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"Fortified<®ruit Juice Essential fatty acids (EFAs) are extrenely inportant
for human health. There are twelve of these as set out in figure 1. Mbst
di*ets contain reasonably substantial amounts of the parent fatty acids,
linoleic acid (LA), and al phalinolenic &cid (ALA). However, in order to

perform nost of their functions "ViF‘oEi'iﬁe& gg!ﬁggygig LA and ALA nust first
undergo 6-desaturation, by the fi ) imting, enzynme
del t a- 6- desaturase and then be converted to the further fatty aci ds shown

in the figure. Anmong these, di honogammalinol enic acid (DAA) and
arachidonic acid (AA) of the onega-6 series and ei cosapentaenoic acid (EPA)
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why human m bdy, DA ak® AT Must FirsKunde?sd §ldesandrdfion, Y thafirg"Bad fate Of DGLA,
GLA, AA, EPA arid DHA. Hunen babi es need these fatty acids to be provi ded

because t heylifitinigtenfpii€ delae6idesapirdseyandnhertbe thivened tethe fulthér faite ayids
recently, artificial 1nfant fornul ae contained either linoleic acid al one

or LA + ALA khawnlincthe digureonAaiong fthese hdihomegaimalinodenic Mid/ (DGLak) ankdor nul ae
have been made contai ni ng GLA, AA and DHA and several patents have been
filed in thiarathidonic atidr(As\)0fthe omega-6 sademE cicosapentaeaoio 288l (BRAandas
i nvolved a final GLA concentration of nore than 100ng/ 100n . However, it
is not only fefosshexaeneic acid PHA)f the emegard serins) ateparigularheimportant. fatty

actds. The NGl mma-iolemic acid (GLAY And'stearidoric 2id §AY Sre Also important in terras
of intake to the body because they are beyond the rate-limiting step and can .be
converted to-the other fatty acids relatively easily.

GLA and DGLA have a wide variety of desirable effects and are particularly
valuable in the promotion of human health. In humans, 6-desaturase seems
particularly slow acting. Only 10-20% of dietary ALA and only 1-3% of dietary
LA are converted to their metabolites. This explains why human milk, unlike
cows’ milk, contains substantial amounts of DGLA, GLA, AA, EPA and DHA.
Human babies need these fatty acids to be provided because they cannot make them

- rapidly enough themselves. Until very recently, artificial infant formulae
contained either linoleic acid alone or LA + ALA but did not contain further
metabolites. Now infant formulae have been made containing GLA, AA and DHA
and several patents have been filed in this field, for example, EP-0140805B and
US-4670285. None has involved a final GLA concentration of more than
100mg/100ml.

However, it is not only infants who benefit from the metabolites of the parent
fatty acids. The n-6 EFAs, GLA, DGLA and AA, are of value in older children



*

2 and adults in many situations including skin disorders such as eczenma and

acne; diabetes and its conplications; hypertension and other cardiovascul ar

di sorders including coronary and peripheral vascul ar di sease; inflanmmtory

di sorders such as rheumatoid and osteo-@&thritis, system c |upus

eryt hemat osus, Crohn's di sease, ulcerative colitis and many ot hers;

respiratory eandadulsris nanylsitaationstilciading skinldisrders subhsasredeersa ant ficnes

schi zophreni a and al coholism gastrointestinal disorders such as peptic

ul ceration; diabetes and its complicatiops)rhypestensipnandatther cardievaserar, disordersipai r ed

r enal functlon Omega-3 fatty acids such as EPA and DHA may al so be of

val ue, and ninejuding eoronamy@nd peripheralovascular diseasesfinflammetory disoulernsuchraat i on

of EFAs from both the onega-6 and onega-3 series. Mich attention has been

pai d to the Hifsgateidaad pgtgo-grihrifis,systemiclupys eqythematosus, %@@n s&xseegq,ed to the
contentlon t hat GLA are of
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gl yceride, ester, salt, free aci phosphol T pi d or ot her appropriate forns,
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because in general they are bland tasting. Any acceptable enul sifying agent
or system knbaoth the otiegs6 anllidnegd-3 seriehle art may be used. However, we have
found that while conventional phospholipid and synthetic enulsifiers can be
used, gal act ol i pMihfattentign bastbeen paid to the omega-3 series but much less attention

has been directed to the omega-6 series. It is the inventor's contention that GLA
and DGLA are of particular imbottance in human health. |

