that they will tend to enter the waste 
phase ( s ) , whereas the polar lipid components will tend to 
remain in the desired lipid - rich phase . The waste thus 
contains certain undesired components that are more water 
soluble than the desired polar lipids . Examples of such 
components include salts such as TMAO , water soluble 
proteins and peptides , water soluble amines , salts such as 
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NaCl and CaCl2 , other ionic species , and also lysophospho 
lipids . The lipid - rich phase ( which can be approximately 
60 % lipids and 40 % solvent when step ( b ) follows step ( a ) ) 
contains the desired phospholipids but also contains some 
neutral lipids ( e . g . at a ratio of approximately 4 : 1 phospho 
lipids to neutral lipids when step ( b ) follows step ( a ) ) . 
[ 0039 ] The lipid - rich phase and the waste are separated 
before proceeding . This can be achieved simply by letting 
the mixture settle or by centrifugation , to produce a lipid 
rich phase and a waste phase which are then separated e . g . 
by decanting , draining the lipid - rich phase , or suction of the 
waste phase . In general if the mixture is allowed to settle 
then the lipid - rich phase is underneath the waste phase . The 
mixture is generally allowed to settle for a sufficient period 
of time to allow the effective separation of the two phases . 
This may be at least 4 hours ( e . g . at least 6 , 8 , 10 , 12 , 14 , 16 , 
18 , 20 , 22 , 24 , 30 , 36 , 48 , 54 , 60 hours ) . This may be carried 
out at any suitable temperature , e . g . less than 50° C . , 40° C . , 
30° C . , 20° C . , 10° C . , 5º C . If step ( b ) precedes step ( a ) the 
liquid water phase is the waste , containing dissolved impu 
rities . This is removed from the slurry , which is processed 
further in downstream steps . Separation of the liquid phase 
from the slurry can be achieved by any suitable means for 
separating solids and liquids e . g . centrifugation , filtration , 
decanting , draining , etc . 
[ 0040 ] The lipid - rich phase contains a high proportion of 
desired polar lipids . This phase can be re - washed using step 
( b ) again . The solvent system used for re - washing can 
conveniently be the same as the solvent system which was 
used for previous washing . For instance , if step ( b ) first used 
a 60 % w / w ethanol solution then re - washing can also be 
achieved by adding ethanol and / or water to the lipid - rich 
phase to achieve a final concentration of 60 % w / w ethanol . 
This can again provide a lipid - rich phase and a waste phase . 
[ 0041 ] Thus , if desired , washing step ( b ) can be performed 
more than once , such that a washed lipid - rich phase is 
re - washed at least once under the same or similar conditions . 
Thus step ( b ) may include more than one wash e . g . it can 
include between 2 - 10 ( e . g . 3 - 9 , 4 - 8 , 5 - 7 ) washings with a 
second solvent system . Performing multiple washes can 
remove undesired components which would otherwise 
remain in the lipid - rich phase . Repeated washings can also 
have a minor impact on the ratio of polar lipids to neutral 
lipids , as a small amount of polar lipids may enter the waste 
phase , but in general step ( b ) does not have a large impact 
on this ratio ( e . g . when step ( b ) follows step ( a ) a change 
from 82 : 18 to 78 : 22 has been seen , so only a small amount 
of phospholipid was lost ) . Where multiple washings are 
used , it is possible to reduce the washing time as further 
steps are added e . g . an 8 hour duration for the first wash , 
then 7 hours for the second , and 6 hours for subsequent 
washes , etc . 
[ 0042 ] Washing step ( b ) may be carried out at any suitable 
temperature but is optionally carried out at temperatures 
within the range of 5 - 25° C . 
[ 0043 ] As noted above , an example of an undesired com 
ponent affected by step ( b ) is TMAO ( trimethylamine N - ox 
ide , ( CH3 ) 2NO ) . This is an osmolyte found in saltwater fish , 
sharks and rays , molluscs , and crustaceans , which is 
believed to have a role in counteracting the protein - desta 
bilizing effects of pressure . TMAO is highly soluble in water 
and will thus tend to enter the waste rather than the lipid - rich 
phase during step ( b ) . The ratio of phospholipid : TMAO on 
a w / w basis is thus lower in the starting material than in the 

washed liquid phase which is produced in step ( b ) . Based on 
experience with krill material , 85 % of TMAO can be 
removed with a single washing step , and repeated washing 
can remove TMAO to levels below the LOQ . 
[ 0044 ] Step ( b ) can also efficiently remove salts , such as 
sodium chloride , which can be seen by measuring conduc 
tivity of the material e . g . step ( b ) can reduce the material ' s 
conductivity to the same level as de - ionised water . Wet krill 
material can have a NaCl concentration of 1 . 5 % by weight 
or more , but step ( b ) can reduce conductivity from several 
hundred uS / cm down to about 10 uS / cm . 
[ 0045 ] Step ( c ) 
0046 ] The combination of steps ( a ) and ( b ) provides an 
extracted and washed material which is rich in desired polar 
lipids , but which can still contain undesired components 
such as monoglycerides , diglycerides , triglycerides , free 
fatty acids , and astaxanthins . Step ( c ) thus uses a third 
solvent system to separate these undesired components from 
the desired polar lipids by mixing the extracted and washed 
material from steps ( a ) and ( b ) with a third solvent system 
which partitions the neutral lipids and the polar lipids . Step 
( c ) thus increases the proportion of desired polar lipids 
relative to the undesired components . 
[ 0047 ] The third solvent system partitions polar lipids and 
neutral lipids into two or more separable phases . For 
example the polar lipids and neutral lipids may each be 
present in a liquid phase , wherein the two phases are 
separable ( e . g . two separate phases in a multi - phase liquid 
system ) . As an alternative , the third solvent system may 
cause a precipitate to form , which may be enriched either for 
polar lipids or neutral lipids . The two phases ( e . g . two 
liquids , or a solid precipitate and a liquid ) are then separated 
to recover the desired polar lipid component . 
[ 0048 ] Preferably the third solvent system comprises a 
ketone ( e . g . of formula R4 — ( CO ) R $ where R * and R are 
any groups other than H , but are preferably independently 
selected from a C , - C6 alkyl or alkenyl group , an aryl group , 
or together form a cycloalkyl ) or a low molecular weight 
ester ( e . g . R – ( CO ) O - R ' where R? and R ’ are indepen 
dently selected from a C . - C alkyl group ) . A preferred 
example of a ketone is acetone . A preferred example of a low 
molecular weight ester is ethyl acetate . A further but less 
preferred example of a suitable solvent system is methanol . 
[ 0049 ] Step ( c ) is carried out by mixing the material 
arising from steps ( a ) and ( b ) with the third solvent system . 
For instance , acetone or ethyl acetate can be added to the 
washed lipid - rich phase . In general , the lipid - rich phase is 
mixed with at least one volume of solvent , and ideally with 
a volume excess of solvent e . g . using a volume of solvent 
which is 2 - fold to 8 - fold the volume of the lipid - rich phase , 
such as from 2 - fold to 5 - fold . This mixing can be achieved 
simply by combining the components , but it is preferable to 
use active mixing e . g . by stirring , inversion , or other appro 
priate means . Mixing is typically achieved by stirring , which 
is preferably carried out at 50 to 500 rpm , or 100 to 200 rpm . 
Stirring or other active mixing steps may be continued for as 
long as desired to ensure adequate contact between different 
components , and this can usually be achieved in an hour or 
less , although longer periods can also be used . 
[ 0050 ] Preferably step ( c ) results in precipitation of the 
desired polar lipids , although it is possible instead that the 
polar lipids remain in solution and the undesired compo 
nents are removed as precipitates . For example when 
acetone or ethyl acetate is used , the polar lipids precipitate 
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and undesired components are present at reduced concen 
tration in the precipitate . On the other hand if methanol is 
used as the third solvent system then desired polar lipids 
remain in solution and undesired lipids are precipitated . 
[ 0051 ] A preferred step ( c ) uses acetone as the third 
solvent system to precipitate desired polar lipids , and the 
precipitated material is collected for further use . 
[ 0052 ] Temperature control can be important during step 
( c ) . Typically , substantially all of the washed lipid - rich 
material is dissolved in the third solvent system , for which 
temperatures of room temperature or above will usually 
suffice . The temperature is then reduced in order to permit 
phases to separate . For example , the material can be dis 
solved in acetone at room temperature , and then the solution 
can be cooled to cause the desired polar lipids to precipitate . 
The upper liquid phase ( i . e . the acetone with its dissolved 
undesired components ) can then be discarded ( e . g . removed 
by suction ) , leaving precipitated polar lipids in purer form . 
Thus the third solvent system is ideally used at two tem 
peratures , where the colder temperature causes precipitation 
which increases the proportion of desired polar lipids rela 
tive to the undesired components . Cooling to below 10° C . 
e . g . below 5° C . , or even below 0° C . is typical . 
[ 0053 ] Addition of the third solvent system can be per 
formed more than once within step ( c ) . Thus a polar lipid 
rich composition can be separated from the other compo 
nents of the mixture , and then mixed again with at least one 
volume of solvent . For example , where the desired lipid - rich 
phase is a precipitate , excess solvent can be removed and 
then the precipitate can be re - dissolved in at least one 
volume of further solvent , and then re - precipitation can be 
performed . Dissolution may be achieved by adding further 
third solvent system to the precipitate , followed by heating 
to a temperature at which the precipitate re - dissolves ( e . g . 
about 10 - 25° C . , 15 - 22° C . , 18 - 20° C . ) . The solution is then 
re - subjected to conditions at which the polar lipid rich phase 
precipitates . Overall , precipitation may be carried out from 
2 - 6 ( e . g . 3 - 5 or 4 - 5 ) times in order to sequentially increase 
the purity of desired polar lipids . 
[ 0054 ] The third solvent system displays differential solu 
bilisation of the desired polar lipids compared to neutral 
lipids . In cold acetone , for instance , phospholipids are 
generally insoluble whereas various undesired components 
are soluble e . g . neutral lipids , astaxanthins , and free fatty 
acids ( particularly free unsaturated fatty acids ; some free 
saturated fatty acids may precipitate with phospholipids ) . 
[ 0055 ] The material that is obtained by this step ( e . g . the 
precipitate after cold acetone precipitation ) generally con 
tains at least 90 % phospholipid w / w ( weight of phospho 
lipids / total weight of lipids in the precipitate ) e . g . 295 % , 
> 96 % , 97 % , 98 % , or even 99 % . Moreover , and in 
contrast to the material produced in reference 3 , it generally 
includes low levels of astaxanthins . Furthermore , free fatty 
acids are typically undetectable ( i . e . below the LOQ ) . 
[ 0056 ] Step ( c ) provides a composition which is rich in 
desired polar lipids , but this material will contain residual 
solvent ( s ) from the third solvent system ( e . g . acetone ) and 
usually includes some residual water . Thus the process 
ideally includes a further step ( d ) comprising removal of 
residual organic solvent component ( s ) and / or water from the 
composition . 
[ 0057 ) To remove residual organic solvent components 
and / or water , two techniques will in general be required : a 
first which removes organic solvent and one which then 

