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PROCESS FOR PRODUCING POWDERED COMPOSITION CONTAINING ASCORBIC
 

ACID ESTER OF POLYUNSATURATED FATTY ACID AND POWDERED COMPOSITION
 

CONTAINING THE ESTERS
 

TECHNICAL FIELD 

The present invention relates to ascorbic acid esters of 

polyunsaturated fatty acids shown by the following general formula 

(I): 

RCO-A ( I ) 

(wherein RCO- is an acyl group originating from a polyunsaturated 

fatty acid; and A is an ascorbic acid residue that is linked via 

"-0-" originating from the hydroxyl group of ascorbic acid). The 

esters of the present invention serve both as pro-forms of 

polyunsaturated fatty acids that have an increased stability against 

oxidation and are converted into polyunsaturated fatty acids once 

in a body, and as pro-forms of vitamin C, or pro-vitamin C. More 

specifically, the present invention relates to a process for forming 

the ascorbic acid ester of polyunsaturated fatty acid into a powder 

composition that facilitates handling of the compound during its 

production or use, as well as to a composi tion containing the powdered 

esters. 

Even more specifically, the present invention relates to a 

process for forming the ascorbic acid ester of polyunsaturated fatty 

acid shown by the general formula (I) (which may be referred to 

as "polyunsaturated fatty acid/ascorbic acid ester," hereinafter) 
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DESCRIPTION  PROCESS FOR PRODUCING POWDERED
COMPOSITION CONTAINING ASCORBIC  ACID ESTER OF
POLYUNSATURATED FATTY ACID AND POWDERED COMPOSITION
5 CONTAINING THE ESTERS  TECHNICAL FIELD The present invention
relates to ascorbic acid esters of  polyunsaturated fatty acids shown by the
following general formula  10 (I): RCO-A (I) (wherein RCO- is an acyl
group originating from a polyunsaturated  fatty acid; and A is an ascorbic
acid residue that is linked via  "-0-" originating from the hydroxyl group of
ascorbic acid). The 15 esters of the present invention serve both as
pro-forms of  polyunsaturated fatty acids that have an increased stability
against  oxidation and are converted into polyunsaturated fatty acids once
in a body, and as pro-forms of vitamin C, or pro-vitamin C. More
specifically, the present invention relates to a processfor forming 20 the
ascorbic acid ester of polyunsaturated fatty acid into a powder
composition that facilitates handling of the compound during its
production or use, as well as to a composition containing the powdered
esters. Even more specifically, the present invention relates to a  25
process for forming the ascorbic acid ester of polyunsaturatedfatty  acid
shown by the general formula (I) (which may be referred to  as
"polyunsaturated fatty acid/ascorbic acid ester," hereinafter)  1 into a
powder composition by mixing the compound with an aqueous  



solution of a water-soluble polysaccharide, a type of excipient,  to form an
emulsion, and dehydrating/drying the emulsion by  spray-drying. The
present invention further relates to a 5 composition containing the
powdered polyunsaturated fatty  acid/ascorbic acid ester produced by the
above process.  BACKGROUND ART 1. Polyunsaturated fatty acid 10
Polyunsaturated fatty acids (PUFAS) generally refer to fatty  acids that
consist of 18 to 22 carbon atoms and have a degree of  unsaturation of 2
to 6. Specifically, PUFAS range from linoleic  acid (18 carbon atoms,
degree of unsaturation = 2) to docosahexaenoic  acid (DHA) (22 carbon
atoms, degree of unsaturation = 6). 15 Of different polyunsaturated fatty
acids, docosahexaenoic  acid (DHA), eicosapentaenoic acid (EPA), a - or
y-linolenic acid,  dihomo-y-lenolenic acid (DGLA), and arachidonic acid are
not only  known to play important roles as biological compounds, but also
have various useful functions (See, for example, Okuyama Hiromi. 20 ed.,
"Brain Functions and Lipids" (1997) Gakkai Center Kansai; Sato  Kiyotaka.
ed., "Development of Functional Lipids" (1992); Watanabe  Akihiro et al.,
"Hepatic Diseases and Therapeutic Nutrition" (1992)  Dai-ichiShuppan.).
Some are already in use as pharmaceutical agents,  food and nutritional
products. In general, these polyunsaturated 25 fatty acids occur in the
form of glycerides or phospholipids rather  than in the form of free acids,
and are used as oils containing  polyunsaturated fatty acids. 2 2. Vitamin
C 