It is important to be able to present the EFAs in a way which is attractive and
pleasant for £l1e consumer. Fruit juices, natural, synthetic, or semi-synthetic are
well accepted by most consumers of all ages. They are therefore good vehicles for
the administration of fatty acids such as GLA and DGLA and optionally others
such as AA, SA, EPA and DHA. The fatty acids may be provided in glyceride, -

- ester, salt, free acid, phospholipid or other appropriate forms, although glycerides,
ethyl esters and phospholipids are of particular value because in general they are
bland tasting. Any acceptable emulsifying agent or system known to those skilled
in the art may be used. However, we have found that while_ conventional
phospholipid and synthetic emulsifiers can be used, galactolipids from plant
sources and milk sphingolipids are of particular value in pr(;ducing stable
emulsions. Because the fatty acids are easily oxidised, it is desirable to add an
appropriate anti-oxidant. We have found that, while a number of commonly used
anti-oxidants are of value, the ascorbate/phosphorylated mono- or di- acyl
glyceride system described ixi earlier patent applications (such as EP-0577305A) is
of particular value. |



sources and m | k sphingolipids are of particular value in producing stable
emul sions. Because the fatty acids are easily oxidised, it is desirable to
add an appropriate anti-oxidant. W have found that, while a nunber of
commonly used anti-oxidants are of valug, the ascorbate/ phosphoryl ated
nono- or di- acyl glyceride systemdescribed in earlier patent applications
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Either fatty acid in any appropriate formmay be incorporated into a fruit
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a t her apeut i chenligallyssyhthesisedsaithoagh hbpigkent twemethedseare difficult ahd erpansiveon nay
be of

‘The inveption is particularly directed to the addition of GLA and/or DGLA in
therapeutically useful quantities to fruit juices of any type, whether natural or
‘synthetic.

Either fatty acid in aﬁy appropriate form may be incorporated into a fruit
juice emulsic;n at levels of, for example, from 1mg to 30g/100ml, preferably 10mg
to 15g, and very preferably 100mg to 2g/100ml. 100mg/day and above is a
therapeutically useful dose, although lower rates of supplementation may be of
value in healthy people. Glycerides, phospholipids and esters are the preferred
forms because they have relatively bland tastes. However, any other derivatives
which can be made palatable and which deliver the GLA or DGLA in an
assimilable form are acceptable. It is difficult to prepare emulsions in which the
total fatty acid concentration is above about 30g/100ml. Any form of natural or
artificial fruit juice, such as orange, apple, grapefruit, peach, pineapple, melon,
blackcurrant, kiwi, strawberry,' raspberry, guava, pear or juice made from any
other fruit may be used. The juice emulsions may be flavoured and/or sweetened
in any appropriate way using any appropriate flavours or sweeteners. Thé
emulsions may also be enriched with other nutrients such as calcium, vitamin C, or
any other water soluble or fat soluble nutrient substance. The emulsions may also

be used as vehicles for natural or synthetic products, with therapeutic potential.
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value in healthy people. G ycerides, phospholipids and esters are the
preferred forns because they have relatively bland tastes. However, any

ot her derivatives which can be made pal at abl e and whi ch deliver the GLA or
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cal ciumand optionally with the addition of other fatty acid(s),
particularly EPA, for the enhancenment of cal cium

2.  Any type of fruit juice enriched or supplemented with GLA and/or DGLA as

in (1), with or without additional calcium and optionally with the addition of
other fatty acid(s), particularly EPA, for the enhancement of calcium
absorpt__ion, of calcium balance and the treatment and prevention of
osteoporosis. The calcium may be added in any appropriate form so that
50mg to 2000mg of additional calcium are added to 100ml fruit juice.
Appropriate sources of calcium include, but are not limited to, the calcium
salt of an essential fatty acid, calcium chloride, calcium gluconate, calcium
lactate, calcium carbohate, calcium phosphafe, caicium levulinate and

calcium glubionate.