removes water but can also remove final residual organic 
solvent . For example , removal of organic solvent can con 
veniently be achieved by techniques such as evaporation 
( e . g . on a rotary evaporator , rather than falling film evapo 
ration due to the solid nature of the material ) . Water removal 
can then be achieved by lyophilisation , which can also 
remove any residual organic solvent ( such as acetone ) . Thus 
evaporation and freeze drying can be carried out sequen 
tially . 
[ 0058 ] Compared to the material produced after step ( c ) , 
performing step ( d ) can provide a lipid - rich composition 
which has an acetone content of less than about 0 . 1 % by 
weight e . g . less than 0 . 01 % , or less than 0 . 005 % ( see below ) 
and / or less than about 5 % , 4 % , 3 % , 2 % , 1 % , 0 . 5 % by weight 
water . This material is suitable for pharmaceutical use . 
[ 0059 ] General Conditions for the Process 
[ 0060 ] As set out above , steps ( a ) and ( b ) are performed in 
either order . Thus the process may comprise steps ( a ) - ( b ) - ( c ) 
or steps ( b ) - ( a ) - ( c ) . Preferably the process comprises steps 
( a ) - ( b ) - ( c ) in that order . 
[ 0061 ] Unless specified otherwise herein steps ( a ) to ( c ) of 
the process are generally performed at room temperature 
( e . g . at between 10 - 25° C . , such as between 15 - 22° C . , or 
about 18 - 20° C . ) , but as noted above that step ( C ) will 
usually be performed at lower temperatures as noted above 
and step ( b ) may also be performed at lower temperatures . 
Although the temperature during any step may be con 
trolled , it is not essential that it remains constant during the 
step . Nevertheless , the temperature during any step is pref 
erably controlled such that the temperature does not deviate 
more than + 2 . 5° C . for at least half of the total duration of 
that step . Ideally , the temperature from starting step ( a ) to 
completing step ( c ) ( and completing step ( d ) , if it is per 
formed ) does not rise above 50° C . 
[ 0062 ] The process is in general carried out at or around 
atmospheric pressure . 
[ 0063 ] Because the invention aims at polar lipids of phar 
maceutical grade , solvents and other materials used during 
a process of the invention should be of an appropriate quality 
e . g . pharmacopoeial quality or better . Furthermore , it is 
preferred to use only pharmaceutically acceptable solvent 
components which are regarded as safe in humans , so that 
residual solvent is not a safety risk . ICH topic Q3C defines 
guidelines for residual solvents , and groups solvents into 
three classes . Pharmaceutically acceptable organic solvent 
components used in processes of the invention are thus 
preferably selected only from Q3C “ class 3 ' ( i . e . acetic acid , 
heptane , acetone , isobutyl acetate , anisole , isopropyl acetate , 
1 - butanol , methyl acetate , 2 - butanol , 3 - methyl - 1 - butanol , 
butyl acetate , methylethyl ketone , tert - butylmethyl ether , 
methylisobutyl ketone , cumene , 2 - methyl - 1 - propanol , dim 
ethyl sulfoxide , pentane , ethanol , 1 - pentanol , ethyl acetate , 
1 - propanol , ethyl ether , 2 - propanol , ethyl formate , propyl 
acetate , and formic acid ) . Thus solvent components such as 
chloroform and hexane , whose complete removal is 
extremely difficult and time - consuming , can be avoided 
( unlike , for instance , reference 4 which uses hexane , refer 
ence 5 whose ' Folch ' and clarification techniques use chlo 
roform , and reference 6 which also uses chloroform ) ; dichlo 
romethane is a further solvent which can be avoided . Ideally , 
the processes use as few organic solvent components as 
possible e . g . only 2 or 3 organic solvent components in total . 
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Thus a process in which ethanol and acetone are the only 2 
organic solvent components is advantageous for preparing a 
final pharmaceutical product . 
[ 0064 ] Where ethanol is used as a solvent component ( e . g . 
in the first or second solvent system ) , it is possible to use 
aqueous ethanol , or absolute ethanol ( i . e . ethanol having a 
water content of < 1 % by weight ) . For instance , step ( a ) can 
be performed using 99 . 5 % , 99 . 8 % or even 100 % ethanol . 
For cost reasons , however , it is preferred to use aqueous 
ethanol e . g . 95 % ethanol ( which usually contains 92 . 0 - 92 . 
7 % w / w or 94 . 7 - 95 . 2 % v / v ethanol ) . Concentrations will be 
calculated accordingly , taking water into account . Pharma 
copoeial - grade ethanol is widely available . 
[ 0065 ] Where steps ( a ) to ( c ) involve separating two 
components , active mixing should typically cease to allow 
those components to separate e . g . to allow two liquid phases 
to separate , or to allow a precipitate to settle . 
[ 0066 ] Preferably at least one of steps ( a ) to ( d ) is per 
formed under an atmosphere containing less oxygen than air . 
Thus a step may be performed under an inert gas e . g . under 
nitrogen . These conditions can help to reduce peroxidation 
of PUFAs to form lipid peroxides , which then can polymer 
ise to produce polymerised PUFAs . Preferably , all of steps 
( a ) to ( d ) are performed under an inert gas . 
[ 0067 ] Similarly , it is preferred to use degassed solvent 
components ( e . g . degassed ethanol ) . In particular , the 
amount of dissolved oxygen in the solvent should be less 
than 150 ul / ml e . g . < 50 u / ml . This can be achieved by 
various methods e . g . by purging the solvent by bubbling 
nitrogen or argon through it for at least half an hour , or by 
atmosphere exchange under sonication . 
[ 0068 ] It is preferred that the process should not be 
performed under bright light , although darkness is not 
required . Again , this helps to avoid polymerisation of 
PUFAs . 
[ 0069 ] Phospholipid Compositions 
[ 0070 ] The invention provides a phospholipid - rich com 
position obtainable or obtained by any of the processes of 
the invention e . g . after step ( c ) or after step ( d ) . 
[ 0071 ] The invention also provides a composition com 
prising a mixture of phospholipid compounds of formula ( I ) : 

[ 0076 ] R? and R , are not both - H in a phospholipid 
compound , and R , or R2 is – H in less than 3 % by 
weight of the compounds of formula ( I ) ; 

[ 0077 ] Rz is selected from H , a choline moiety , an 
ethanolamine moiety , a N - acetylethanolamine moiety , 
an inositol moiety , and a serine moiety ; and 

[ 0078 ] Rz is a choline moiety in at least 85 % by number 
of the compounds of formula ( I ) . 

[ 0079 ] Typically , and as explained in more detail below , 
the composition also has one or more of the following 
properties : 

10080 ] ( a ) at least 85 % by weight of the composition 
consists of phospholipid compounds of formula ( I ) . In 
these embodiments , it is preferred that the composition 
is substantially free from acetone ; 

[ 0081 ] ( b ) the weight ratio of C16 : 0 / C14 : 0 fatty acid 
moieties in the mixture is between 10 : 1 and 18 : 1 and / or 
the weight ratio of C18 : 4 n - 3 / C18 : 3 n - 3 fatty acid 
moieties is between 1 : 1 and 3 : 2 ; 

[ 0082 ] ( c ) the composition includes less than 300 ug 
astaxanthins per gram of phospholipid ; 

[ 0083 ] ( d ) the composition comprises less than 0 . 01 % 
by weight trimethylamine N - oxide 

[ 0084 ] ( e ) the composition comprises less than 0 . 01 % 
by weight homarine ; 

[ 0085 ] ( f ) the composition includes less than 5 % by 
weight water ; 

[ 0086 ] ( g ) the composition has less than about 0 . 03 % by 
weight PUFA polymers 

[ 0087 ] ( h ) the mixture includes both phospholipids 
where R , is a fatty acid moiety of 

[ 0088 ] formula - COC H , and phospholipids where 
Ri is a fatty acid moiety of formula — CH C „ Hm 

[ 0089 ] ( i ) the mixture includes both phospholipids 
where R , is an omega - 3 fatty acid moiety and phos 
pholipids where R , is an omega - 3 fatty acid moiety ; 

[ 0090 ] ( i ) the composition includes less than 5 % by 
weight sphingomyelin ; 

[ 0091 ] ( k ) the composition is free from chloroform and 
hexane ; and / or 

[ 0092 ] ( 1 ) less than 0 . 9 % by weight of phospholipids in 
the composition is formed of compounds where R , or 
R2 is — H , or more than 1 . 1 % by weight of phospho 
lipids in the composition is formed of compounds 
where R , or R2 is — H . 