Vitamin C exhibits various physiological activities: it  facilitates synthesis of
collagen, the depletion of which causes  5 scurvy; it acts as a biological
antioxidant and eliminates free  radicals generated in a body; and it is
involved in the oxidation/reduction of iron ions of cytochrome C. Other
important  activities of vitamin C include anticancer activity, stimulation  of
immune functions and suppression of cholesterol synthesis and 10
associating anti-arteriosclerosis activity. The antioxidation  activity and the
ability to facilitate collagen synthesis, along  with the associating
anti-photoaging, anti-UV damage and  anti-pigmentation activities, make
vitamin C a dermatologically  important compound suitable for use in
cosmetics (See, for example, 15 "Fragrance Journal," vol.25, March
(1997) Special edition.).  Vitamin C is also added in food and cosmetic
products as antioxidant.  3. Polyunsaturated fatty acids and pro-forms of
vitamin C Despite their wide range of applications, polyunsaturated  20
fatty acids and vitamin C are susceptible to oxidation. For this  reason,
much effort has been devoted to developing pro-forms of  vitamin C
(pro-vitamin C), vitamin C derivatives that are converted  to vitamin C once
inside a body. Among pro-vitamins C thus far  produced are 6-0-palmitoyl-
and 6-0-stearyl-ascorbic acid esters,  25 which are antioxidants with high
solubility in lipid, 2-O-a-glucopyranosyl ascorbic acid having increased
stability  against oxidation, and those with phosphoric acid or sulfuric acid
3 bound to position 2. Attempts have also been made to make pro-forms
by combining a polyunsaturated fatty acid with vitamin C. Of such  



pro-forms, the ascorbic acid derivatives in which an acyl group  originating
from a polyunsaturated fatty acid is bound to position 5 6 via an ester
linkage are known to have higher stability against  oxidation than the
original polyunsaturated fatty acid and are,  thus, useful (See, for example,
J. Am. Oil Chem. Soc., 78(2001):  823). Aside from the functions
anticipated from the polyunsaturated  10 fatty acid and ascorbic acid,
these pro-forms of polyunsaturated  fatty acid and vitamin C may exhibit
completely new properties.  For example, of the ascorbic acid derivatives
in which an acyl group  originating from a polyunsaturated fatty acid is
bound to position  6 via an ester linkage, 6-O-docosahexaenoyl-ascorbate
is known to  15 have anti-arrhythmia activity (Japanese Patent Laid-Open
Publication No. Hei 10-139664), calcium antagonist activity  (International
Patent Publication No. WO 94/20092), and  anti-allergy activity (Japanese
Patent Laid-Open Publication No.  Hei 6-122627) . Also,
6-0-y-linoleyl-ascorbate has proven to have 20 an ability to inhibit aldose
reductase (US Patent No. 6069168) and  is shown to be effective against
streptozotocin-induced diabetes  model (Diabetologia. 39(1996): 1047). 4.
Techniques to make polyunsaturated fatty acid into powder  25 Oils
containing polyunsaturated fatty acids are generally  provided in the form
of liquid oil or semi-solid (paste) These  oils are susceptible to oxidation
and are therefore difficult to  4 handle. In one technique to cope with this
problem, linoleic acid  is mixed with a water-soluble polysaccharide, such
asmaltodextrin,  



gum Arabic and soybean polysaccharide, in the presence of various
surfactants, and the mixture is spray-dried to form microcapsules 5
(powderization) . The resulting linoleic acid powder has higher  stability
against oxidation than the original linoleic acid (See,  for example, J. Agr.
Food Chem., 50(2002): 3984, J.  Microencapsulation, 19(2002): 181).
Other techniques for forming polyunsaturated fatty acids into  10 a powder
composition have been described in several patent  applications. For
example, Japanese Patent Laid-Open Publication  No. Hei 6-228589
describes a technique for providing a powder that  can be preserved stably
over a prolonged storage period without  forming peroxides, can be readily
dispersed in water, and is 15 easy-handling. In this technique, a
water-soluble excipient  comprising a protein or a polysaccharide or an
alkaline metal salt  thereof is used to form an ON type emulsion, which is
spray-dried.  The water-soluble excipient on the surface of the resultant oil
powder is modified with an acid or a metal with a valency of 2 into 20 a
water-insoluble form, which in turn is dispersed in a solution  of
water-soluble excipient. The solution is then spray-dried to  form a
water-soluble film on the surface of the oil powder. Atechnique described
in Japanese Patent Laid-Open Publication  No. Hei 7-313057 uses
defatted soybean to serve as an.excipient  25 and is particularly effective
in improving the stability of polyunsaturated fatty acids against oxidation.
Japanese Patent  Laid-Open Publication No. Hei 10-99056 describes a
technique for  5 providing EPA or DHA-containing powder compositions.
According to  