3.  Any type of fruit juice enriched or supplemented with GLA and/or DGLA as
in (1) for the prevention and/or treatment of any of the disorders listed

herein.

4.  Any type of fruit juice' enriched or supplemented with GLA and/or DGLA as

in (1) for the treatment and prevention of atopic eczema.



absorption, .of cal cium bal ance and the treatnent and prevention of
osteoporosis. The cal cium may be added in any appropriate formso that 50ng
to 2000nmg of additional calciumare added to 100m fruit juice. Appropriate
sources of calciuminclude, but are not5limted to, the calciumsalt of an
essential fatty acid, calciumchloride, calciumgluconate, calciumlactate,
cal ci um car b6nat Anydypeoffruip juisperriohed onsuppleménted with £31eA and/oc DGLA s

gl ubionate. 3. Any type of fruit juice enriched or supplemented with GLA
and/ or DGALA as |m(li)optlonallytwnlpme@ltDHA,efnnlﬂmrprcmaom treatmenyobf t he

di sorders listed herein. 4. Any tépe of fruit juice enriched or
suppl enmrented w tﬂ@ﬂﬂ@d@t@ﬁm % in (1) for the treatnent and
prevention of atopic eczena. Any type of fruit juice enri ched or

suppl enent ed W|th GLA and/ or DGLA as in (1) optionally wth EPA or DHA, for
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and/ or DGALA as iBr%ﬂ:z)h&ﬁH onally with AA, EPA, or DHA for the prevention or
treatment of hypertension,” coronary artery disease or peripheral vascul ar

di sease. 8. Any type of fruit juice enriched or supplenmented with GA
and/or DGLA as in (1) optionally with other fatty acids or nutrients such

as ascorbic gci d Ay type of fruit juice enriched or supplemented with GLA and/or DGLA as
in (1) optionally with AA, EPA, or DHA for the prevention or treatment of

hypertension, coronary artery disease or peripheral vascular disease.

8.  Any type of fruit juice enriched or supplemented with GLA and/or DGLA as
- in (1) optionally with other fatty acids or nutrients such as ascorbic acid or
ascorbate in amounts of 10mg to 2000mg/100ml for the treatment or

prevention of asthma and of diabetes and its complications.

9.  Any type of fruit juice enriched or supplemented with GLA and/or DGLA as
in (1), optionally with other fatty acids and other nutrients such as zinc in
amounts from 1mg to 800mg/100ml for the treatment and prevention of

prostatic diseases, including prostatic hypertrophy.

10. Any type of fruit juice enriched with GLA and/or DGLA as in (1) optionally
with other fatty acids and other nutrients such as ascorbic acid or ascorbate in
amounts from 10mg to 2000mg/100ml, for the supportive nutrition of

patients with cancer.

The enriched fruit juices may be prepared by any method known to those

skilled in the art. Ho.wever, one convenient method which is easily applied in



ascorbate in anounts of 10ng to 2000ny/ 100m for the treatnent or
prevention of asthma and of diabetes and its conplications. 9. Any type of
fruit juice enriched or supplenented with GLA and/or DGA as in (1),
optionally with other fatty acids and obher nutrients such as zinc in
anounts from 1ng to 800ny/1100mM for the treatnent and prevention of
prostatic di pestiesis tortakentie GLA 00 DGILA cohtaining 6ibrddd. to D01 - Ar)%tofaa of fruit
juice enriched with GLA and/or DEA as in (1) optionally with other fatty
aci ds and ot Iappropnaueleanﬂsﬁen,uwmmcmdatbe hiphosphotipidr(suchcasrphasphalipidanount s
from10ng to 20 /100m , for the supportive nutrition of patients with
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t hose skill ed |n the art. However, one conveni ent nmethod which is easily
applied in s Uefﬂr%h,ly .adéantgalastomwemtm@ﬂ@@m!agolmﬁa@dh%m%m10 thédd to .
0.1 - 5.0%of, .an, a | at.e enul sifier, which could be a phospholipid
(such as phodfiffoin iWhich PeTBHiSdRigasive ™R, p| ants such as soya beans)
ar a synthetic ermIS|f|er but is preferably a plant galactolipid or a mlKk
sphingolipid, and then to add this to the juice in equipnent which permts

I ntensive m rimul ations Al the formul ati ons may be nade
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any of the sources nentioned in thé text which
the natural emulsifiers of the fruit juice itself.