[ 0093 ] The invention also provides a process comprising a 
step of combining ( 1 ) a composition as defined above , 
having one or more of properties ( a ) to ( 1 ) , with ( 2 ) a 
pharmaceutically acceptable carrier , excipient , or diluent . 
10094 ] The invention also provides a composition com 
prising ( 1 ) a solvent and ( 2 ) a mixture of phospholipid 
compounds of formula ( I ) , as defined above , and further 
having one or more of properties ( b ) to ( 1 ) , wherein the 
phospholipid compounds of formula ( I ) are dissolved , sus 
pended or emulsified in the solvent , and wherein the com 
position is liquid at 20° C . 
[ 0095 ] R and R2 
[ 0096 ] R , and R , are each independently selected from the 
group consisting of a fatty acid moiety of formula - COC 
„ Hm , a fatty acid moiety of formula – CH2C „ Hm , and — H . 
R , or R2 is H in only a small fraction of the compounds 
of formula ( I ) i . e . less than 3 % by weight of the phospholipid 
compounds are lysophospholipids ( see below ) . Thus most 
R , and R2 are — COC , H , or CH2C „ Hm . Where R , or R2 

- O - R1 
- 0 – R2 

o 

- P - 0 - R3 

[ 0072 ] wherein : 
[ 0073 ] R , and R , are each independently selected from 

a fatty acid moiety of formula COC Hm , a fatty acid 
moiety of formula CH C „ Hm , and — H ; 

[ 0074 ] R and R , include omega - 3 fatty acid moieties , 
such that at least 30 % by weight of the phospholipid 
compounds is composed of omega - 3 fatty acid moi 
eties ; 

[ 0075 ] at least 90 % by weight of total omega - 3 fatty 
acid moieties are at position Rz ; 
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has formula — COC , H , , the fatty acid moiety has an ester 
linkage , but where R , or R2 has formula - CH2C „ Hm the 
fatty acid moiety has an ether linkage . In these formulae 
C , H , refers to the aliphatic chain which is seen in a 
naturally - occurring fatty acid ( e . g . as seen in krill ) . For any 
value of n , m = 2n + 1 when the fatty acid moiety ' s aliphatic 
chain is saturated , but m is reduced by 2 for each unsaturated 
bond ( double bond ) in the aliphatic chain i . e . m = 2n - 1 if one 
unsaturated bond is present , m = 2n - 3 if two double bonds 
are present , m = 2n - 5 if three double bonds are present , etc . 
Thus , in general , n is an integer in the range of 4 - 24 and 
m = 2 ( n - p ) + 1 , where p is the number of double bonds in the 
fatty acid moiety . As disclosed in reference 7 , the value of 
n for krill is generally within the range of 11 to 21 , and krill 
phospholipids can include fatty acid moieties with up to six 
double bonds . 
[ 0097 ] Typically , where a fatty acid moiety at position Ri 
or R , is of formula _ CH , C , H , , the fatty acid moiety is 
either saturated or monounsaturated . Thus , where R , or R , 
is of formula — CH , C , H , , the relationship between n and m 
is m = 2n - 1 at that position . In a single molecule , however , it 
is possible to have a fatty acid moiety of formula — COC 
, , H , at one of R , and R , ( i . e . ester - linked ) and a fatty acid 
moiety of formula - CH C „ Hm at the other of R , and R2 ( i . e . 
ether - linked ) . Furthermore , usually 90 % ( molar ) or more of 
the ether - linked fatty acid moieties will generally be C16 
and / or C18 ( i . e . where n = 15 or 17 ) , unsaturated ( e . g . C16 : 0 ) 
or monounsaturated ( e . g . C18 : 1 ) , and ether - linked omega - 3 
fatty acid moieties are generally not present . Overall , within 
the mixture , it is preferred that no more than 10 % by number 
of the fatty acid moieties are of formula — CH C Hm ( i . e . 
10 % or fewer of fatty acid moieties are ether - linked , and 
more than 90 % are ester - linked ) . It is preferred , though , that 
the phospholipid mixture should include ether - linked fatty 
acid moieties i . e . they should not be undetectable . Ether 
linked fatty acid moieties are readily detected and quantified 
by NMR ( e . g . see reference 7 ) . 
[ 0098 ] In general , R , and R , are not both of formula 
- CH2C „ Hm in any single phospholipid molecule . Further 

more , fewer than 5 % by number ( e . g . fewer than 1 % by 
number , or even zero ) of the phospholipid molecules in the 
mixture have R , of formula — CH , C , H , . In other words , 
ether - linked fatty acid moieties within the mixture may be 
seen at R? , but not at R2 . Thus , in some embodiments : R , is 
selected from a fatty acid moiety of formula — COC Hm , a 
fatty acid moiety of formula CH C „ Hm , and — H ; and R2 
is selected from a fatty acid moiety of formula COC „ Hm , 
and — H . 
[ 0099 ] In some embodiments : R is selected from a fatty 
acid moiety of formula — COC , H , , a fatty acid moiety of 
formula _ CH C Hm where m = 2n + 1 , and — H ; and R2 is 
selected from a fatty acid moiety of formula — COC , H , . , 
and — H . Thus , within the mixture : R , is an ester - linked fatty 
acid , an ether - linked saturated or monounsaturated fatty 
acid , or hydrogen ; and R , is either an ester - linked fatty acid 
moiety or hydrogen ; provided that R , and R , are not both 
hydrogen in a single molecule . 
[ 0100 ] The term “ fatty acid ” refers to a carboxylic acid 
with an unbranched aliphatic chain , which may be saturated 
or unsaturated . These have the general formula C Hm 
COOH Long chain polyunsaturated fatty acids ( LC - PUFAS ) 
are in general fatty acids that have a n value of 19 or more . 
Polyunsaturated refers to unsaturation at two or more bonds . 
The term “ fatty alcohol ” refers to an alcohol with an 

unbranched aliphatic chain , which may be saturated or 
unsaturated , and they have the general formula C Hm 
CH2OH . The term “ fatty acid moiety ” as used herein refers 
to the aliphatic chain C , H , from such fatty acids and fatty 
alcohols , and the nature of the moiety can be defined by 
referring to the corresponding fatty acid and / or fatty alcohol . 
Thus , for a fatty acid moiety of formula — COC „ Hm or 
- CH2C „ Hm the corresponding fatty acid is C „ Hn COOH 
and the corresponding fatty alcohol has formula C , H , 
CH OH . By way of example the fatty acid DHA 
( C2H3COOH ) corresponds to a fatty acid moiety of for 
mula - COC2H31 or CH2C21H31 and EPA 
( C19H2 , COOH ) corresponds to a fatty acid moiety of for 
mula — COC19H29 or - CH2C19H29 . 
[ 0101 ] R , and R , can thus be fatty acid moieties that 
contain saturated or unsaturated aliphatic chains , but at least 
30 % by weight of the phospholipid mixture is composed of 
omega - 3 fatty acid moieties at the R , and R , positions ( i . e . 
omega - 3 fatty acid moieties provide at least 30 g for every 
100 g of phospholipid compounds in the mixture ) . Omega - 3 
fatty acids are polyunsaturated fatty acids whose final 
double bond is positioned between the third and fourth 
carbon atoms from the methyl end of the hydrocarbon chain 
Non - limiting examples of omega - 3 fatty acids include 5 , 8 , 
11 , 14 , 17 - eicosapentaenoic acid ( EPA ) , 4 , 7 , 10 , 13 , 16 , 19 - do 
cosahexanoic acid ( DHA ) and 7 , 10 , 13 , 16 , 19 - docosapen 
tanoic acid ( DPA ) . At least 90 % by weight of total omega - 3 
fatty acid moieties in a phospholipid mixture are at position 
R , within formula ( I ) . At least 50 % by weight of total 
omega - 3 fatty acid moieties in a phospholipid mixture are 
EPA and / or DHA ( i . e . weight of DHA and EPA / total weight 
of omega - 3 fatty acid moieties in the phospholipids of 
formula I ) . 
[ 0102 ] The weight contribution of total omega - 3 fatty acid 
moieties at the R , and R , positions can be determined by 
extracting total phospholipids from the mixture e . g . using 
the method of reference 8 . This is followed by hydrolysis of 
the lipids to release fatty acids . The released fatty acids are 
converted to fatty acid esters e . g . fatty acid methyl esters and 
these esters are analysed e . g . by gas chromatography , HPLC , 
etc . For instance , the American Oil Chemists ' Society has 
published AOCS Official Method Ce 1b - 89 for determining 
the fatty acid composition of marine oils and marine oil 
esters by capillary column gas - liquid chromatography . Simi 
larly , reference 7 discloses quantitative analysis of krill oil 
using HPLC methods based on references 9 and 10 ( using 
evaporative light scattering detection or charged aerosol 
detection ) . These established methods provide the amount of 
specific fatty acids present in a sample , from which the 
amount of omega - 3 fatty acids present in the sample ( i . e . in 
positions R , and R , of the phospholipid mixture ) can be 
calculated . In general , references to the content of lipid or 
phospholipid compositions on a weight / weight basis as 
referred to herein should be taken as having been determined 
on the basis of these methods ( extraction as in reference 8 , 
followed by processing and analysis by chromatography ) . 
[ 0103 ] Preferably the phospholipid mixture comprises 
between 30 - 40 % w / w omega - 3 fatty acid moieties . 
[ 0104 ] In some embodiments , the phospholipid mixture 
comprises both EPA and DHA fatty acid moieties , in which 
case the EPA and DHA moieties are preferably present in a 
molar ratio of EPA : DHA of from about 1 : 1 to about 3 : 1 ( e . g . 
about 1 . 5 : 1 to 2 : 1 , or about 1 . 8 : 1 to 2 . 2 : 1 ) . The material 

m ? 
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produced by the process of reference 12 gives a phospho - 
lipid mixture having a EPA : DHA ratio of about 1 : 1 ( see 
Table 2 therein ) . 
[ 0105 ] Lysophospholipids are formed by hydrolysis of 
fatty acids from phospholipids , resulting in phospholipids 
with a single fatty acid moiety . Thus one of R , or R , is — H 
in these lysophospholipid compounds . The invention seeks 
to avoid high levels of lysophospholipids , and the processes 
of the invention result in low concentrations of lysophos 
pholipids , namely < 3 % w / w and preferably less than 2 % , 
less than 1 % , or even less than 0 . 5 % ( weight of lysophos 
pholipid / weight of total phospholipids of formula 1 ) . The 
amount of lysophospholipid may be determined by the 
HPLC - based analytical methods referred to above , and also 
by NMR or HP - TLC . 
[ 0106 ] In one embodiment the mixture has a lysophos 
pholipid content of between 1 . 1 - 3 % w / w , but in other 
embodiments the mixture has a lysophospholipid content of 
less than 0 . 9 % w / w . These levels are much lower than see in , 
for instance , reference 3 , where lyso - phosphatidylcholine 
( LPC ) levels were consistently 9 % or higher in phospholip 
ids having > 50 % purity . 
[ 0107 ] R? and R2 are not both - H in a phospholipid 
compound . Furthermore , within the composition , it is pre 
ferred that molecules of formula ( I ) where R , and R , are 
both hydrogen are undetectable . 
[ 0108 ] R3 
[ 0109 ] Rz is H or is selected from a choline , ethanolamine , 
N - acetylethanolamine , inositol and serine . Choline moieties 
predominate at R3 , and the mixture of phospholipid com 
pounds comprises more than 80 % choline moieties at posi 
tion R , on a molar % basis ( mol of choline moieties / total 
mol phospholipid compounds of formula I ) , and preferably 
more than 85 % e . g . at least 86 , 87 , 88 , 89 , or 90 % choline 
moieties at position R , on a molar % basis . The mixture of 
phospholipid compounds can comprise at least 1 % ( e . g . 
about 3 - 15 % , 5 - 12 % , 7 - 10 % or 8 - 9 % ) ethanolamine and / or 
N - acetylethanolamine moieties at position Rz on a molar % 
basis , and preferably a mixture includes at Rz choline and 
either or both of ethanolamine and / or N - acetylethanolamine . 
The mixture of phospholipid compounds can comprise < 1 % 
of inositol moieties at position R , on a molar % basis . It is 
also possible to focus on PE or PC phospholipids , so in some 
embodiments , the mixture of phospholipids can comprise at 
least 99 % choline at position R , on a molar % basis ; in other 
embodiments the mixture of phospholipids can comprise at 
least 99 % ethanolamine and / or N - acetylethanolamine moi 
eties at position Rz on a molar % basis . These amounts can 
be determined for example by using NMR . The methods 
referred to above can also be used to determine the amounts 
of these components on a w / w basis ( in which the amount of 
each may be expressed in g / 100 g oil ) . 
[ 0110 ] Within the mixture , for molecules where Rz is a 
choline moiety , it is preferred that around 5 - 15 % by number 
of these molecules have an ether - linkage at position Ri . 
Thus , where Rz is choline , 5 - 15 % of these molecules have 
R1 of formula CH2C „ Hm , where m = 2n = 1 . 
[ 0111 ] Within the mixture , for molecules where Rz is an 
ethanolamine or N - acetylethanolamine moiety , it is pre 
ferred that around 35 - 45 % by number of these molecules 
have an ether - linkage at position R . Thus , where Rz is 
ethanolamine or N - acetylethanolamine , 35 - 45 % of these 
molecules have R , of formula — CH C „ Hm , where m = 2n = 1 . 