this technique, an oil-in-water-type emulsion is prepared by using  DHA,
an oil containing lOwt% or more of DHA and/or 5wto or more  of linoleic
acid, 2 to 20wt% of diet fiber as an excipient, 10 to 5 7Owt o of hydrolysis
product of starch or lower sugar product obtained  by reductive
degradation of starch, and 0.01 to 5wt% of antioxidant.  The resulting
emulsion is dried under vacuum. Japanese Patent Laid-Open Publication
No. Hei 9-235584  describes an oil composition obtained by adding 0.0001
to 1 parts  10 by weight of ascorbic acid, along with 0.0001 to 1 parts by
weight of at least one selected from citric acid, citrate, malic acid,  and
malate, to 100 parts by weight of an oil. The resulting oil  is emulsified to
obtain a W/O type emulsion, which in turn is dissolved  in an aqueous
phase to form a water-in-oil-type emulsion. This  15 emulsion is then dried
to form a powder. The techniques described above are some of the known
techniques  for making polyunsaturated fatty acid-containing oils into
powder.  Each of these techniques, however, concerns a polyunsaturated
fatty  acid-containing oil, which has different physical properties from 20
the ascorbic acid/polyunsaturated fatty acid ester of the present  invention.
Therefore, each of the above descriptions offers only  limited teaching.
The above-described techniques each have a  different purpose for
making a powder composition: each involves  addition of extra additives or
other troublesome complicated 25 processes and thus cannot be directly
applied to making the ascorbic  acid/polyunsaturated fatty acid ester into
powder.  Specifically, ascorbic acid esters of polyunsaturated fatty 6 



acid of the present invention having 3 or higher degree of  unsaturation,
including DHA, arachidonic acid and DGLA, do not  readily crystallize.
Rather, they tend to forma paste, making their  handling difficult. Such
characteristics of the esters also make 5 themunsuitable for use in
pharmaceutical or foodproducts. Although  preparations and compositions
using these compounds have been  described in literatures, such as oral
preparations using  6-0-docosahexaenoyl-ascorbate described in
Japanese Patent  Laid-Open Publication No. Hei 10-139664 and
International Patent 10 Publication No. WO 94/20092, in which common
excipients for use  in oral preparations (e.g., starch, lactose and crystalline
cellulose) are mentioned, no specific production process has been
described that overcomes the problems caused by the physical  properties
of the compound. Nor can any specific description be 15 found in US.
Patent No. 6069168, which describes  6-0-7-linoleyl-ascorbate, regarding
excipients for making tablets  containing the compound. Thus, no
techniques have thus far been  available in this particular technical field for
forming a powder  composition of polyunsaturated fatty acid/ascorbic acid
ester. 20 Accordingly, it is an objective of the present invention to  provide
a simple process for making a powder composition comprising  a
polyunsaturated fatty acid/ascorbic acid ester, which otherwise  forms a
paste and exhibits undesirable physical properties. It is  another objective
of the present invention to provide such a powder 25 composition
comprising a polyunsaturated fatty acid/ascorbic acid  ester. 7 



DISCLOSURE OF THE INVENTION Addressing the above-described
problems, the present  invention comprises the followings: (1) A process
for making an ascorbic acid ester of a 5 polyunsaturated fatty acid into
powder, the ester represented by  the following general formula (I): RCO-A
(I) (wherein RCO- is an acyl group originating from a polyunsaturated  fatty
acid; and A is an ascorbic acid residue that is linked via  10 "-0-"
originating from the hydroxyl group of ascorbic acid), the  process
comprising: mixing the ascorbic acid ester of polyunsaturated fatty acid
with an aqueous solution of a water-soluble excipient to form an  emulsion;
and 15 spray-drying the emulsion to dehydrate and dry the emulsion.  (2)
The process according to (1) above, wherein the ascorbic  acid ester of
polyunsaturated fatty acid of the general formula  (I) is first mixed with a
diluent, and the mixture is then mixed  with the aqueous solution of the
water-soluble excipient. 20 (3) The process according to (2) above,
wherein the mixing  ratio by weight of the compound of the general
formula (I) to the  diluent is in the range of 1 : 1 to 1 : 100. (4) The process
according to (3) above, wherein the mixing  ratio by weight of the
compound of the general formula (I) to the  25 diluent is in the range of 1 :
3 to 1 : 10. (5) The process according to any one of (1) to (4) above,
wherein the mixing ratio by weight of the compound of the general  