1. Orange juice, natural or synthetic containing a fatty acid glyceride or
phospholipid derived from any of the sources mentioned in the text which

- provides a level of 100-2000mg of GLA per 100ml.
2, As (1) but with DGLA.

3. As (1) or (2) but with two, three or four other fatty acids selected from
AA, SA, EPA or DHA. '

4-6. As (1-3) but prepared with additional calcium from any éppropriate source
but particularly the ones mentioned in the text to provide an extra 50-
1000mg/100ml thereof.

79 As (1-3) but prepared with additional ascorbic acid or ascorbate to provide
an extra 10-2000mg/100ml thereof.

10-12. As (1-3) but prepared using grapefruit juice or apple juice, optionally with

added calcium or ascorbic acid as in examples 4-6 and 7-9.



provi des a | evel of 100-2000ng of GLA per 100m . 2. As (1) but with
DALA. 3. As (1) or (2) but with two, three or four other fatty acids
selected from AA, SA, EPA or DHA. 4-6. As (1-3) but prepared with

addi tional calciumfromany appropriate Bource but particularly the ones
mentioned in the text to provide an extra 50- 1000ng/ 100m thereof. 7-9

As (1-3) but prepared wth additjional ascorhic acid or, ascorbate to provide
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Gal act ol | pibéakumifi, fdges or Yhkh sdueridy aRotbeausedl act ol i pi ds, two types of
classes of |ipids based on gal actose are very conmmon, that is

mono- gal act osy|Ekangplesibf/ Galactolipid Edinglsifiess osy| di acyl gl ycerol . Comnmonly used
nonencl at ure and abbrevi ati ons are nonogal act osyl di gl yceri de, MEDG and
di gal act osyl di (With eegadd to thelgalaciipidye two fpes df classes of Lipids basekdaampounds are
outlined below :

galactose are very common, that is mono-galactosyldiacylglycerol and

O

digalactosyldiacylglycerol. Commonly used nomenclature and abbreviations are
monogalactosyldiglyceride, MGDG, and digalactosyldiglyceride, DGDG. The

general structure of said compounds are outlined below.

i 2
R,CC—CHZ
Q RaC—H CH
Ay CC=CH, © Hyt—0/—cH
- : Y =0
ReGO—2H o < >
[ PN : Q oH
=0/ TACH t':Hzo' \CH
L »] V We
c H
CiCH é’dzCH
wherein Ry, Ry = fatty acid residues
‘MGDG . | DGDG

To some extent one of thé two fatty acid residues may be absent in the two
lipids, which results in the corresponding monoacyl compounds, i.e.
digalactosylmonoglyceride, DGMG, and monogalactosylmonoglyceride, MGMG.
Higher homologues with additional galactose units may also occur in small

amounts.
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[err] wherein [err], [err]= fatty acid residues MG
DGDG To sone extent one of the two fatty acid residues may be absent in the
two |ipids, which results in the coespondi ng nonoacyl conpounds, i.e.

di gal act osyl nonogl yceri de, DGMG and noigogal act osyl nonogl yceri de, MaVG

H gher honol ogues with additional gal actose units may al so occur in small
anounts. 8 Exanples of Galactolipid Extraction The gl ycosyl gl yceri de
material can be extracted from al nost any kind of gl ycolipid-containing
plant material . Rxampléscst Galabfolipid Extrattiomr € seeds and kernels from grains
and cereals, for instance, wheat, rye, oats, corn, rice, mllet and sesane.
The fol |l ow ng renhegkycbwlglybemmlfm terextiacted grom almospanyokidd it er i al
fromoat kernels. 200kg of oat kernels (Kungsornen, Sweden) were grounded
and "ext r act eglyoolipididoftairing pladt tateriahn Breferred ptanf materials are seedsiandext r act i on
tank under stirring. The slurry was centrifuged while still warm and