( 0112 ] Phosphorous - containing groups in phospholipids 
of the invention may exist in a number of protonated and 
deprotonated forms depending on the pH of the surrounding 
environment , for example the pH of the solvent system in 
which they are dissolved . Therefore , although a particular 
form may be illustrated in the formula shown above with a 
negatively - charged O group , this is intended to be merely 
representative and does not limit the invention to a specific 
protonated or deprotonated form . 
[ 0113 ] Phospholipid Concentration in the Composition 
[ 0114 ] The processes of the invention provide composi 
tions in which polar lipids ( e . g . phospholipids when starting 
from krill material ) make up a high proportion of total lipid 
content . Thus in some embodiments at least 85 % by weight 
of the composition consists of phospholipid compounds of 
formula ( I ) e . g . > 90 % , > 95 % , > 96 % , > 97 % , > 98 % , or even 
> 99 % . The low level of impurities means that such compo 
sitions are suitable for pharmaceutical use . 
[ 0115 ] As discussed above , these highly pure composi 
tions can be obtained via the use of acetone precipitation , but 
it is preferred that the compositions are substantially free 
from residual acetone . Acetone is classified by ICH guide 
line Q3C as a class 3 solvent i . e . as having low toxic 
potential . Recommended intake of such solvents is 50 mg 
per day or less , and so a composition of the invention ideally 
has an acetone content of less than about 0 . 5 % by weight e . g . 
less than 0 . 1 % , or less than 0 . 01 % . Acetone removal is very 
efficient and can achieve levels as low as 20 mg per kg of 
purified krill phospholipid ( i . e . 0 . 002 % by weight or 20 
ppm ) . Alternatively defined , the composition can be essen 
tially free from acetone . 
[ 0116 ] Although preferred compositions are those in 
which at least 85 % by weight of the composition consists of 
phospholipid compounds of formula ( I ) , in some embodi 
ments this figure may be reduced , and the invention also 
contemplates compositions in which at least 75 % or 80 % by 
weight of the composition consists of phospholipid com 
pounds of formula ( I ) . 
[ 0117 ] Fatty Acid Signature 
[ 0118 ] The total lipids in wet krill paste ( see below ) have 
a relatively high amount of both 14 : 0 fatty acids ( e . g . about 
6 - 10 % by weight of total lipids ) and a 16 : 0 fatty acids ( e . g . 
about 15 - 17 % by weight ) . In contrast , after purification 
according to the invention the amount of 16 : 0 fatty acids 
stays about the same ( e . g . 15 - 17 % by weight ) whereas the 
amount of 14 : 0 fatty acids drops significantly ( e . g . to 
1 . 0 - 1 . 5 % by weight ) . Thus the ratio of C16 : 0 / C14 : 0 
increases from around 2 : 1 - 2 . 5 : 1 to about 12 : 1 - 16 : 1 , presum 
ably due to the different distribution of fatty acids among 
neutral lipids compared to polar lipids within krill . Thus a 
phospholipid mixture of the invention can include both 
C16 : 0 and C14 : 0 fatty acid moieties . The mixture can have 
a weight ratio of C16 : 0 / C14 : 0 fatty acid moieties of between 
10 : 1 and 18 : 1 e . g . between 12 : 1 and 16 : 1 . This ratio is one 
distinction between the phospholipid mixtures of the inven 
tion and those of references 4 ( see in particular Table 5 
therein , showing a ratio of about 4 . 2 : 1 ) , 11 ( see Table 15 , 
with a ratio of about 3 . 3 : 1 in Fraction I ) and 13 ( see Table 
2 , with a ratio of about 5 . 3 : 1 in the polar fraction of krill oil ) . 
[ 0119 ] The weight ratio of 18 : 4 n - 3 fatty acids to 18 : 3 n - 3 
fatty acids in wet krill paste is typically between 2 : 1 and 3 : 1 . 
In contrast , after purification according to the invention the 
ratio is between about 1 : 1 and 1 . 5 : 1 . Thus the purification 
decreases this ratio . Thus a phospholipid mixture of the 
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invention can include both C18 : 4 n - 3 and C18 : 3 n - 3 fatty 
acid moieties . The mixture can have a weight ratio of C18 : 4 
n - 3 / C18 : 3 n - 3 fatty acid moieties of between 1 : 1 and 3 : 2 . 
The presence of these fatty acid moieties is one distinction 
between the phospholipid mixtures of the invention and 
those of reference 4 ( see in particular Table 5 therein ) . A 
ratio between 1 : 1 and 3 : 2 is one distinction between the 
phospholipid mixtures of the invention and those of refer 
ences 11 ( see Table 15 , with a ratio of about 3 : 1 in Fraction 
I ) , 13 ( see Table 2 , with a ratio of about 3 . 4 : 1 in the polar 
fraction of krill oil ) , and 12 ( see Table 2 , with a ratio of about 
1 . 8 : 1 ) . 
[ 0120 ] Ideally , a composition has both of these properties 
i . e . a weight ratio of C16 : 0 / C14 : 0 fatty acid moieties of 
between 10 : 1 and 18 : 1 ( e . g . between 12 : 1 and 16 : 1 ) and also 
a weight ratio of C18 : 4 n - 3 / C18 : 3 n - 3 fatty acid moieties of 
between 1 : 1 and 3 : 2 . 
[ 0121 ] In some embodiments , a phospholipid mixture of 
the invention contains < 8 % oleic acid ( molar % of fatty acid 
moieties which are oleic acid moieties ) . Much higher levels 
of oleic acid were seen in , for instance , reference 5 ( see FIG . 
4C therein ) . 
[ 0122 ] Astaxanthins 
[ 0123 ] Contrary to the preference in reference 3 , where 
krill phospholipids include 3 g / kg astaxanthins , composi 
tions of the invention ideally include very low levels of 
astaxanthins ( i . e . free astaxanthin and esters thereof ) 
because , despite their advantageous antioxidant properties , 
the inventors see these compounds as pharmacological 
impurities which have a biological effect . Processes of the 
invention have the advantage that they can remove residual 
astaxanthins from the phospholipids . The composition of the 
invention can have a concentration of astaxanthins which is 
less than 300 ug per gram of phospholipid ( i . e . less than 
0 . 03 % by weight ) , and preferably less than 0 . 01 % by 
weight . Processes of the invention can readily reduce astax 
anthins to much lower levels and so compositions of the 
invention can even have less than 0 . 002 % by weight astax 
anthins ( i . e . < 20 mg astaxanthins per kg phospholipids ) or 
less than 0 . 001 % . Astaxanthin content can be measured by 
HPLC e . g . using UV detection . 
[ 01241 Levels of astaxanthins are expressed herein as diol 
equivalents i . e . as free astaxanthin , without including the 
weight of any esterification ( e . g . to fatty acids ) . 
[ 0125 ] Astaxanthins can be removed in step ( c ) , and in 
general this step removes astaxanthin monoesters . 
[ 0126 ] TRAO 
[ 0127 ] In some embodiments the composition comprises 
less than 0 . 01 % by weight TMAO e . g . 0 . 005 % . Ideally , 
TMAO is undetectable . TMAO is removed primarily by 
washing step ( b ) . About 85 % of the TMAO can be removed 
in a single washing step ( b ) , and the inventors have observed 
that the amount of TMAO present in a krill - derived phos 
pholipid - rich composition is undetectable . TMAO levels can 
also be expressed relative to the phospholipid compounds . 
As such the TMAO content can be expressed as a molar ratio 
such that compositions of the invention have a molar excess 
of phospholipids to TMAO of at least 1 , 000 . 
[ 0128 ] In addition to having low or no TMAO , composi 
tions of the invention can also have less than 0 . 005 % by 
weight trimethylamine ( TMA ) e . g . undetectable TMA . 
[ 0129 ] TMA and TMAO can contribute to an unpleasant 
smell in a composition , and they can also lead to undesirably 
high viscosity . 