8 formula (I) or the mixture of the compound of the general formula  (I) and
the diluent to the aqueous solution of the excipient is  in the range of 1 : 1
to 1 : 100. (6) The process according to (5) above, wherein the mixing  5
ratio by weight of the compound of the general formula (I) or the  mixture
of the compound of the general formula (I) and the diluent  to the aqueous
solution of the excipient is in the range of 1 2 to 1 : 20. (7) The process
according to any one of (1) to (6) above,  10 wherein the water-soluble
excipient is a water-soluble  polysaccharide. (8) The process according to
(7) above, wherein the  water-soluble polysaccharide is selected from
maltodextrin, gum  Arabic, soluble starch, and soybean polysaccharide. 15
(9) The process according to any one of (2) to (6) above,  wherein the
diluent is a long-chain fatty acid or an ester thereof,  a surfactant, or a
liquid oil. (10) The process according to (9) above, wherein the diluent  is
selected from methyl oleate, oleic acid, linoleic acid, olive  20 oil, soybean
lecithin, a monoglyceride of a fatty acid and a sugar  ester of a fatty acid.
(11) The process according to any one of (1) to (10) above,  wherein A in
the compound of the general formula (I) is a residue  originating from the 6
hydroxyl group of ascorbic acid. 25 (12) The process according to any one
of (1) to (11) above,  wherein RCO- in the compound of the general
formula (I) is selected  



from acyl groups of arachidonic acid, dihomo-y-linolenic acid, and  9
docosahexaenoic acid. (13) A composition containing the powdered
compound  represented by the general formula (I) and produced by the
process  according to any one of (1) to (12) above. 5 BRIEF
DESCRIPTION OF THE DRAWING Fig. 1 is a graph showing the results
of Example 4.  The symbols shown in the graph are as follows: a blank
square indicates the result for a gum Arabic-based  10 powder
(microcapsule) of 6-0-arachidonoyl-ascorbate obtained in  Example 1; a
solid square indicates the result for a gum Arabic-based  powder of
arachidonic acid provided as a control; a blank triangle indicates the result
for a soybean 15 polysaccharide(Soyafibe (registered trademark))-based
powder of  6-0-arachidonoyl-ascorbate obtained in Example 2; a solid
triangle indicates the result for a soybean  polysaccharide(Soyafibe
(registered trademark))-based powder of  arachidonic acid provided as a
control; 20 a blank circle indicates the result for maltodextrin (Pinedex
#100)-based 6-0-arachidonoyl-ascorbate obtained in Example 3;  a solid
circle indicates the result fora (Pinedex #100) -based powder of
arachidonic acid provided as a control; a blank diamond indicates the
result for non-powdered  25 6-0-arachidonoyl-ascorbate; and 



a solid diamond indicates the result for non-powdered  arachidonic acid.
10 BEST MODE FOR CARRYING OUT THE INVENTION As described
above, the present invention specifically  provides a process that involves
mixing the polyunsaturated fatty  5 acid/ascorbic acid ester of the general
formula (I) with an aqueous solution of a water-soluble polysaccharide, a
type of excipient,  to form an emulsion, and then drying the emulsion by
spray-drying.  The resulting powdered (microcapsulated) polyunsaturated
fatty  acid/ascorbic acid ester not only becomes highly handleable, but 10
also shows significantly improved stability against oxidation.  The
powdered polyunsaturated fatty acid/ascorbic acid esters  provided in
accordance with the present invention may be suitably  mixed with other
components to make tablets, soft or hard capsules,  and other
preparations and are expected to find practical 15 applications in the fields
of pharmaceutical products, food products,  and cosmetics. As described
above, the present invention provides an  effective process for making the
polyunsaturated fatty  acid/ascorbic acid ester of the general formula (I)
into powder. 20 The compound of the general formula (I) has the desirable
physiological activities of vitamin C and, at the same time, exhibits  the
physiological activities of polyunsaturated fatty acids, such  as DHA, EPA,
and arachidonic acid, each an important biological  compound. In other
words, the compound of the general formula (I) 25 can be considered as a
"dual pro-form" that serves both as a pro-form  



of a polyunsaturated fatty acid that has high stability against  oxidation and
as a pro-vitamin C. Thus, there has been a high  11 expectation for the
compounds of the general formula (I) to find  a wide range of applications
in food products, cosmetics,  pharmaceutical products, and various other
fields. Nonetheless,  the compounds of the general formula (I) tend to form
a paste, the 5 characteristic that makes the compounds difficult to handle.
In the course of his study, the present inventor has found  that the
compound of the general formula (I) can be formed into  powder in a
simple fashion by selecting a particular water-soluble  polysaccharide
serving as an excipient, mixing it with an aqueous 10 solution of the
water-soluble polysaccharide to form an emulsion,  and spray-drying the
emulsion. Surprisingly, it has turned out that  the polyunsaturated fatty
acid is significantly more stable against  oxidation in the resulting
powdered material than in the original  paste form of the polyunsaturated
fatty acid/ascorbic acid ester. 15 It was these findings that ultimately led to
the present invention.  The present invention will now be described with
reference  to specific embodiments, which are not intended to limit the
scope  of the invention in any way. The ascorbic acid derivatives
represented by the general  20 formula (I) in which an acyl group
originating from a polyunsaturated  fatty acid is bound to position 6via an
ester linkage can be chemically  synthesized either by condensation of a
polyunsaturated fatty acid  with ascorbic acid using a common dehydrating
agent such as  dicyclohexylisourecarbodiimide or by treating an acid
chloride of 