separ at ed f r &emmels| (gzains and-eereats,cfor instange,f wheat,i ©ye, O#ts, OVRpiaces milletat

maxi mum [err] which yiel ded about 10kg of extract in the formof a |ight
brown oi|. TRBd&$AMShydrates were renoved in the fol | owing way: 10kg of the
extract was care

| Iy mixed with 10 1 of h | i.sat i
grade, distillatil9fH lé‘%')ég[f%‘\ém@f %ﬁ&?ﬁ%ﬁé&%ﬂéﬂ%@f ﬁgﬁ&h%f‘ﬁb&”

oat kernels.

200kg of oat kernels (Kungsornen, Sweden) were grounded and extracted
with 1000 1 of 95% ethanol at 70°C for 3 h in an extraction tank under stirring.
The slurry was centrifuged while still warm and separated from solid particles.
The liquid fraction was evapor;ted at maximum 60°C which yielded about 10kg of
extract in the form of a' light brown oil.

The carbohydrates were removed in the following way:

10kg of the extract was carefully mixed with 10 1 of hexane (hexane
polymerisation grade, distillation range 65-70°C, Shell) and 50 1 of 70% aqueous
ethanol. The mixturq separated into two phases over night. The lower, more polar
phase containing the mfbohydrates was discarded. The lipids are contained in the
uppér phase. . |
~ The upper phase, amounting to about 20 1, was applied to a stainless steel
column of 30cm x 20cm (ID x h) having a volume of about 14 1 and containing
6.25kg of silica gel (Matrex Silica Si, pariicle size 20-45 um, pore diameter 60 A,

- from Amicon Corporation, Danvers). The column was heated to 50°C and then
washed with 30 1 of a mixture of hexane:isopropanol, 90:10, in order to remove
all triglycerides.

.The glycolipid material was theﬁ eluted from the column with 20 1 of a
mixture of hexane:isopropanol, 60:40, giving a glycolipid fraction. Evaporation of
the glycolipid fraction gave about 700g of a glycolipid material.
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The glycolipid material was then eluted fromthe colum wth 20 1 of a

m xture of heespertivelyp pspoesemtwo Mo Classes of digalcwsyldiglycerides Kavixig on.
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mat eri al . different hgyligroup structures. y Sathe pf theragiditional pdaks hifte(been ddentified t hat
the glycolipid material contains >70 area % DGDG Two of the peaks, DGDGL
and DGD&2, rascphespholipids, that is BE cphosphatidylethanolaming; PA,rhosphatidic acid, PI,

di gal act osyl di gl yceri des havi n8 different acyl group structures. Some of
the additi onplosp lingsitel ard:-R sammtidyépmm@h&%ﬁmﬂww,wf hat is PE,
phosphati dyl et h | am ne,  PA, _phosphatidic acid, PlI, phosphatidylinositol
and PC, phosl?m)é?’]rl1 W‘ME’FW IQ'E@‘t%t al anount of phospholipids is bel ow 10
area % 0 '



CLAIM1. A fruit juice enriched or supplenmented with GA and/ or DGE.A, the
fruit juice conprising 1ng to 30g9/100M , preferably 10ng to 15g/100m and
very preferably 100ng to 2g/100m of G.A and/or DG.A and optionally further
conprising other fatty acids such as AAggor SA, or EPA, or DHA—-+A—amounts

from1lng to 309/100n, preferably 10ng to 159/ 100n and ver
100ng to 2g/100m . 2. A fruit juice aéﬁgiﬁsng toclaiml. (I‘ﬁbme“ﬂﬂ“mu“\
conprising additional calciumin any appropriate assinila

provi ding 50ng to 2000ng of additional calcium per 100m and optional ly

further conprising other fatty acid(s), particularly EPA. 3. A fruit juice

according tojcl aiﬁm—ﬁuzﬁ efrivhed 'of sapplenemed With GLA Ahd/lod DGRAOHR fr@l. Of
cal ci um bal ance and the treatment and prevention of osteoporosis. 4. A