[ 0130 ] Homarine 
101311 . Homarine ( N - methylpicolinic acid ) is a morpho 
genetically active quaternary ammonium base which occurs 
in tissues of various marine animals , including krill . In some 
embodiments the composition comprises less than 0 . 01 % by 
weight homarine e . g . 0 . 005 % . Ideally , homarine is unde 
tectable . Homarine is removed primarily by washing step 
( b ) . 
[ 0132 ] Water Content 
[ 0133 ] Compositions of the invention can have a water 
content of less than about 10 % w / w , and preferably less than 
about 5 , 4 , 3 , 2 , or 1 % w / w . Water is optionally removed 
after formation of the phospholipid - rich composition , as 
described above . Ideally , a composition of the invention is as 
dry as possible , so a water content of < 2 % w / w , such as < 1 % 
or even < 0 . 5 % is desirable . 
[ 0134 ] PUFA Polymers 
[ 0135 ] As a result of using an inert atmosphere , in some 
embodiments the composition has low concentration of 
polymers of polyunsaturated fatty acids . Preferably the 
composition has less than about 0 . 03 , 0 . 02 , or 0 . 01 % w / w 
PUFA polymers . Polymer content is measured e . g . by NMR 
or gel permeation chromatography . 
[ 0136 ] Sphingomyelins 
[ 0137 ] Sphingomyelins are sphingophospholipids found 
in animal cell membranes . They are based on sphingosine , 
which is an 18 - carbon amino alcohol with an unsaturated 
hydrocarbon chain , and they usually consist of phosphocho 
line and ceramide , or a phosphoethanolamine head group . 
Reference 13 discloses a krill polar lipid extract obtained 
using hexane and acetone , including 8 % sphingomyelins . 
Compositions of the invention can include less than 5 % by 
weight sphingomyelin , and generally include much less than 
this ( or even zero ) . Thus a composition of the invention may 
include less than 1 % by wt sphingomyelin e . g . < 0 . 1 % , 
< 0 . 01 % , or < 0 . 001 % . 
[ 0138 ] Residual Organic Solvents 
[ 0139 ] As mentioned above , when making compositions 
of the invention it is preferred to use only pharmaceutically 
acceptable solvent components which are regarded as safe in 
humans . Pharmaceutically acceptable organic solvents are 
listed above ( Q3C class 3 ' ) . Thus compositions of the 
invention are preferably free from organic solvent compo 
nents which are not in this list e . g . they should be free from 
chloroform and hexane . If a composition includes a residual 
organic solvent , this is preferably a ' class 3 ' solvent , and it 
is even more preferred that a composition with residual 
organic solvent should include residues of only 2 or 3 
organic solvents in total e . g . residue only of ethanol and 
acetone . 
[ 0140 ] Omega - 6 Fatty Acid Moieties 
[ 0141 ] Omega - 6 fatty acids can be inflammatory , so they 
are ideally kept at low levels in compositions of the inven 
tion . Thus in some embodiments of the invention the total 
amount of omega - 6 fatty acids ( in particular those contrib 
uted by the phospholipid mixture ) is less than 2 % by weight , 
and ideally less than 1 . 5 % or even less than 1 % . This low 
level of omega - 6 fatty acids is not seen in , for instance , the 
krill phospholipids purified in reference 4 , where Table 5 
reports 18 % 20 : 4 n - 6 fatty acids and 3 . 5 % 18 : 2 n - 6 fatty 
acids . Similarly , Table 2 of reference 13 reports 4 . 4 % n - 6 
fatty acids in the polar fraction of krill oil . 
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[ 0142 ] Free Fatty Acids 
[ 0143 ] As mentioned above , the process of the invention 
can efficiently separate phospholipids from free fatty acids 
( FFA ) . In general , compositions of the invention include less 
than 2 % by weight free fatty acids , and ideally less than 1 % , 
preferably less than 0 . 5 % . In general , a high level of FFA 
may indicate a high level of lysophospholipids . 
[ 0144 ] In contrast , the process described in reference 12 
produces phospholipid extracts having high FFA levels ( e . g . 
see page 28 therein reporting at least 4 % FFA , and Table 5 
reporting at least 5 % ) . 
[ 0145 ] Other Organic Components 
[ 0146 ] Usually , compositions of the invention are free 
from canthaxanthin ( i . e . free canthaxanthin , and esters 
thereof , are undetectable ) , unlike those of references 11 ( e . g . 
see Table 18 therein ) and 12 ( e . g . see Table 5 therein ) . 
[ 0147 ] Usually , compositions of the invention are free 
from flavonoids ( i . e . flavonoids are undetectable ) , unlike 
those of reference 12 ( e . g . see Table 5 therein ) . 
[ 0148 ] Usually , compositions of the invention will include 
less than 7 IU of vitamin A per gram of phospholipid , and 
ideally less than 1 IU . When phospholipids of formula I 
make up more than 95 % by weight of a composition of the 
invention then vitamin A may be present even at less than 0 . 3 
IU per gram of phospholipid . These levels are much lower 
than reported in reference 3 . 
[ 0149 ] Preferred Compositions 
[ 0150 ] With reference to the features mentioned above , a 
preferred composition which comprises a mixture of phos 
pholipid compounds of formula ( I ) has properties ( a ) , ( c ) , 
( d ) , ( h ) , and ( k ) as noted above . This composition preferably 
also has property ( f ) and / or properties ( e ) and ( j ) . Thus a 
composition with all of properties ( a ) , ( c ) , ( d ) , ( e ) , ( f ) , ( h ) , 
( i ) , and ( k ) is particularly preferred . 
[ 0151 ] With reference to property ( h ) , fatty acid moieties 
of formula — CH , C , Cm are either saturated or mono - un 
saturated , and not polyunsaturated , such that m = 2n - 1 . The 
value of n is from 11 - 21 . 
[ 0152 ] Usually , the compounds of formula ( 1 ) in such 
compositions will include ( 1 ) both C16 : 0 and C14 : 0 fatty 
acid moieties and / or ( 2 ) both C18 : 4 n - 3 and C18 : 3 n - 3 fatty 
acid moieties . Such compositions should also have charac 
teristic ( b ) as noted above . Preferably the phospholipids 
include C16 : 0 , C14 : 0 , C18 : 4 n - 3 and C18 : 3 n - 3 fatty acid 
moieties . 
[ 0153 ] When the composition has property ( f ) , the amount 
of water is ideally less than 2 % by weight . 
[ 0154 ] Further useful properties of these preferred com 
positions are : 

[ 0155 ] ( m ) the composition has less than 1 % by weight 
free fatty acids ; 

[ 0156 ] ( n ) the composition has less than 0 . 005 % by 
weight trimethylamine ; and / or 

[ 0157 ] ( c ) the composition is free from canthaxanthin 
and flavonoid . 

[ 0158 ] Thus one preferred composition has properties ( a ) , 
( b ) ( c ) , ( d ) , ( e ) , ( f ) , ( h ) , ( j ) , ( k ) , ( m ) , ( n ) , and ( c ) , wherein : 
with reference to property ( h ) fatty acid moieties of formula 
_ CH , C , Cm are either saturated or mono - unsaturated , and 
not polyunsaturated ; the compounds of formula ( I ) include 
C16 : 0 , C14 : 0 , C18 : 4 n - 3 and C18 : 3 n - 3 fatty acid moieties ; 
and wherein the amount of water is optionally less than 2 % 
by weight . 

[ 0159 ] In these compositions the phospholipids of formula 
( 1 ) can include EPA and DHA moieties in a molar ratio 
( EPA : DHA ) of from 1 . 8 : 1 to 2 . 2 : 1 . 
[ 0160 ] Downstream Uses of Phospholipid Compositions 
[ 0161 ] Phospholipid compositions of the invention can be 
formulated as a pharmaceutical . Thus the invention provides 
a process for preparing a pharmaceutical composition , com 
prising : ( i ) preparing a phospholipid - rich composition from 
biological material as disclosed above ; and ( ii ) formulating 
the phospholipid - rich composition as a pharmaceutical . 
( 0162 ] Step ( ii ) can take various forms . For instance , the 
phospholipid - rich composition can be dissolved in a phar 
maceutically acceptable organic solvent to form a solution , 
or it can be dispersed in a pharmaceutically acceptable 
organic solvent to form a suspension , or it can be combined 
with a pharmaceutically acceptable aqueous carrier to form 
an emulsion . These pharmaceutical compositions should be 
liquid at 20° C . to facilitate administration to patients ( e . g . 
by injection ) or to facilitate handling and dosing of the 
phospholipid mixtures . 
[ 0163 ] The phospholipid - rich composition can be dis 
solved in a pharmaceutically acceptable solvent , such as 
ethanol or an aqueous solution of ethanol . The resulting 
phospholipid solution can comprise about 50 - 70 % ( prefer 
ably 55 - 65 % ) phospholipid and about 30 - 50 % ( preferably 
35 - 45 % ) pharmaceutically acceptable solvent on a w / w 
basis . The phospholipid solution may then optionally be 
combined with one or more further pharmaceutically accept 
able components e . g . it can be mixed with further compo 
nents , or it can be filled into a capsule for oral administra 
tion . 
10164 ] . The phospholipid - rich composition can alterna 
tively be mixed with a pharmaceutically acceptable solvent 
to form a suspension or an emulsion . The emulsion can be 
an oil - in - water emulsion or a water - in - oil emulsion . 
[ 0165 ] The phospholipid - rich composition can alterna 
tively be mixed with a solid pharmaceutically acceptable 
carrier , excipient , or diluent to form a solid pharmaceutical 
material . The lipid composition can , for instance , be treated 
by cryogenic grinding ( freezer milling ) before such mixing . 
[ 0166 ] The invention also provides a pharmaceutical com 
position comprising a phospholipid - rich composition of the 
invention in combination with one or more pharmaceutically 
acceptable carriers , excipients , or diluents . Preferred com 
positions are liquid at 20° C . 
[ 0167 ] Liquid compositions of the invention can be filled 
into capsules ( e . g . suitable for oral administration ) , and so 
the invention also provides a solid capsule which encapsu 
lates a liquid composition which comprises a phospholipid 
rich composition of the invention in combination with one or 
more pharmaceutically acceptable carriers , excipients or 
diluents . 
[ 0168 ] The invention also provides a phospholipid - rich 
composition of the invention for use in medicine . Similarly , 
it provides the use of a phospholipid - rich composition of the 
invention in the manufacture of a medicament for use in 
medicine . Similarly , it provides a method for treating a 
subject in need of a pharmaceutical composition of the 
invention . 
10169 ) Pharmaceutical compositions of the invention are 
suitable for various medical uses , particularly in humans . 
For instance , they can be used to reduce serum triglycerides , 
reduce serum cholesterol , reduce plaque formation , reduce 
platelet aggregation , treat atherosclerosis , improve cardio 