25 a polyunsaturated fatty acid with ascorbic acid (See, for example,  US
Patent No. 6069168) . Alternatively, the ascorbic acid  derivatives can be
enzymatically synthesized by treating a 12 polyunsaturated fatty acid and
ascorbic acid with iipase in an organic  solvent such as acetone (See, for
example, J. Am. Oil. Chem. Soc.  78(2001): 823) . If necessary, the
resulting compounds may be  purified by silica gel chromatography. 5 In
making the resulting polyunsaturated fatty acid/ascorbic  ester compound
of the general formula (I) into powder, the compound  is preferably mixed
with a diluent, such as a long-chain fatty acid  or an ester thereof including
methyl oleate, or an oil such as olive  oil, prior to mixing with the aqueous
solution of the water-soluble 10 polysaccharide to serve as an excipient.
The polyunsaturated fatty  acid/ascorbic ester compoundmaybe directly
mixed with the excipient  without using the diluent depending on the
property of the compound. The mixing ratio (by weight) of the ascorbic
acid derivative,  or polyunsaturated fatty acid/ascorbic acid ester
compound, to the  15 diluent is in the range of 1 : 1 to 1 : 100, and
preferably in the range of 1 : 3 to 1 : 10. Instead of a fatty acid ester or an
oil,  a surfactant, which can form micelles, may be used as the diluent.
Such a surfactant may be glyceryl monostearate, a monoglyceride  of a
fatty acid for use in food products, or a sugar ester (fatty 20 acid ester of
sucrose) or soybean lecithin, and may be used at the  same ratio. The
resulting mixture is then mixed with the excipient to  form an emulsion.
The excipient used is a water-soluble  



polysaccharide dissolved in water in advance. Examples of such a 25
water-soluble polysaccharide include, but are not limited to,  dextrin, in
particular maltodextrin, soluble starch, gum Arabic,  or polysaccharides
derived from soybean, such as "soyafibe" 13 manufactured and marketed
by Fuji Oil, Co., Ltd. The mixing ratio  (by weight) of the oil mixture, that is,
the polyunsaturated fatty  acid/ascorbic acid ester compound or the
mixture of the polyunsaturated fatty acid/ascorbic acid ester compound
with the  5 diluent, to the excipient is in the range of 1 : 2 to 1 : 100, and
preferably in the range of 1 : 2 to 1 : 20. Using a homogenizer,  the
resulting mixture is then vigorously stirred to form an emulsion  (0/W type
emulsion with the dispersed phase being oil droplets). If the amount of the
oil is larger than 1 : 1 in terms of  10 the mixing ratio (by weight) of the
polyunsaturated fatty  acid/ascorbic acid ester compound or the mixture of
the  polyunsaturated fatty acid/ascorbic acid ester compound with the
diluent, to the excipient, the mixture may not be successfully formed  into
powder. Preferably, the size of the oil droplets in the emulsion 15 is in the
range of 0. 1 to 5 m. While the oil droplets may be smaller  than this range,
the droplets equal to, or greater than, 5m in  size tend to destabilize the
emulsion and are thus not suitable.  More preferably, the size of the oil
droplets is in the range of  0.01 to 1 pm since the oil droplets with a
smaller size can lead 20 to formation of favorable powder less susceptible
to oxidation.  The resulting emulsion is then dried with a spray drier (100
to 200C) to give powder of the microcapsulated polyunsaturated  



fatty acid/ascorbic acid ester. While the drying process may be  carried out
using any technique, the spray drying using a spray 25 drier can make the
emulsion into powder in a simpler manner as compared  to other drying
measures, such as drum drying, vacuum freeze drying,  and vacuum
drying (drum-type and continuous belt-type), and is thus  14 most
preferred. The resulting microcapsulated powder of
6-0-arachidonoyl-ascorbate was left in the air at 37 C and a humidity  of
12% for 30 days to determine the stability of the powder against 5
oxidation (See, Example4below). During the 30-day period, samples  were
taken at predetermined intervals and were hydrolyzed intomethyl
arachidonate, which in turn was subjected to gas chromatography  to
determine the amount of non-oxidized arachidonic acid. The  results are
shown in Table 1. As shown, the stability of any 10 polysaccharides used
was improved by powdering. The increase in  the stability against
oxidation was particularly significant in  gum Arabic and soybean
polysaccharide. As set forth, the present invention provides a powdering
process to improve the physical properties of polyunsaturated fatty  15
acid/ascorbic acid esters that show various physiological activities. The
polyunsaturated fatty acid/ascorbic acid esters  powdered by the process
of the present invention proved to be  significantly more stable against
oxidation as compared to the  non-powdered counterparts, which were
highly susceptible to 20 oxidation. Thus, the present invention facilitates
the use of the  polyunsaturated fatty acid/ascorbic acid esters of the
general  