fruit juice accofdéaieorh siﬁgilm‘gloBOgllobﬂil,mrefeﬂﬁly 00ma el 9¢/ 100mb ARG Wéryof any
of the disorders listed herein. 5. A fruit juice according to claim1l for
t he treat nent anprqiembbnlOOmg mfZgél(llecnfeG‘IzArmd/oﬁ DGIAA fand ioptipnallyefustheror di ng
to claim1 optionally with EPA or DHA, for the prevention and treatnent of
rheumat oi d or ospempasmgloﬂlersattymcldmuchasAA,mr&A,anrcﬁiw,l oryDHA inl amounts
optionally with EPA for the treatnment of schizophrenia or

al cohol i sm g from N“Grtﬁﬁpgﬂgp@b prefemably A@mg o d5g/180ml and very preferablyt h AA,

EPA, or DHA for re op or treatnment of hypertension, coronary
artery di sease oﬁgﬁ'@g' ﬁgﬁbbm? _

2. A fruit juice according to claim 1 further comprising additional calcium in
any appropriate assimilable form, providing SOmg to 2000mg of additional
calcium per 100ml and optionally further comprising other fatty acid(s),
particularly EPA. |

3. A fruit juice according to claim 1 or 2 for the enhancement of.calcium

_absorption, of calcium balance and the treatment and prevention of

osteoporosis.

4. A fruit juice according to claim 1 for the prevention and/or treatment of any

of the disorders listed herein.

5. A fruit juice according to claim 1 for the treatment and prevention of atopic

eczema.

6. A fruit juice according to claim 1 optionally with EPA or DHA, for the

prevention and treatment of rheumatoid or osteo-arthritis.

7. A fruit juice according to claim 1 optionally with EPA, DHA or AA for the

treatment of schizophrenia or alcoholism.



vascul ar disease. 9. A fruit juice according to claim1 optionally with
ofher fatty acids or nutrients such as ascorbic acid or ascorbate in
anounts of from 10ng to 2000ng/ 100m for the treatnment or

asthma and of diabetes and its conplicattgons. 10. A fruit [mm ML

toclaim1 optionally with other fatty acids and ot her nutrl*ents su )
zinc in anmounts from 1ng to 800ng/ 100m for the treatnent and prevention of -

prostatic diseases,

il

i ncluding prostatic hypertrophy. 11. A fruit juice

accordi ng t o8.cl aArfruit jwice ascerding tei dldimol hptiorally witha& g EPsorddHaAr fonthier i ent s

such as ascorbic acid or ascorbate in amunts from 10ng to 2000

/100m

for the suppor t i Brevensioniaritesatraent of hypestensian, epreeary arteryidisease pr peripherdlce
according to any precedl ng claimwherein the fruit juice is prepared using

a natural or syn

Wsé-e 13. Afruit juice according to any preceding

claimwherein the fruit juice is prepared using orange, grapefruit, apple,
peach, pineapple, nelon, blackcurrant, kiw, strawberry, raspberry, guava

ar pear jui

conpri sing a%

emul sifier,

10.

11.

12.

13.

14.
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2000mg/100ml for the treatment or prevention of asthma and of diabetes and

its complications.

A fruit juice according to claim 1 optionally with other fatty acids and other
nutrients such as zinc in amounts from 1mg to 800mg/100ml for the

treatment and prevention of prostatic diseases, including prostatic

hyperttzophy.

A fruit juice according to claim 1 optionally with other fatty acids and other
nutrients such as ascorbic acid or ascorbate in amounts from 10mg to

2000mg/100ml, for the supportive nutrition of patients with cancer.

A fruit juice according to any preceding claim wherein the fruit juice is

prepared using a natural or synthetic juice.

A frdit juice according to any preceding claim wherein the fruit juice is

prepared using orange, grapefruit, apple, peach, pineapple, melon,
blackcurrant, kiwi, strawberry, raspberry, guava or pear juice.

A fruit juice according to any preceding claim further comprising an
appropriate emulsifier such as phospholipid or a synthetic emulsifier,

preferably a plant galactolipid or a milk sphingolipid.