nn 
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vascular health , reduce inflammation , reduce coronary heart 
disease , treat depression , treat Alzheimer ' s disease , treat 
attention deficit disorder , and treat metabolic syndrome . 
[ 0170 ] They can be used to treat a disease or condition 
associated with red blood cells and cell membranes , and in 
particular a disease or conditions associated with an abnor 
mality in red blood cells of cell membranes . In some 
embodiments , the condition or disease is sickle cell disease , 
sickle cell anemia , or sickle cell trait . In some embodiments , 
the condition or disease is thalassemia ( alpha - , beta - or 
delta - ) , thalassemia in combination with a hemoglobinopa 
thy ( Hemoglobin E , Hemoglobin S , or Hemoglobin C ) , 
splenomegaly , or membrane abnormities such as acantho 
cytes or spur / spike cells , codocytes ( target cells ) , echino 
cytes ( burr cells ) , elliptocytes and ovalocytes , spherocytes , 
stomatocytes ( mouth cells ) and degmacytes ( “ bite cells ” ) . 
[ 0171 ] They can be used to treat or prevent a cardiovas 
cular disorder or metabolic syndrome . In some embodi 
ments , the cardiovascular disorder is selected from athero 
sclerosis , arteriosclerosis , coronary heart ( carotid artery ) 
disease ( CHD or CAD ) , acute coronary syndrome ( or ACS ) , 
valvular heart disease , aortic and mitral valve disorders , 
arrhythmia / atrial fibrillation , cardiomyopathy and heart fail 
ure , angina pectoris , acute myocardial infarction ( or AMI ) , 
hypertension , orthostatic hypotension , shock , embolism 
( pulmonary and venous ) , endocarditis , diseases of arteries , 
the aorta and its branches , disorders of the peripheral vas 
cular system ( peripheral arterial disease or PAD ) , Kawasaki 
disease , congenital heart disease ( cardiovascular defects ) 
and stroke ( cerebrovascular disease ) , dyslipidemia , hyper 
triglyceridemia , hypertension , heart failure , cardiac arrhyth 
mias , low HDL levels , high LDL levels , stable angina , 
coronary heart disease , acute myocardial infarction , second 
ary prevention of myocardial infarction , cardiomyopathy , 
endocarditis , type 2 diabetes , insulin resistance , impaired 
glucose tolerance , hypercholesterolemia , stroke , hyperlipi 
demia , hyperlipoproteinemia , chronic kidney disease , inter 
mittent claudication , hyperphosphatemia , omega - 3 defi 
ciency , phospholipid deficiency , carotid atherosclerosis , 
peripheral arterial disease , diabetic nephropathy , hypercho 
lesterolemia in HIV infection , acute coronary syndrome 
( ACS ) , non - alcoholic fatty liver disease / non - alcoholic ste 
atohepatitis ( NAFLD / NASH ) , arterial occlusive diseases , 
cerebral atherosclerosis , arteriosclerosis , cerebrovascular 
disorders , myocardial ischemia , coagulopathies leading to 
thrombus formation in a vessel and diabetic autonomic 
neuropathy . 
[ 0172 ] They can be used to treat , prevent , or improve 
cognition and / or a cognitive disease , disorder or impairment 
( memory , concentration , learning ( deficit ) ) , or to treat or 
prevent neurodegenerative disorders . In some embodiments , 
the cognitive disease , disorder or impairment is selected 
from Attention Deficit Disorder ( ADD ) , Attention Deficit 
Hyperactivity Disorder ( ADHD ) , autism / autism spectrum 
disorder ( ASD ) , ( dyslexia , age - associated memory impair 
ment and learning disorders , amnesia , mild cognitive 
impairment , cognitively impaired non - demented , pre - Al 
zheimer ' s disease , Alzheimer ' s disease , epilepsy , Pick ' s 
disease , Huntington ' s disease , Parkinson disease , Lou Geh 
rig ' s disease , pre - dementia syndrome , Lewy body dementia 
dementia , dentatorubropallidoluysian atrophy , Freidreich ' s 
ataxia , multiple system atrophy , types 1 , 2 , 3 , 6 , 7 spinoc 
erebellar ataxia , amyotrophic lateral sclerosis , familial spas 
tic paraparesis , spinal muscular atrophy , spinal and bulbar 

muscular atrophy , age - related cognitive decline , cognitive 
deterioration , moderate mental impairment , mental deterio 
ration as a result of ageing , conditions that influence the 
intensity of brain waves and / or brain glucose utilization , 
stress , anxiety , concentration and attention impairment , 
mood deterioration , general cognitive and mental wellbeing , 
neurodevelopmental , neurodegenerative disorders , hor 
monal disorders , neurological imbalance or any combina 
tions thereof . In a specific embodiment , the cognitive dis 
order is memory impairment . 
[ 0173 ] They can be used to inhibit , prevent , or treat 
inflammation or an inflammatory disease . In some embodi 
ments , the inflammation or inflammatory disease is selected 
from organ transplant rejection ; reoxygenation injury result 
ing from organ transplantation [ 14 ] including , but not lim 
ited to , transplantation of the following organs : heart , lung , 
liver and kidney ; chronic inflammatory diseases of the 
joints , including arthritis , rheumatoid arthritis , osteoarthritis 
and bone diseases associated with increased bone resorption ; 
inflammatory bowel diseases ( IBD ) such as ileitis , ulcerative 
colitis ( UC ) , Barrett ' s syndrome , and Crohn ' s disease ( CD ) ; 
inflammatory lung diseases such as asthma , acute respira 
tory distress syndrome ( ARDS ) , and chronic obstructive 
pulmonary disease ( COPD ) ; inflammatory diseases of the 
eye including corneal dystrophy , trachoma , onchocerciasis , 
uveitis , sympathetic ophthalmitis and endophthalmitis ; 
chronic inflammatory diseases of the gum , including gingi 
vitis and periodontitis ; inflammatory diseases of the kidney 
including uremic complications , glomerulonephritis and 
nephrosis ; inflammatory diseases of the skin including 
sclerodermatitis , psoriasis and eczema ; inflammatory dis 
eases of the central nervous system , including chronic 
demyelinating diseases of the nervous system , multiple 
sclerosis , AIDS - related neurodegeneration and Alzheimer ' s 
disease , infectious meningitis , encephalomyelitis , Parkin 
son ' s disease , Huntington ' s disease , Epilepsy , amyotrophic 
lateral sclerosis and viral or autoimmune encephalitis , preec 
lampsia ; chronic liver failure , brain and spinal cord trauma , 
and cancer . The inflammatory disease can also be a systemic 
inflammation of the body , exemplified by gram - positive or 
gram negative shock , hemorrhagic or anaphylactic shock , or 
shock induced by cancer chemotherapy in response to 
proinflammatory cytokines , e . g . , shock associated with 
proinflammatory cytokines . Such shock can be induced , e . g . , 
by a chemotherapeutic agent that is administered as a 
treatment for cancer . Other disorders include depression , 
obesity , allergic diseases , acute cardiovascular events , 
muscle wasting diseases , and cancer cachexia . Also inflam 
mation that results from surgery and trauma can be treated . 
[ 0174 ] Phospholipid - rich compositions of the invention 
can also be used as non - active pharmaceutical ingredients in 
pharmaceutical compositions . 
[ 0175 ] In some embodiments , the phospholipids ( e . g . krill 
phospholipids ) are administered in a daily dose of from 
about 0 . 1 to about 3 grams . 
0176 ] . Biological Materials 
( 0177 ] The invention is based on work developed for 
purifying phospholipids from krill material , but the pro 
cesses of the invention are applicable more broadly and may 
be used more generally to purify polar lipids of interest from 
various biological sources which contain those lipids . Thus , 
for instance , the starting biological material may be an algal , 
plant , or animal material , with marine animals and marine 
crustaceans being of particular interest . Suitable marine 



US 2018 / 0133263 A1 May 17 , 2018 

animal starting materials include , but are not limited to , krill , 
crabs , Calanus , plankton , eggs , crayfish , shrimp , fish ( espe 
cially herring ) , mussels , and marine algaes . The biological 
starting material can be either fresh or frozen , or can be a 
material produced from an algal , plant or marine animal 
biomass such as a meal , powder , hydrolysate , or coagulate 
( paste ) . The paste may be a wet paste or a dried paste . 
[ 0178 ] The preferred starting material is a krill material . 
Any species of krill may be utilized . Species of krill include 
Antarctic krill ( Euphausia superba ) , Pacific krill ( Euphausia 
pacifica ) and Northern krill ( Meganyctiphanes norvegica ) . 
In addition to E . superba , other species are known to live in 
the Antarctic , one in genus Thysanoessa ( T . macrura ) and 
six in genus Euphausia . These include ice krill ( Euphausia 
crystallorophias ) , E . frigida , E . longirostris , E . triacantha 
and E . vallentini . The preferred krill species is Euphausia 
superba . 
[ 0179 ] As well as the advantages associated with the 
presence of the omega - 3 fatty acids in phospholipid form , 
the use of krill as a source of such fatty acids has other 
advantages . Krill is abundant and can be harvested easily . 
Importantly it is very low in the food chain , which results in 
a relative lack of pollutants in krill when compared to 
species that are higher up the food chain . 
[ 0180 ] Rather than starting directly with krill organisms , it 
is preferred to start with krill which have been processed e . g . 
as disclosed in any of references 15 , 16 , or 17 . Dry or wet 
krill pastes can be made , but the preferred starting material 
is wet krill paste . As already known in the art ( e . g . see 
example 4 of reference 15 ) , such a paste can be obtained e . g . 
by heat treatment of krill organisms in water , separation of 
solid and aqueous materials by filtration to provide a krill 
milk , coagulation by heating , separation by filtration , and 
then pressing to remove water . A process of the invention 
can thus include an initial step of obtaining wet krill paste 
from live krill . Heating krill organisms soon after capture 
can inactivate their endogenous lipases , which can help to 
ensure that starting material used with the invention has a 
low intrinsic level of lysophospholipids , thereby reducing 
the need to remove these impurities during the process of the 
invention ( whereas freezing or freeze - drying does not inac 
tivate the lipases , and so lysophospholipid levels can be high 
after storage , particularly in the presence of residual water as 
this can remain active both in the frozen state and also 
during thawing ) . Endogenous lipases are a particular con 
cern if the krill are treated by crushing or squeezing after 
being caught because this procedure quickly liberates their 
hepatopancreatic lipases , leading to early generation of 
lysophospholipids . 
[ 0181 ] The wet krill paste is a protein - lipid mixture . 
Typically , it includes from about 10 % to about 30 % Phos 
pholipids on a dry w / w basis , and about 20 % to 50 % protein 
on a dry w / w basis , and the phospholipids comprise omega - 3 
fatty acid residues . The wet krill paste can include a lipid 
fraction having an omega - 3 fatty acid content of from about 
10 % to about 25 % on a dry w / w basis . In some embodi 
ments , the phospholipids include greater than about 90 % 
phosphatidylcholine on a dry w / w basis , and they can 
include less than about 10 % ethanolamine on a dry w / w 
basis . The wet krill paste can include from about 20 % to 
about 45 % triacylglycerol on a dry w / w basis . The wet krill 
paste can include less than about 1 % cholesterol . The paste 
can include from about 0 . 01 to about 200 mg / kg naturally 
occurring astaxanthins . 