formula (I) in pharmaceutical products, food products, nutritional  products,
and cosmetic products. 25 Examples The present invention will now be
described in further detail  with reference to Examples, which are provided
by way of example  15 only and are not intended to limit the scope of the
invention in  any way. As a reference, a production process is also
presented  of an ascorbic acid derivative having an acyl group originating
from different polyunsaturated fatty acids bound to the position  5 6 via an
ester linkage. Reference Example 1 : Synthesis of
6-0-arachidonoyl-ascorbate  Arachidonic acid (2.0 g, 6.6 mmol) was
dissolved in benzene  (20 ml) . To this solution, oxalyl chloride (5.4 ml, 7.9
mmol) was 10 added and the mixture was stirred at room temperature in a
nitrogen  atmosphere for 2.5 hours. Subsequently, the mixture was
concentrated under reduced pressure to obtain arachidonyl chloride  as an
oily product. Meanwhile, L-ascorbic acid (1.4 g, 7.9 mmol)  was added to a
mixture of N-methylpyrrolidone (15 ml) and 15 4N-HCl/dioxane (2.4 ml)
and the mixture was chilled on ice. To this  solution, the arachidonyl
chloride in methylene chloride (approx.  2 ml) was added, and the mixture
was stirred overnight while chilled  on ice. Upon completion of the
reaction, water was added and the  mixture was extracted with ethyl
acetate. The ethyl acetate layer 20 was washed with water (twice) , was
dried over anhydrous magnesium  sulfate, and was concentrated under
reduced pressure. The resulting  residue was purified by silica gel
chromatography (eluant =  



methanol/methylene chloride (1% to 20% methanol gradient) ) and was
dried under reduced pressure to give the desired product as a paste  25
(2.7 g, 90% yield). PMR(5 ppm,CDC13); 0.87(3H, t), 1.2-1.4(6H, m),
1.73(2H, q),  2.0-2.2(4H, m), 2.36(2H, t), 2.8-2.9(6H, 4.2-4.3(3H, m),
4.79(1H,  16 s), 5.36(8H, m). Reference Example 2 : Synthesis of
6-O-dihomo-y-linolenoyl-ascorbate  5 Using dihomo-y-linolenic acid (2.0g,
6.6mmol), the same procedure was followed as in Reference Example 1 to
give the desired  product as a paste (2.43g, 80% yield). PMR (6
ppm,CDC13); 0.89(3H, t), 1.2-1.4(12H, m),1.63(2H, t),
2.0-2.1(4H,m),2.39(2H,t),2.7-2.9(4H,m),4.2-4.3(3H,m),4.79(1H,  10 s),
5.2-5.4(6H, m). Reference Example 3 : Synthesis of 6-0-docosahexaenoyl
-ascorbate  Using docosahexaenoic acid (2.0 g, 6.1 mmol), the same
procedure was followed as in Reference Example 1 to give the desired 15
product as a paste (2.5 g, 84% yield). PMR (6 ppm,CDC13 ) ; 0.97 (3H, t) ,
2.07 (2H, q) , 2.43 (4H, q) , 2.8-2. 9 (10H,  m), 4.76(1H, s), 5.2-5.4(10H,
m), 4.2-4.7(3H, m), 4.80(1H, s),  5.2-5.5(12H, m). 20 Example 1 :
Powderization of 6-0-arachidonoyl-ascorbate using gum  Arabic Gum
Arabic (6.75 g) was dissolved in 45 ml warm water.  Meanwhile, 1 part by
weight of 6-0-arachidonoyl-ascorbate was  uniformly mixed with 4 parts by
weight of methyl oleate. The mixture 