[ 0182 ] Large - Scale Processes 
[ 0183 ] The invention provides a large - scale process for 
preparing phospholipids from krill material containing those 
phospholipids , wherein the process provides a composition 
in which the phospholipids form at least 90 % by weight of 
the composition , and wherein the composition has a mass of 
at least 1 kg . 
[ 0184 ] The krill phospholipids may make up at least 95 % 
by weight of the composition e . g . 296 % , 97 % , 298 % , or 
more . 
[ 0185 ] The composition may have a mass of at least 2 kg 
e . g . from 5 - 100 kg . 
[ 0186 ] Thus this large - scale process is for the first time 
suitable , using a single batch run , for preparing krill phos 
pholipids at the kilogram scale . 
[ 0187 ] The large - scale process is ideally based on solvent 
extraction from a starting krill material . As disclosed herein , 
it may include extraction in a first solvent system , washing 
in a second solvent system , and treatment also with a third 
solvent system . Thus the large - scale process can include 
steps as disclosed elsewhere herein , in order to provide large 
amounts of krill phospholipids in a form which is suitable 
for pharmaceutical use . 
[ 0188 ] Class 3 Solvent Processes 
[ 0189 ] The invention provides a process for preparing 
phospholipids from krill material containing those phospho 
lipids , wherein the process uses solvent systems to provide 
a composition in which the phospholipids form at least 90 % 
by weight of the composition , and wherein the solvent 
systems consist of solvent components selected from the 
group consisting of acetic acid , heptane , acetone , isobutyl 
acetate , anisole , isopropyl acetate , 1 - butanol , methyl acetate , 
2 - butanol , 3 - methyl - 1 - butanol , butyl acetate , methylethyl 
ketone , tert - butylmethyl ether , methylisobutyl ketone , 
cumene , 2 - methyl - 1 - propanol , dimethyl sulfoxide , pentane , 
ethanol , 1 - pentanol , ethyl acetate , 1 - propanol , ethyl ether , 
2 - propanol , ethyl formate , propyl acetate , formic acid , and 
water . 
[ 0190 ] The krill phospholipids may make up at least 95 % 
by weight of the composition e . g . 296 % , 297 % , 98 % , or 
more . 
[ 0191 ] This process is ideally based on solvent extraction 
from a starting krill material as disclosed herein . Thus it may 
include extraction in a first solvent system , washing in a 
second solvent system , and treatment also with a third 
solvent system , but in all cases the components of the 
solvent systems are selected only from acetic acid , heptane , 
acetone , isobutyl acetate , anisole , isopropyl acetate , 1 - buta 
nol , methyl acetate , 2 - butanol , 3 - methyl - 1 - butanol , butyl 
acetate , methylethyl ketone , tert - butylmethyl ether , methyl 
isobutyl ketone , cumene , 2 - methyl - 1 - propanol , dimethyl 
sulfoxide , pentane , ethanol , 1 - pentanol , ethyl acetate , 1 - pro 
panol , ethyl ether , 2 - propanol , ethyl formate , propyl acetate , 
formic acid , and water . Thus pure krill phospholipids can be 
obtained while avoiding solvent components such as chlo 
roform and hexane . 
[ 0192 ] Ideally , the processes use as few organic solvent 
components as possible e . g . only 2 or 3 organic solvent 
components in total . Thus a process in which ethanol and 
acetone are the only 2 organic solvent components is advan 
tageous for preparing a final pharmaceutical product . Over 
all , therefore , a process of the invention can use ethanol , 
acetone , and water as the only solvent components . 
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MODES FOR CARRYING OUT THE 
INVENTION 

Example 1 
[ 0193 ] This example describes the extraction of oil from a 
wet material . A coagulum from krill comprising about 70 % 
water , 15 % lipids and about 15 % other dry matter , mainly 
proteins , was obtained as described in reference 16 . This 
material was subjected to an extraction procedure as follows . 
3500 grams of pure ethanol was added to 1004 grams of the 
coagulum and stirred for 45 minutes . The mixture was then 
filtered through a filter paper applying vacuum on the 
receiving flask to obtain 3854 gram of filtrate . 1179 gram of 
the filtrate was subjected to evaporation on a rotary evapo 
rator and the obtained dry matter was washed 4 times with 
a 60 % solution of ethanol and finally the solvent was 
evaporated in a rotary evaporator . The obtained oil , 23 . 7 
gram , was solid at room temperature and comprised 76 . 8 % 
phospholipids . Water is removed by freeze drying . 
[ 0194 ] The content of EPA was 200 mg / gram and the 
content of DHA 87 mg / gram oil . The composition of the 
phospholipid fraction was as follows : 

checked by Karl Fischer titration and extra ethanol was 
added to give the correct final amount . 
[ 0198 ) The mixture was stirred in the vessel for 45 min 
utes , with gentle heating if required . Four final temperatures 
were studied in separate batches , namely a ) 2° C . , b ) 10° C . , 
c ) 15º C . and d ) 20° C . After stirring was complete , the 
mixtures were allowed to settle , and they each included a 
red - coloured liquid phase and a wet slurry which contained 
shell fragments and other insoluble materials . To remove the 
liquid phase from the slurry the mixtures were decanted , and 
the liquid material was put through a coarse filter and then 
serial - filtered through a 75 um and 5 um cartridge filter to 
obtain a ) 345 kg , b ) 366 kg , c ) 372 kg or d ) 374 kg of filtrate , 
with residual material remaining in the filtration cake . 
Smaller cartridge filters ( e . g . 1 . 2 um ) have also been used . 
[ 01991 . The filtrates were then subjected to a sequence of 
washes . Firstly , de - ionized water was added to give - 60 % 
w / w ethanol solutions ( a : 137 kg water ; b : 149 kg ; c : 152 kg ; 
d : 155 kg ) and the mixtures were stirred for 10 - 15 minutes 
and left to settle for 12 - 24 h at room temperature ( 15 - 20° C . ) 
in vessels having a valve at the base . The bottom phase was 
isolated by draining the bottom phase through the valve , to 
give between 5 . 4 - 9 . 0 kg of a lipid - rich fraction . The lipid 
rich fraction was re - washed 2 to 5 times with 60 % w / w 
ethanol at room temperature to give a final material which 
contained about 80 % by weight phospholipids and 20 % 
neutral lipids . In even the first wash , 85 % of TMAO was 
removed , and the further washes led to material with unde 
tectable TMAO ( less than 1 mgN / 100 g i . e . at least 20 - fold 
lower than reported in Table X of reference 18 ) . 
[ 0200 ] This lipid - rich material was treated at least once by 
cold acetone precipitation . Three parts w / w acetone were 
added and the lipid rich material was dissolved by gentle 
heating and slow stirring . The stirring was stopped and the 
mixture was cooled to 4° C . for precipitation . When the 
precipitation was complete , the upper solvent phase was 
removed . This cold precipitation procedure was performed 
three times in total , after first re - dissolving in fresh acetone 
each time . 
[ 0201 ] The precipitate was then subjected to evaporation 
and freeze - drying to remove residual acetone and water . 
Batch c ( i . e . extracted at 15° C . , then washed 3x60 % EtOH 
before cold acetone precipitation ) provided 1 . 9 kg of solid 
material ( an orange wax ) consisting of 98 % phospholipids / 
1 . 7 % neutral lipids with a water content of 3 % . The content 
of EPA was 19 . 2 g / 100 g and the content of DHA was 11 . 0 
g / 100 g solid material . The composition of the phospholipid 
fraction measured by 31P NMR was as follows : 

Phospholipid Weight - % Mol - % MW [ g / mol ] 
PC 
1 - LPC 
2 - LPC 

71 . 97 
0 . 24 

93 . 03 
0 . 45 
1 . 39 73 

PI 
LPI 
PS - Na 
LPS 
SPH 
PE 

790 . 0 
534 . 5 
534 . 5 
907 . 0 
629 . 5 
833 . 0 
555 . 5 
812 . 0 
770 . 0 
492 . 5 
1032 . 0 
820 . 0 
774 . 0 
746 . 0 
468 . 5 
812 . 0 

4 

* 

* 

* 

* 

* 

W 

* wYYYYYYYYYYYY * 

* 

* 

* 

* 

u 

MAR + RARA LPE 
APE 
PG 
DPG 
PA 
LPA 
Other 
Sum 
Phosphorus 

0 . 53 
76 . 93 

3 . 03 

0 . 66 
100 . 00 

Example 2 

Phospholipid Weight - % Mol - % MW [ g / mol ] 
82 . 59 

_ * ) 
0 . 12 

89 . 03 
_ * ) 
0 . 19 
0 . 44 

[ 0195 ] This example describes an alternative method for 
extraction of oil from the krill wet material , starting from a 
frozen paste from krill , which was subjected to an extraction 
procedure as described below . Unlike example 1 , all steps 
were performed under a nitrogen atmosphere . 
[ 0196 ] The paste comprises about 65 % water ( assessed via 
dry matter ) , 17 % lipids ( about equal weights of phospho 
lipids and neutral lipids ) , and about 18 % other dry matter , 
mainly proteins . Within the lipids , the proportions of certain 
fatty acids by weight were as follows : C16 : 0 about 15 - 17 % ; 
C14 : 0 about 6 - 10 % ; C18 : 3 n - 3 about 1 . 4 - 3 . 1 % ; and C18 : 4 
n - 3 about 3 . 5 - 7 % . 
[ 0197 ] 100 kg of the frozen coagulum ( - 20° C . ) was added 
to a vessel . Based on the water content of the coagulum , 350 
kg of pure ethanol ( 99 . 8 % w / w , room temp ) was then added 
to the vessel , giving a final ethanol concentration in the 
liquid phase of about 84 % w / w ( - 350 kg ethanol in 415 kg 
liquid solvents ) . Ethanol was added to give near to the 
desired final concentration , and then water content was 

_ 

_ 

_ 

PC 
1 - LPC 
2 - LPC 
PI 
LPI 
PS - Na 
LPS 
SPH 
PE 
LPE 
APE 
PG 
DPG 
PA 
LPA 

_ 

8 

790 . 0 
534 . 5 
534 . 5 
907 . 0 
629 . 5 
833 . 0 
555 . 5 
812 . 0 
770 . 0 
492 . 5 
1032 . 0 
820 . 0 
774 . 0 
746 . 0 
468 . 5 