25 (0.675 g) was added to the solution of gum Arabic (San-eigen,
manufactured by FFI) and the mixture was vigorously stirred in a
homogenizer (polytron PT20SK, manufactured by KINEMATICA) for 1  17
min to form an emulsion. The average size of the oil droplets present  in
the resulting emulsion was 0.48 m (determined by particle size  analyzer
SALD-2100, manufactured by SHIMADZU CORP.). While gently  stirred,
the emulsion was atomized by a centrifugal sprayer at 30, 000 5 rpm and
was injected into an LB-8 spray drier (manufactured by  OOKAWARA) at a
rate of 3.0 kg/hr. The temperature at the inlet was  200C and the
temperature at the outlet was 100 to 110C . The air  flow rate was
approximately 7.5 m2/min. The resulting powder  (microcapsule) was
collected by a cyclone as the desired product.  10 Example 2 :
Powderization of 6-0-arachidonoyl-ascorbate using  soybean starch Using
soybean starch (6.75g) (Soyafibeo, available from  FUJIOIL) , the same
procedure was followed as in Example 1 to obtain  15 the desired powder
(microcapsule). Example 3 : Powderization of 6-0-arachidonoyl-ascorbate
using  maltodextrin Using maltodextrin (6.75g) (Pinedex #100,
manufactured by  20 MATSUTANI KAGAKU), the same procedure was
followed as in Example  1 to obtain the desired powder (microcapsule).
Example 4 : Test for the stability against oxidation of arachidonic  acid
moiety of 6-0-arachidonoyl-ascorbate in microcapsules 25 240mg of each
powder product (microcapsule) obtained in each  



example was placed in a flat bottom glass container (1.5 cm inner
diameter, 3cmhigh). Using an aqueous solution of lithium chloride,  18 the
humidity inside the container was maintained at 12% and the  powder was
stored at 37 C . The cup was taken out at predetermined  intervals and the
6-0-arachidonoyl-ascorbate encapsulated in the  microcapsules was
hydrolyzed, followed by esterification with 5 methyl groups. The amount of
non-oxidized arachidonic acid was  determined by gas chromatography
(GC-14B, manufactured by SHIMADZU  CORP.) . The samples were
analyzed using methyl myristate as an  internal standard. The variation of
the proportion of the  arachidonic acid left unoxidized during the 30-day
period was shown 10 in Fig. 1 (with respect to the amount of arachidonic
acid on Day  0 (=1.0)). Asa control,
gumArabic,soybeanstarch(Soyafibe(registered  trademark)) and
maltodextrin (Pinedex #100) used in the respective  examples were used
in combination with arachidonic acid to make 15 arachidonic acid powder
products (microcapsule), and the powder  products were tested in the
same manner. Non-powdered arachidonic  acid and non-powdered
6-O-arachidonoyl-ascorbate were also tested  in the same manner. The
results are collectively shown in Fig. 1. 20 As can be seen from the results
of Fig. 1, as much as 80%  of the arachidonic acid of the
6-0-arachidonoyl-ascorbate  encapsulated by gum Arabic or soybean
starch remained unoxidized  after 30 days, whereas only 30% of the
non-capsulated  6-0-arachidonoyl-ascorbate remained unoxidized after the
same 



25 period. This indicates the high stability of microcapsulated
6-0-arachidonoyl-ascorbate against oxidation. In contrast,  non-capsulated
arachidonic acid disappeared in a few hours.  19 INDUSTRIAL
APPLICABILITY As set forth, the present invention provides an effective
process for making powder products of polyunsaturated fatty 5
acid/ascorbic acid esters, compounds with potential applications  in the
fields of pharmaceutical products, foodproducts, nutritional  products, and
cosmetic products. Specifically, the process  involves mixing, if necessary,
the polyunsaturated fatty  acid/ascorbic acid ester with a diluent, mixing
the mixture with 10 an aqueous solution of a water-soluble polysaccharide,
an excipient,  to form an emulsion, and spray-drying the emulsion to obtain
a powder  product that is easy to handle. Also provided by the present
invention are polyunsaturated fatty acid/ascorbic acid ester having
improved stability against oxidation and a powder composition  15
comprising such esters. The powder composition of the present invention
comprising  a polyunsaturated fatty acid/ascorbic acid ester shows
significantly improved stability against oxidation, so that it finds  a wide
range of applications in the f ields of pharmaceutical products, 20 food
products, nutritional products, and cosmetic products.  20 CLAIMS  1. A
process for making an ascorbic acid ester of a  polyunsaturated fatty acid
into powder, the ester represented by 
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CLAIMS
 

1. A process for making an ascorbic acid ester of a 

polyunsaturated fatty acid into powder, the ester represented by 

the following general formula (I): 

RCO-A (I) 

(wherein RCO- is an acyl group originating from a polyunsaturated 

fa tty acid, that the fatty acid has 3 or higher degree of unsaturation; 

and A is an ascorbic acid residue that is linked via "-0-" originating 

from the hydroxyl group of ascorbic acid), the process comprising: 

mixing the ascorbic acid ester of polyunsaturated fatty acid 

wi th an aqueous solution of a water-soluble polysaccharide to form 

an emulsion; and 

spray-drying the emulsion to dehydrate and dry the emulsion. 

2. The process according to claim 1, wherein the ascorbic acid 

ester of polyunsaturated fatty acid of the general formula (I) is 

first mixed with a diluent, and the mixture is then mixed with the 

aqueous solution of the water-soluble polysaccharide. 