_ 9 . 13 
_ 

0 . 59 
_ 

_ 

_ 

_ 
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- continued 
Phospholipid Weight - % Mol - % MW [ g / mol ] 

812 . 0 Other 
Sum 
Phosphorus 

0 . 69 
92 . 72 

3 . 64 

0 . 73 
100 . 00 

[ 0202 ] Thus , based on total weight of the material ana 
lysed by NMR , nearly 93 % of the final material was 
phospholipid . After compensating for residual water ( about 
3 % ) , residual organic solvent , and salts / minerals present 
after ignition , the overall purity was 98 % . Thus this process 
provides phospholipids with higher purity than seen using 
Example 1 . 
[ 0203 ] Further analysis of lipid composition was per 
formed by HPLC , and results are shown below ( grams per 
100 g of oil ) : 
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Parameter Results 
Lipid composition ) 

Triacylglycerol < 0 . 5 

Diacylglycerol | < 0 . 5 

Monoacylglycerol < 1 
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Free fatty acids < 0 . 5 

Cholesterol < 0 . 5 

Cholesterol ester < 0 . 5 

Phosphatidylethanolamine 7 . 7 

Phosphatidylinositol 

Phosphatidylserine ^ 

Phosphatidylcholine 92 

Lyso - phosphatidylcholine < 0 . 5 

Total polar lipids | 99 . 4 

Total neutral lipids < 0 , 5 

Total sum lipids 99 . 6 
Fatty acid composition ) 

Sum saturated fatty acids 17 . 8 

Sum monoenic fatty acids 9 . 1 

Sum PUFA ( n - 6 ) ?ally acids 1 . 2 

Sum PUFA ( n - 3 ) fatty acids 34 . 4 

Sum total PUFA fatty acids 35 . 8 

Sum fatty acids total | 62 . 7 
Cholesterol 0 . 31 weight % 

Astaxanthin / esters < 2 mg / kg 
Watcr content 3 % 

( 1 ) Calculated based on techniques in re?s . 7 , 9 & 10 . 

( 2 ) Calculated as fatty acid methyl esters , by AOCS Ce 1b - 89 . 
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[ 0204 ] Looking at specific fatty acids , proportions were as 
follows , measured across several batches : Precipitation Yield Phospholipid Neutral lipid Phospholipid yield 

2 
65 . 6 % 
95 . 4 % 

96 . 1 % 
99 % 

3 . 9 % 
1 % 

81 . 6 % 
62 . 6 % 

C14 : 0 C16 : 0 
16 / 14 
Ratio 

C18 : 3 
n - 3 

C18 : 4 
n - 3 

18 : 4 / 18 : 3 
Ratio 

6 - 10 % 15 - 17 % 2 - 2 . 5 1 . 4 - 3 . 1 % 3 . 5 - 7 % 1 % 2 - 3 Wet 
paste 
Final 

material 
1 . 0 - 1 . 5 % 15 - 17 % 12 - 16 1 . 0 - 2 . 5 % 1 . 0 - 2 . 5 % 1 - 1 . 5 

[ 0213 ] Thus phospholipids can be effectively purified 
from the washed krill extract using repeated steps of pre 
cipitation with 5 volumes of EtoAc at - 20° C . 
[ 0214 ] PUFA Polymerisation 
[ 0215 ] Purified krill phospholipids were exposed to air at 
70° C . to investigate polymerisation of PUFAs . After 12 
hours of treatment the region in a 31P NMR spectrum at 
- 0 . 95 to - 1 . 15 ppm showed a peak with a shoulder to the 
right . At samples taken during the treatment the peak was 
higher and the shoulder was less prominent , and in the 
starting material the peak was sharp with no shoulder . In all 
cases , however , the integrated area of this spectral region 
was constant . The shoulder is a pseudomarker of polymer 
ization , either inter - or intra - molecular , and thus represents 
the conversion of PUFA chains ( the main peak ) into various 
polymers . The absence of oxygen during processing of the 
krill material ( e . g . by performing the process under nitrogen ) 
means that this oxidative polymerisation does not occur . 
[ 0216 ] It will be understood that the invention is described 
above by way of example only and modifications may be 
made while remaining within the scope and spirit of the 
invention . 

[ 0205 ] The purified phospholipids included both ether 
linked and ester - linked fatty acids , but 10 % or fewer were 
ether - linked . NMR showed ether - linked fatty acid moieties 
at position snl but not at sn2 , and ether - linked fatty acids 
were either fully saturated or were monounsaturated . Where 
a phospholipid was a phosphatidylcholine , about 10 % of the 
molecules included ether - linked fatty acids ; where a phos 
pholipid was a phosphatidylethanolamine ( with or without 
N - acetylation ) , about 40 % of the molecules included ether 
linked fatty acids . PUFAs were seen only with ester link 
ages . 30 - 40 % by weight of fatty acids in the purified 
phospholipids were omega - 3 , and these were distributed at 
the snl and sn2 positions ( mainly at sn2 ) . Most of the 
omega - 3 fatty acids were EPA and / or DHA , with about 2x 
more EPA than DHA . 
[ 0206 ] The phosphatidylethanolamine content using this 
process was higher than seen when using the method of 
Example 1 ( about 2 . . higher ) . 
[ 0207 ] The lysophosphatidylcholine content ( 0 . 2 - 0 . 4 mol 
% ) is very low in the purified phospholipids , when compared 
both to the amount observed using the method of Example 
1 ( about 1 % ) and in the starting wet material ( about 1 . 2 - 1 . 4 
mol % ) . No molecules were detected where fatty acid chains 
had been lost at both the snl and sn2 positions . Lyso 
phosphatidylethanolamine ( with or without N - acetylation ) 
and lyso - phosphatidylinositol also were not seen . 
10208 ] Levels of astaxanthins were much lower in the 
purified phospholipids when compared to the material 
obtained in Example 1 . This reduction was even visible due 
to the weaker red colour . 
0209 Amino acids , TMAO and homarine were all below 
LOQ by standard analytical methods . 
[ 0210 ] Thus very pure krill phospholipids can be achieved 
by a process using extraction in 84 % ethanol , followed by 
washing in 60 % ethanol , and then multiple steps of cold 
acetone precipitation . 
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1 . A process for preparing a composition which is rich in 
polar lipids from a biological material containing those 
lipids , comprising steps of : 

( a ) mixing the biological material with a first solvent 
system in which the polar lipids are soluble , thereby 
preferentially extracting the polar lipids into a liquid 
phase of a slurry ; 

( b ) washing the biological material with a second solvent 
system in which the polar lipids are poorly soluble ; and 

Example 3 
[ 0211 ] Rather than being subjected to cold acetone pre 
cipitation , the washed lipid - rich material produced during 
example 2 ( 80 % phospholipid , 20 % neutral lipid ) was 
precipitated using ethyl acetate . In initial testing , the mate 
rial was thoroughly mixed with 3 parts of ethyl acetate at 
room temperature and then placed at 4° C . , - 11° C . or - 20° 
C . No precipitation was seen at 4° C . , but there was some 
phase separation at - 11° C . and precipitation was observed 
at - 20° C . 
[ 0212 ] Further washed lipid - rich material was mixed with 
2 , 3 or 5 parts of ethyl acetate and placed at - 20° C . to 
achieve precipitation . With 3 parts of solvent the phospho 
lipid yield was 32 % , but with 5 parts of solvent the yield was 
66 % . Re - precipitation of this material gave results as fol 
lows : 



US 2018 / 0133263 A1 May 17 , 2018 

( c ) mixing the extracted and washed material from steps 
( a ) and ( b ) with a third solvent system which partitions 
neutral lipids and polar lipids , 

wherein steps ( a ) and ( b ) can be performed in either order 
before step ( c ) , and wherein the solvent systems include 
organic solvent component ( s ) selected from the group con 
sisting of : water , acetic acid , heptane , acetone , isobutyl 
acetate , anisole , isopropyl acetate , 1 - butanol , methyl acetate , 
2 - butanol , 3 - methyl - 1 - butanol , butyl acetate , methylethyl 
ketone , tert - butylmethyl ether , methylisobutyl ketone , 
cumene , 2 - methyl - 1 - propanol , dimethyl sulfoxide , pentane , 
ethanol , 1 - pentanol , ethyl acetate , 1 - propanol , ethyl ether , 
2 - propanol , ethyl formate , propyl acetate , and formic acid . 

2 . The process of claim 1 , wherein step ( a ) is performed 
before step ( b ) . 

3 . The process of claim 1 , wherein the process uses only 
two different organic solvent components . 

4 . The process of claim 3 , wherein the only organic 
solvent components used in the process are ( i ) an alcohol 
and ( ii ) a ketone or an ester . 

5 . The process of claim 4 , wherein the alcohol is ethanol , 
the ketone is acetone , and the ester is ethyl acetate . 

6 . The process of claim 1 comprising steps of : ( a ) mixing 
krill material with ethanol to extract phospholipids into a 
liquid phase of a slurry ; ( b ) washing phospholipids extracted 
in step ( a ) with an aqueous solution of ethanol in which the 
phospholipids are poorly soluble , to provide a precipitate 

which includes the phospholipids ; and ( c ) dissolving and 
re - precipitating the washed phospholipids from step ( b ) 
using acetone , to separate the phospholipids from neutral 
lipids . 

7 . The process of claim 6 , comprising the further step of : 
( d ) removing residual acetone and ethanol from the compo 
sition and / or removing residual water from the composition . 

8 . A process for preparing phospholipids from krill mate 
rial containing those phospholipids , wherein the process 
uses a plurality of solvent systems to provide a composition 
in which the phospholipids form at least 90 % by weight of 
the composition , and wherein each of the solvent systems 
consists of solvent components selected from the group 
consisting of acetic acid , heptane , acetone , isobutyl acetate , 
anisole , isopropyl acetate , 1 - butanol , methyl acetate , 2 - bu 
tanol , 3 - methyl - 1 - butanol , butyl acetate , methylethyl 
ketone , tert - butylmethyl ether , methylisobutyl ketone , 
cumene , 2 - methyl - 1 - propanol , dimethyl sulfoxide , pentane , 
ethanol , 1 - pentanol , ethyl acetate , 1 - propanol , ethyl ether , 
2 - propanol , ethyl formate , propyl acetate , formic acid , and 
water . 

9 . The process of claim 8 , wherein each of the solvent 
systems consists of solvent components selected from the 
group consisting of ethanol , acetone , and water . 

10 . The process of claim 8 , wherein krill phospholipids 
make up at least 95 % by weight of the composition . 

* * * * * 