3. The process according to claim 2, wherein the mixing ratio 

by weight of the compound of the general formula (I) to the diluent 

is in a range of 1 : 1 to 1 100. 

4. The process according to claim 3, wherein the mixing ratio 

by weight of the compound of the general formula (I) to the diluent 

is in a range of 1 : 3 to 1 : 10. 

5 . The process according to anyone of claims 1 to 4, wherein 

the mixing ratio by weight of the compound of the general formula 

(I) or the mixture of the compound of the general formula (I) and 

21
 

5 the following general formula (I):  RCO-A (I) (wherein RCO- is an acyl
group originating from a polyunsaturated  fatty acid, that the fatty acid has
3 or higher degree of unsaturation;  andA is an ascorbic acid residue that
is linked via "-0-" originating 10 from the hydroxyl group of ascorbic acid) ,
the process comprising:  mixing the ascorbic acid ester of polyunsaturated
fatty acid  with an aqueous solution of a water-soluble polysaccharide to
form  an emulsion; and spray-drying the emulsion to dehydrate and dry the
emulsion.  15 2. The process according to claim 1, wherein the ascorbic
acid  ester of polyunsaturated fatty acid of the general formula (I) is  first
mixed with a diluent, and the mixture is then mixed with the  aqueous
solution of the water-soluble polysaccharide. 3. The process according to
claim 2, wherein the mixing ratio  20 by weight of the compound of the
general formula (I) to the diluent  is in a range of 1 : 1 to 1 : 100. 4. The
process according to claim 3, wherein the mixing ratio  by weight of the
compound of the general formula (I) to the diluent  is in a range of 1 : 3 to
1 : 10. 25 S. The process according to any one of claims 1 to 4, wherein
the mixing ratio by weight of the compound of the general formula  (I) or
the mixture of the compound of the general formula (I) and  21 the diluent
to the aqueous solution of the polysaccharide is in  a range of 1 : 1 to 1 :
100. 6. The process according to claim 5, wherein the mixing ratio  
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the diluent to the aqueous solution of the polysaccharide is In 

a range of 1 : 1 to 1 : 100. 

6. The process according to claim 5, wherein the mixing ratio 

by weight of the compound of the general formula (I) or the mixture 

of the compound of the general formula (I) and the diluent to the 

aqueous solution of the polysaccharide is in a range of 1 : 2 to 

1 : 20. 

7. The process according to claim 1, wherein the water-soluble 

polysaccharide is selected from maltodextrin, gum Arabic, soluble 

starch, and soybean polysaccharide. 

8. The process according to anyone of claims 2 to 6, wherein 

the diluent is a long-chain fatty acid or an ester thereof, a 

surfactant, or a liquid oil. 

9. The process according to claim 8, wherein the diluent is 

selected from methyl oleate, oleic acid, linoleic acid, olive oil, 

soybean leci thin, a monoglyceride of a fatty acid, and a sugar ester 

of a fatty acid. 

10. The process according to anyone of claims 1 to 9, wherein 

A in the compound of the general formula (I) is a residue originating 

from the 6 hydroxyl group of ascorbic acid. 

11. The process according to anyone of claims 1 to 10, wherein 

RCO- in the compound of the general formula (I) is selected from 

acyl groups originating from arachidonic acid, dihomo-y-linolenic 

acid, and docosahexaenoic acid. 

12. A composition containing the powdered compound represented 

by the general formula (I) and produced by the process according 

to anyone of claims 1 to 11. 

22 

by weight of the compound of the general formula (1) or the mixture  5 of
the compound of the general formula (I) and the diluent to the aqueous
solution of the polysaccharide is in a range of 1 : 2 to  1 : 20. 7. The
process according to claim 1, wherein the water-soluble  polysaccharide is
selected from maltodextrin, gum Arabic, soluble  10 starch, and soybean
polysaccharide. 8. The process according to any one of claims 2 to 6,
wherein  the diluent is a long-chain fatty acid or an ester thereof, a
surfactant, or a liquid oil. 9. The process according to claim 8, wherein the
diluent is  15 selected from methyl oleate, oleic acid, linoleic acid, olive oil,
soybean lecithin, a monoglyceride of a fatty acid, and a sugar ester  of a
fatty acid. 10. The process according to any one of claims 1 to 9, wherein
A in the compound of the general formula (I) is a residue originating  20
from the 6 hydroxyl group of ascorbic acid. ll. The process according to
any one of claims 1 to 10, wherein  RCO- in the compound of the general
formula (I) is selected from  acyl groups originating from arachidonic acid,
dihomo-^y-linolenic  acid, and docosahexaenoic acid. 25 12. A
composition containing the powdered compound represented  by the
general formula (I) and produced by the process according  to any one of
claims 1 to 11. 22 




